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ment of total cardiovascular risk in patients with arterial hypertension and obesity. Correction of carbohy-
drate, lipid profile and adipokine with the metabolic neutrality of different groups of drugs may produce posi-
tive impact on the formation of common cardiovascular risk and contribute to the final point of the overall
cardiovascular mortality and cardiovascular events.

A cluster of metabolic disorders, including hypertension, abdominal obesity, insulin resistance,
dyslipidemia and glucometabolic disorders is a risk factor for adverse cardiovascular events, the risk in the
development of type 2 diabetes and in particular in the development of such complications as myocardial in-
farction, stroke, micro-and macroangiopathy that increases the overall cardiovascular mortality. All major
components of the metabolic syndrome are mutually aggravating as they have a common pathogenesis and
metabolic disturbances in the system leads to the launch of the cascade of pathological changes that con-
tribute to the progression and worsening of metabolic syndrome components. Initial metabolic disorders of
carbohydrate, lipid and adipokines metabolism are asymptomatic and appear for a long period before the
progression of metabolic syndrome become apparent. Atherosclerosis, myocardial infarction and cerebral
stroke in most cases are diagnosed during of progression of disease and may result in complications. And
the possibility of early detection of metabolic disorders is promising for early correction and prevention of
such manifestations of cardiometabolic diseases as hypertension, coronary heart disease, type 2 diabetes
mellitus. The article presents the major historical theories on pathogenesis and pathophysiology of the meta-
bolic syndrome: glucocentral, lipocentral and adipokinocentral theory.

The study of the metabolism of carbohydrates, lipids, in relation with the activity of adipokines will expand
our understanding of the complex molecular mechanisms in the development of obesity, insulin resistance,
and hypertension. The study of therapeutic effects produced by antihypertensive, lipid-lowering and glucose-
lowering drugs in the treatment of metabolic syndrome opens new perspectives for scientific research in de-
signing combined drugs that can eliminate the phenomenon of polypharmacy in the correction of metabolic
syndrome.
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Bbolkie H 4.

POJ1b EHAOTENIIO B NATONEHE3I TOCTPUX PO3J1IAA4IB
MO3KOBOIO KPOBOOBII'Y

Y cmammi suceimiieHo 0CHO8HI ¢hyHKUii eHOomenito ma porsib ix MopyuwieHb y namoaeHe3i 2ocmpux posnadie
MO3K08020 Kpoegoobiey. Bidomo, wio eHOomenil cyOQuH y gpizionoaiyHux ymosax npomudie easocrasmy i
B8HYMPILWHLOCYOUHHOMY 3CiOaHHI0 Kposi. [pu 2ocmpux posnadax MO3KO8020 Kpogoobicy criocmepieaembcs
cmpykmypHe ma QQyHKUjOHalbHE YWKOOXEHHS CyOUHHOI CMIHKU 3 MOPYWEHHSIM 8a300usiamamopHUX, aH-
muaespe2aHmHUX, aHmuKoagynsaHmHux enacmusocmel eHoomenito. [TopyweHHss MoHycy CyOUHHOI CMIHKU
ma peorsoaidHux erracmusocmel Kpoesi noz2ipuyroms MIKPOUUPKYSAUIK0 HaBKOIO 802HUWA YPaXeHHSs, nocu-
JrooYu iwemito. 3 iHWozo 60Ky, y 8i0rnosiob Ha yWKOOXKeHHS, ieMito ma 2irnokcito eHlomenit 30amHuli cu-
HmMe3ysamu YUHHUKU, 5IKi 6epymb y4acms y o020 pezeHepauii. Po3ymiHHsA yux cknadHux mexaHiamie 00380-
nums 800cKkoHanumu 0iazHOCMUKY ma JliKy8aHHS iHCYibmy.

Knio4oBi cnoga: iLeMi4yHWi iHCYnbT, reMopariyHui iHCynbT, eHOoTenin.

HaykoBe pgocnigXeHHs € YaCTMHOK KOMMIEKCHOI HaykoBOi poboTu “YpaxeHHs HepBOBOI cuctemu pisHoro reHesy” (Ne gepxaBHoi pe-
ecTpauii: 0105U007862; wudp Temu: IH.26.02.0001.05).

3a cyvyacHMMHM ysIBMEHHAMUW eHAoTEeNin — ue oa-
HOLLApOBUIA NNacT cnewianisaoBaHuX KIiTWH, KOTpUK
BUCTUNAE 3cepeanHnN KPOBOHOCHI, niMdaTuyHi cy-
OnHn Ta kamepu cepuga [13]. OcobnusicTio eHaoTe-
nito uepebpanbHUX KaninspiB € yLWiNbHEHHS MiXK-
NITUHHNX KOHTAaKTIB, ApPiOHI iHTpauentonsapHi nopw,
Ta aKTUBHWIA TPaHCMOPT MOJSIEKYH, SKUA noTpebye
3HaYHUX eHepreTuYHMX 3aTpart, Lo Yy cymi 3abes-
neyye MOXIUBICTb BUBIPKOBOI MPOHMKHOCTI vepe3
remaTtoeHuedaniyHun G6ap’ep [4]. Kpim 6ap epHoi,
dyHKUiT eHOoTenio nongaraTb B NiATPUMUI CYOMH-
HOrO TOHYCY i CTPYKTYpW; perynsuii npo- , aHTUKoa-
FYNAHTHUX, (PIGPUHONITUYHMX BRACTMBOCTEN KPOBI;
perynsuii agresii nemkouuTiB Ta TpoMOOUMTIB Ha
CBOIN NOBEPXHi; NPOAYKUIT YNHHUKIB, AKi CPUAIOTb
POCTY CyAMH i ix iHribiTopis [3,4,13,15].

Y (pisionoriyHnx ymoBax eHpoTenianoHun 6a-
naHc 3cyHyTui y Bik niaTpymkn Basogmnaradii. Po-

3cnabneHHst rmagKkom siI30BUX KITITUH CYAMHHOI CTiH-
KM BUKNUKAKOTb MPOCTAUMKMiH, eHaoTeniansHun
dakTop rineprnonsipu3auii, C-nentua, agpeHOMO-
ayniH. MNMpoTe HanbGinblle 3Ha4YeHHs y BasoaunaTta-
i, BiANOBIQHO OO CyYaCHUX ysiBfeHb, HaOaETbCA
okenay asoty (NO) [4, 17].

NO yTBOPIETLCS LUAAXOM OKUCHEHHS L-apriHiHy
3a ydactio pepmeHta NO-cuHTasm (NOS), koTpa
iCHye y BUrnagi Tpbox i30popM — HenpoHanbHOI
(NNOS), engoTtenianbHoi (eNOS) Ta iHaQyunbenbHoI
(iNOS). nNOS T1a eNOS, TaK 3BaHi KOHCTUTYTUBHI
CUHTa3n okcuay asoTty, € epmeHTamu 3i cTabinb-
HOK aKTUBHICTIO, Ta peryniowTb 6araTto disionoriy-
Hux npoueciB [19]. CuHTE30BaHU eHJoTeNIanbHN-
MU KIiTUHAMXU OKCUA a30Ty NPUrHiYye YTBOPEHHS
eHaoTeniHy-1, 3MeHLWye HagMipHi edekTn Takmx
CYOVHO3BYXXYyBanbHMX akTopiB, sk TpombokcaH
A2, aHrioOTEH3MH, a TakoX OnocepenkoBye CyaMHO-

220



ARTyaABHi IPOOAEMH CyIacCHOI MEAHIIHHH

po3wunptoBanbHi edekTn eHgoTenindanexHux Ba-
3ogunaraTopie [17, 31, 34, 39]. BiH BusiBnsie cunb-
HYy npoTusananbHy Aito: 6NoKye CTUMYNbOBaHY Ln-
TOKIHAMM eKCMpecito aaresvBHUX MOJSIEKyn eHgoTe-
nito (VCAM-I, E-cenekTnH) Ta XeMOTaKCUYHMX Ner-
TUAIB MOHOUMUTIB, 3MEHLWYe aaresito HenTpoinis i
MOHOUWUTIB, NEPETBOPEHHS OCTaHHIX y Makpodaru
[37, 38]. Okpim Toro, NO 3anobirae TpomboyTBO-
PEHHIO LUNAXOM ranbMyBaHHSA arperauii Ta agresii
TpoMOOLMTIB, eKCrpecii akTMBYHYOro TpomMbounTn
dakTopa [13, 34].

Mpw BNAMBI Pi3HOMaHITHUX MOLUKOKYIOUUX YMH-
HUKIB (MeXaHiYHUX, IH(EKUiMHMX, MeTabonivyHux,
iIMYHOKOMIMIEKCHMX) 30aTHICTb €HOOTENi0 CUHTE3Y-
BaTW OKCUA a30TYy 3MEHLUYETBCS, TOAI K YTBOPEHHS
CYOVHO3BYXYIOIOUYMX YMHHUKIB 30epiraeTbcsa abo X
HaBiTb 36inbLYeETbCHA, TOBTO (POPMYETLCA CTaH, KO-
TPUN BU3HAYAETLCA AK AUCYHKUIA eHaoTenito [4,
13]. EngoTenianbHy gucdyHKUil0 BHAcnigok nopy-
weHHa cuHTedy NO BBaxalTb OAHIEW 3 NPUYMH
BMHUWKHEHHS iLWeMiYHOro iHCynbTy [3, 7]. docnigxe-
Ha naTtoreHeTM4Ha posb nopylleHHs npoaykuii NO
Y BMHMKHEHHI Ba3ocnasmy Ta BTOPMHHOI ileMii npu
cybapaxHoiganbHux kpososunueax [11, 12, 44].

Ha BigmiHy Big KOHCTUTYTMBHUX cuHTa3, INOS
eKCMNpecyeTbCs NepeBaXHO Makpodaramu, iHOYKy-
€TbCA MpOo3ananbHUMKU LMTOKIHAMMW, EHOOTOKCUHaMM
i Npy HECNpUATNMBUX YMOBAxX MOXe Npu3BoauTK [0
LMTOTOKCUYHOI rinepnpoaykuii okcuay asoty [4]. He-
CNpUATNMBUA BNNMB NiaBULWEHOT akTMBHOCTI INOS
BUABISETLCA NPy dOPMYBaHHI BOrHMLLA iHGApKTy B
Mo3Kky. Penepdyysia nicns vacTtkoBoi abo NOBHOI
iLlemii ronioBHOrO MO3KY iHOYKYE YTBOPEHHSI Haj-
TNULLKOBUX KiNbKOCTEN aKTUBHUX (POPM KUCHIO, 30K-
pema cynepokCcMaaHiOHy, KOTPUW Nerko BCTynae B
peakuito 3 OKCMAOM a3oTy, YTBOPKOKYU TOKCUYHUI
nepokcuHiTpuT (ONOO"), Wo NoTeHLUiloe noganbLue
MOLUKOMXEHHS TKaHWH [4]. Tlik yTBOpeHHSA cynepok-
CUAaHIOHY peecTpyeTbCA Bigpasy nicns BigHOBIEHHSA
KPOBOTOKY B illeMi30BaHin AingHui i yTpuMyeTbecst
BNpoAoBxX 2 roguH. lMNMowkogkyoya gis Ha egoTenin
CYOVH BUSIBNSIETLCHA Y MOPYLUEHHI eHaoTeniansHol
BiQNOBIOj HA BNAIMB BMCOKMX KOHLEHTPaUin Byrneku-
cnoro rasy, MNpOAyKuil eHaoTenianbHUX akTopis
penakcauii CYAnHHOI CTiHKW, NiABULWEHHI aare3vBHO-
CTi TPOMBOLUTIB, 3pOCTaHHi MPOHUKHOCTI eHaoTenito
Ta remartoeHuedaniyHoro 6ap’epy, pymHyBaHHi €H-
potenioumnTiB. ®asa penepdysiiHOrO MOLUKOXKEHHS
cnisnagac B Yaci 3 MakCMMymMoM NpoayKLuii cynepok-
cupaHioHy. inepnpoaykuis okcugy asoTy, B OCHOB-
HOMY 3a paxyHOK niasuLLeHoi akTnsHocTi iINOS, Ta
YTBOPEHHSA MOro Crofykn 3 akTMBHUMUK chopmamu
KUCHIO MPU3BOAUTbL [0 HAKOMWYEHHS BifbHUX paau-
Kanis i cMepTi KMNiTUH LUASXOM HEKPO3y Ta anonTo3y
B iLleMmi3oBaHUX TKaHWMHaX MO3Ky B roCTpun nepiof
PO3BUTKY iLLIEMIYHOrO iHCYNbTY [1]. TakoX nokasaHo,
Wwo npurHiveHHs iNOS y muwen 3 iHTpauepebpans-
HOIO remMaToMOI0 3MeHLUYE Habpsik MO3Ky HaBKOSO
30HUW KPOBOBUIUBY [22].

EHpoTenin TicHO noB si3aHWU i3 CUCTEMOIO FEMO-

BHYTPILLUHBOCYANHHOIO 3cifaHHs. LlinicHicTb eHgoTe-
nianbHOro0 MNOKPMBY, MOr0 peakTUBHICTb NO BigHO-
LEeHHI0 o TpoMbouuTie, dhakTopiB 3CifaHHA € Bax-
NMBOKO YMOBOK AN HOpMarbHOro (pyHKUIOHYBaHHS
ronoBHUX Nigpo3ainis cucremn remoctasy. EHgoTe-
nin Mae Tpu piBHI aHTUaAre3nBHOro 3axuCTy:

1. MNepwun NigTPUMye HykneotTuagasa, HevyTnn-
Ba [0 aueTtuncaniyunoBoi kucnotu, ekto-Ald-asa,
CD39. Ui 6inkun iHribyloTb NepBUHHY afresito, a Ta-
ko A®-, konareH-apaxigoH-iHOyKOBaHy arpera-
uito TpombouunTiB.

2. dpyrun piBeHb — Lie cuMcTemMa enko3aHoigiB —
npoctarnaHaunHis E2 i E12, koTpi 34iACHIOITL aH-
TUTPOMOOLMTaAPHY (OYHKLIKO LWASXOM 36iNbLUEeHHS
ULAMO® i 3HMKEHHSI KOHUEHTpaUil BiflbHOro KanbLito
B LuTONNasmMi TpomoouuTiB.

3. TpeTin piBeHb — cucTema okcugy asory.

AHTUKOArynsHTHa (PyHKUiS eHOoTenito 34iACHIo-
€TbCA LUNAXOM €eKCnpecii Ha MOro NnoBepxHi TPOM-
SomopyniHy, KOTpWUA 30aTHUA 3B A3yBaTh TPOMOIH.
Mpn uybomy TpombiH akTMBye npoTeiH C, akun pa-
30M i3 npoTeiHOM S poswennoe ¢aktopn Va i
Villa, TakuM YMHOM MNPUrHIYYOYM 3CidaHHA KpOBI.
CuvHTe3 akTMBaTopiB Ta iHribiTopiB nnasmiHoOreHy
3abesnevye QiOPMHOMITUYHY aKTMBHICTb €HOOoTe-
nito. Y Bignosiab Ha cTumynsuito (NposanansHUMm
LMTOKIHAMK, €HOOTOKCMHaMK, TPOMGIHOM, ricTami-
HOM, FiNOKCI€l0, BiNbHUMU pagvkanaMmm KUCHI0) eH-
JoTenioyMTtu BiAMNOBiIgAlOTb aKkTUBALED Ta 3MiHOM
CKepOBaHOCTI BNMBY Ha reMocTas, NosiBOK MPOKO-
arynsHTHUX BacTMBOCTEW 3@ PaxyHOK HACTYMHMWX
MEXaHi3MiB: 3BiNbHIOETLCA dakTop BinnebpaHaa 3
Tineyb Benbna-Mannapa; Ha enpgoTenianbHUX KRi-
TUHAX 3HMXYETbCA KiNbKiCTb TPOMBOMOAYNiHY; €eH-
[OoTeniouMTn eKCnpecylTb Ha CBOIM NMOBEPXHi TKa-
HUHHWUI paKTop; eHaoTenianbHi KNITUHU CeKkpeTy-
IOTb iHriGiTOp akTMBaTOpa NNasMiHOreHy; 3MiHIOETb-
ca docdoninigHMn cknag 30BHILWIHBOI NOBEPXHI
MembpaHu eHgoTenianbHUX KIITUH Ta 3 ABMASOTHCA
peuentopu Ana hepMeHTHUX KOMMMEKCIB Koaryng-
LinHOro Kackagy; eHgoTtenianbHi KNITUHU CUHTE3Y-
I0Tb pA4 O04AaTKOBUX MOKa3HUKIB, WO B6epyTb y4-
acTb Y KoarynsauyiiHoMy remMocTasi, y ToOMy Yuchi iH-
[yKoBaHuWK rinokcieto aktusartop dakropa X [8].

Ha pisHnx  cTagiax  MIiKpOUMPKYNATOPHO-
KNITUHHOrO Kackagy npw iHCynbTax crnocTepiralnTb-
CH 3MiHM K (PyHKUiOHaNbHI CTaHy eHAoTenito, Tak i
MOro CTPYKTYPHE YLUKOMXKEHHS (pO3pumB, Koaryns-
LiiHMI HEKpo3) 3i 3BinbLUeHHAM NPOHUKHOCTI 6asa-
NbHOT MemMOpaHKu, TpaHCeHAOoTErNianbHUX KOHTaKTIB
ans nemkouuTiB Ta pigvHM Ha OHI MPUrHiYeHHs
abcopbuii. Lle npussoanTb 00 ANCYHKLUIT remaTo-
eHuedaniyHoro 6apepy, OpMyBaHHS LIUTOTOKCK-
YHOro HabpsiKy rnii, MOCUNEHHST TPOMOOTUYHUX | OK-
CUOAHTHUX peakuin, 3armbeni XUTTEBO BaXMMBMUX
HEeMpOHIB Ta 36iNblUEHHA BOTHULWA YypaXKeHHs [3,
10, 48]. YHacnigok Habpsiky MO3KYy Ta BUHUKHEHHS
BOMHULLLA HEKPO3Y TKaHWMH NpW illeMiYyHOMY i remo-
pariyHOMy iHCynbTax CMoCTepiraeTbCa HaaXOKeH-
HS B KPOB TKGHUHHOIO pakTopa Ta iHWMX aKTUBHMX

BacCKyrnsipHOro romeoctasy Ta 3Ha4HOK MipOoK pery- cybCTaHUi, WO BONOAITbL MNPOKOArynAHTHUMU
noe il cTabinbHICTb i, B Meplly 4epry, akTueauito BTACTUBOCTAMM.
Tom 13, Bunyck 4 (44) 221
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3a nposefeHMMM gocnigkeHHamn, y 57 % xBo-
pUX Ha ilWeMiYHUIA IHCYNbT CnocTepiraeTbeca rinepa-
rperauis TpomMéouuTiB, WO NPM3BOAUTL OO PEOSOri-
YHUX NOPYLUEHb KPOBI, NiABULLYIOYM 1T B A3KICTb, MO-
ripweHHsa LepebpanbHoi Mikpouupkynauii [6, 49].
BusaBneHo nigBuwieHHst BMiCTy dakTopa Binnebpa-
HOA Npu ileMiyHMUX iHCynbTax, WO BKasye Ha nato-
reHeTUYHy pofb eHaoTenianbHOl AUCYHKUIT Ta
3pOCTaHHA aAaresvBHOI aKkTUBHOCTI TpombouwuTiB y
poO3BUTKY Uiei naTonorii [26]. LLle ogHUM YMHHMKOM,
SAKUIA CBIOYUTE NPO CTPYKTYPHE YLUKOKEHHS eHOO-
Tenito B rocTpoMy MepioAi iHCYnbTiB, € 30iNbLUEHHS
BMiCTy TpombomoayniHy B kposi [28]. [JocnigxeHo,
Lo npu aTepoTpoMBOTMYHOMY Ta KapgioemMoboniy-
HOMY TuUMax ilWeMi4YHOro iHCynbTy pi3ko 3binbLieHa
KOHLeHTpaujis TpombokcaHy A2, akTMBOBaHWUMN Cy-
OWHHO-TPOMOOUUTAPHUI  remocTas, MigBULLEHUI
BMIiCT KOMMJEKCIB TPOMOGiH-aHTuTpomGiH Ill, D-
anmepie [9, 20, 49]. 3MiHM NEPBUHHOrO Ta BTOPWH-
HOro remocTasy CrnocTepiralTbCa W Npu nakyHap-
HOMY iHCYMbTi, XO04a 3a paxyHOK KOMMEHCATOPHMUX
MOXnuBocTen iIGPUHONITUYHOT NaHKkM Ui nopy-
LWEHHSA BMHMKAIOTb JIOKaNbHO M LWBWAOKO HenTpani-
3ytoTbes [2, 16]. MopylweHHa B cucteMi remocTasy 3
0O3Hakamu rinepkoarynsuii Ta aucdyHkuii gidprHo-
NITUYHOI NaHKN BUSIBNIEHO NpW reMopariyHomy iHCy-
neTi [2, 6]. MNig4ac naTtonoroaHaToMiYHOro obcre-
XKEHHSA Npu ileMiYHOMY iHCYMbTi YacTo BUABMSIOTb-
cs1 TpoMbu B uepebpanbHuX apTepisx, Npu remopa-
rYHOMY IHCYNbTi — O3HAKWM BHYTPILUHBOCYAUHHOIO
3cigaHHa KpoBi (npeTpombu, ¢idpuHOBI Tpombw,
arperauis Tpom6ounTiB, epuTpouunTiB) [2, 6].

OgpHieto 3 HaMBaXXMBILLMX QOYHKLA eHOoTenito €
yyacTb Yy peopraHisauii CyauHHOro pycna LUnsixom
CVYHTE3y aKkTMBaTOopiB Ta iHribiTopiB poCTy CyauH
[15]. EHpoTenin nNpoaykye Taki Ba3oakTUBHI Mone-
Kynu, 9K OKcug asoTy, dhaktop poCTy eHAOoTenito
cyouH (VEGF), daktop pocty ibpobnacTis
(FGFb), koTpi aganTytoTb CyQMHM 00 PiBHSA foKarb-
HOI remoumpkynsauii [24, 32, 35].

Y HopMi B gopocnux nogen eHgoTtenin i rnag-
KOM $130Bi KMiTUHWU CYAWH € MITOTUYHO HEaKTUBHU-
mMu. OgHak, nig BNMBOM MaTOMOrYHNX YMOB, Takux
SK iLuemis, rinokcis, 3ananeHHs, YyTnmBi A0 rinokcit
drakTopu NiABULLYIOTb TPAHCKPUNLIiO FeHiB epuTpo-
noetuHy, VEGF, FGF, eHgoTteniHy-1, NO-cuHTasw,
Lo 3abe3neyyloTb aganTaLito KNiTUH 40 3HMKEHOro
HaOXOMKEHHS KNCHIO, CTUMYIIOHYM aHrioreHes [14,
25]. 3Baxatoun Ha naToreHeTUYHy porb FMOKCii Npu
iHCynbTax, NPOBOAATLCA OOCHIAXKEHHA MeXaHi3miB
aHrioreHe3y npu AaHin natonorii. Ha gymky aeskmx
aBToOpIB, rofioBHI edhekTn drakTopiB poOCTy CyauH Yy
nepiog poBWUTKY illemii Ta nocTilwemidyHoi peabini-
Tauil noB's3aHi 3 iX y4yacTio B KOMMEHCATOPHOMY
aHrioreHesi 1 BiAHOBNEHHI kKonaTtepanbHOI CYyAUHHOI
mepexi [15, 30].

3a OCTaHHi OecAaTuniTTa OTPUMaHO AaHi, 3rigHo
SKUX Mpouec aHrioreHedy B (i3ionoriyHMX ymoBax
NpoxoauTb Kinbka OCHOBHWMX eTanis. Cnoyatky, nig
BMIVBOM aHrioreHHMX (akTopiB, NOCrnabnooTbes
MDKKNITUHHI KOHTaKTW, aKTUBYIOTbCS eHaoTenianbHi
KNiTUHK, SKi 3HaxoOsATbCst B CTaHi cnokowo [5, 14].
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Micna uboro eHpoTeniouUTU MOYUHAKOTb CUHTE3Y-
BaTN (PepMeHTH, Yy TOMY YUCHi MaTPUKCHI MmeTanon-
poteasu (MMP), katencuHu Ta akTBaTopu nnasmi-
HOreHy, KOTPi pYrHYOTb 6a3anbHy membpaHy. 30k-
pema, FGFb, VEGF nocunioloTb eKCrnpecito akTu-
BaTOpiB MNSIa3MiHOreHy YpOKiHas3HOro i TKaHWHHOIO
TMNY, Y Takmi cnocib akTtueyoun PiGPUHOMITUYHY
naHky Ta 6epyunm y4yacTb y MexaHiamax 3cCifaHHs
KpoBi [21, 46]. YHacnigok po3swenneHHs 6inkis no-
3aKMiTMHHOINO MaTPUKCY YTBOPKOKTLCS X hparmeH-
TW, WO MaloTb K NPO- TakK i aHTUAHTIOreHHy aKkTuB-
HicTb. Jlisuc GinkiB NO3akniTMHHOrO MaTpUKCy pery-
neTbea iHribiTopamu npoTteas (iHribiTopu akTnBa-
Topa nnasmiHoreHy). lNMocnabneHHsi KOHTakKTiB Mk
eHgoTenianbHUMK KNiTMHaMu i pyHyBaHHA 6asa-
NbHOT MembpaHu cnpusie HacTyMHin Mirpadii eHgo-
TeniouuTis, LLIO ONocepeaKyeTbCs MONnekynamu ag-
resii Ta iHTerpyHamu. Y noganbLlloMy eHAoTesioun-
TM aKTMBHO nponidepyoTb, Gopmyoun TpybyacTi
CTPYKTYpM, SKi B NoAanbLUOMY NepeTBOPTLCS B
3pini KPOBOHOCHI CYOVHW. MikpocyanHm
006 eHYIOTbCA B 3aranbHy Mepexy, vepe3 KOoTpy
KPOB Ta MOXMBHi PEYOBMHU MOYMHAKTE HAOXOOUTM
0O TKaHWH, KIITUHU SKUX CEeKpeTyBanu aHrioreHHi
dakTopwm [15, 18].

IMicns BUHUKHEHHS iHCYMbTY NPOLIECU HEOBACKY-
nsapusauii HanbinblW iHTEHCMBHO peani3yloTbCa B
30Hi ileMivyHoI “HaniBTiHI". BusiBNeHo, Lo KinbKicTb
nepyunTiB (KNiTUHK, siki 6epyTb yvacTb Y poCTi Ta
pereHepauii CyaAWHHOI CTiHKK), 36inblyeTbCa Ha-
BKOJO BOrHULA iHhapKTy Yyepes Kifibka roguH nicns
noyatky iHcyneTy. Yepes 30-48 roanH BUSIBNAETLCS
nponidgepadis eHgoTenioymTis [2].

Cepepn baraTbox dpakTtopiB pocTy, ski 6epyTb
y4yacTb y perynsidii aHrioreHesy, HanbinbL Baxmu-
BUMU CTUMYNSATOPaMM LbOro npouecy npu iHCynb-
Tax € npegcrtaBHukM cimenctsa FGF, cyanHHUR
eHpoTeniansHUN akTop pocTy, hakTop poCTy re-
naTtoumTiB, TpaHcdopmyrounn dakTop pocty 3, aH-
rionoetnHn 1 i 2. EkcnepuMmeHTanbHO BUSABMEHO
3poctaHHa VEGF, FGFb, aHrionoeTuHy-1 HaBkomo
30HU iHPAPKTY BXEe B MepLUi roanHK nicnsa noyatky
3axBoptoBaHHsA [40]. Ponb UMX YMHHUKIB B aHriore-
Hesi JoBefeHa LUNAXOM iX eK30reHHOro yBeeHHs B
MO30K LUypiB. 30Kkpema, Npu BHYTPILULHBOBEHHOMY
BBegeHHi VEGF, y 30Hi neHymbpu uen unTokKiH 36i-
NbLUYETLCA NPOrpecmBHo 3 apyroi no 14 goby. MNpu
LbOMY NnosiBa HOBUX CyOMH (PIKCYETLCA BXe 3 CbO-
MOro OHs1 micnsa noyatky iHcynbTy. [Nponidepauis
eHJoTenito JOBOAUTBECA BUSABIEHHAM MiABULLLEHOTO
B YOTUPKM pasu piBHA aHTUreHy ¢aktopa Binnebpa-
HOaQ, KOTPUN € cneungivyHMM MapkepoMm eHgoTenio-
umTiB [47]. Wopo daktopa pocty pibpobnacTis,
aocnigxeHo noro TicHy B3aemogito 3 VEGF. lpu
uboMy BBaxaeTbcd, Wo sakwo VEGF ctumynioe
nponidgepadito aHriobnactis, FGF 3abesnevye ix
BWKMBaHHA [36].

Mpy remopariyHOMY iHCYIbTi BUSBNIEHO BUCOKUN
BmicT VEGF i FGF y cybaypanbHivi i cybapaxHoi-
AanbHii rematoMmi Ta BupaxeHy aktuauito MPHK
aHrionoeTunHy 1 i 2 HaBkono Hei [41]. [NosiBa HOBUKX
CyOVH HaBKOSO remaToMu y TBapuH BiA3HaA4Ya€eTbCH
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Ha cbomy Aoby [23].

Bigkputo 1 iHWIi LMTONPOTEKTOPHI BNMBKU hak-
TopiB pocty. VEGF moxe BucTtynatu B poni cakro-
pa BWXMBAHHSA KITITUH LUMAXOM MPUrHIYEHHS anomn-
To3y. MexaHi3m Takoi Aii nongarae B 1Oro BNnuBi Ha
ekcnpecito ibpoHekTuHy, aktuBauito Pl-3K/Akt/Bcl-
2-3anexHoro curHanbHoro wnsxy [29]. Pagom aB-
TOpiB HAaBOAATLCA OaHi Npo CTUMynsuito hakTtopa-
MW POCTY He TiNbKW aHrioreHesy, ane n HemporeHe-
3y, LWASXOM MOCUIEHHSA Mirpauii, pO3MHOXEHHS Ta
BMXMBaHHA HEMpPOHIiB [27]. HenponpoTekTopHa Ais
VEGF niarBepXyeTbCa gaHUMU, 3rigHO SKUX Mic-
LueBe yBeAEeHHsI B rOMOBHUN MO30K LLYPiB CAPUSAIIO
3MEHLUEHHIO po3Mipy iHgapkTy [43].

MpoTe, OkpiM NO3MTMBHUX edeKTiB eHpoTenia-
NbHUX hakTopiB, KOTPi BEPYTL y4acTb B aHrioreHe-
3i, B OKpeMux HaykoBux poboTax BUSBNEHO 1 psa
HeraTMBHUX, KOTPi MOXYTb YCKIagHUTK nepebir 3a-
XBOPIOBAHHS MPU FOCTPUX MOPYLUEHHAX MO3KOBOMO
KpoBOOOiry.

VEGF 3gaTHui nigBuLlyBaTW MPOHUKHICTL CYy-
OvH. 3a pesynbTatamMu ekcnepumMeHTanbHUX AoCHi-
IPKEHb BUSIBIIEHO, WO paHHs akTuBauis VEGF (oo
roOAMHU Yacy Big MepLuMx NposBiB iwWemil) CyTTeBO
30inbllye  MPOHMKHICTL  rematoeHuedarnivyHoro
6ap’epy 6e3nocepenHb0 abo LIMAXOM CTUMYRSLi
nNpoaykuii okcmnay asoTy, ChpuUsiouM BUHUKHEHHIO
Habpsiky MO3Ky Ta 36inbluylouyM po3Mip BOrHuULLA
YpaKeHHs. Y KOHTpnaTeparnbHii niBKyni HiAKMX Mo-
pyLLleHb He Bi3HA4YaeTbCs, WO CBiAYUTL NpO Te, Lo
VEGF BusaBnsie cBii eeKkT TiNbkM B 30HI iweMmil
[45].

Mpwn cybaypanbHii remaTtoMi B LLYpiB Makcuma-
NbHUIN Habpsik MO3KY Big3Ha4yaloTb Ha Apyry Aoby,
L0 Ha AYMKY AesiKuX OOCHiOHUKIB NOB s3aHo 3 dha-
KTOPOM pOCTY €eHOOoTenilo CyauH Ta MorneKkynamu
agresii, KOTpi 3pocTaloTb B Mexax 72 roguH Big no-
YaTKy 3axBOptoBaHHs [42].

[yxe BaxnMemMM hakTOpoM y MexaHiamax aHrio-
reHesy € pynHyBaHHs 6GaszanbHOI membpaHu. Llen
KOMMJIEKCHUA YTBIp, KOTPUK MNIgTPUMYE HenpoBac-
KyNspHUA remocTas, Cknagaetbcsi 3 KonareHy IV
My, cynbaTty renapuHy, NpoTeorfikaHy, famiHiHy
Ta ¢ibpoHekTnHy [8]. NepepaxoBaHi KOMMOHEHTU
aerpagadii MembpaHu BUBINbHAKOTHCS Mig, BNJIMBOM
Takux npoteas, sk akTMBaTop MNasmiHOreHy, mar-
PUKCHi MeTanonpoTeasun. [aHi ocTaHHiX Agocni-
PKeHb NMpOoAEeMOHCTpYBanu, Wo B nepiog i3 apyrol
no 24 roAuHy nicng pos3BuTKY ileMii, nig BNAMBOM
VEGF y rofiloBHOMy MO3Ky aKTUBYHOTbLCS MaTpPUKCHI
meTanonpoteasn MMP-2 ta MMP-9, wo npusso-
ONTb 00 NEPBUMHHUX LiepebpanbHUX remoparin, no-
PYLWEHHS1  NPOHUKHOCTI  remaToeHLedaniyHoro
6ap epy, NOCTILWEMIYHNX penepdy3iiHMX remoparin
[21, 33].
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Pedhepar
PONb 3HOOTENVSA B MATOMEHESE OCTPLIX PACCTPOVCTB MO3IrOBOIrO KPOBOOEBPALLEHUA
Bowkus H.1.
KnioueBble cnoBa: NWEeMUYECKUi MHCYNbT, FreMopparnyeckuin UHCYnbT, SHOOTENUNA.

B cTaTbe oTpaxeHbl OCHOBHbIE (PYHKLUN SHAOTENUSA U POMfb UX HapyLUEeHU B nNaTtoreHese OCTPpbIX pac-
CTPOMCTB MO3roBOro kpoBoobpalyeHusi. MI3BeCcTHO, YTO 3HAOTENUN COCynoB B OU3MONOrMYECKNX YCITOBUSIX
NpoTMBOAENCTBYET Ba3ocna3My M BHYTPUCOCYAUCTOMY CBEPTbIBaHMIO KPoBUW. [Mpn OCTpbIX pacCcTponcTBax
MO3roBOro KpoBooOpalleHuss HabnogaeTcs CTPYKTYpHOEe U (pyHKUMOHANbHOE MOBPEXAEHWEe COCYANCTOM
CTEHKM C HapylleHueM BasoaunaTaTopHbIX, aHTUarperaHTHbIX, aHTUKOarynsiHTHbIX CBOWCTB 9SHAOTEMNMUS.
HapyleHusa ToHyca cocyauCTON CTEHKU U PEONormyeckux CBOMCTB KPOBU YXYALIAIOT MUKPOLMPKYNALUIO BO-
Kpyr oyara nopaxeHusi, ycunmsas nwemuto. C Apyron CTOPOHbLI, B OTBET Ha NOBPEXAEHME, ULLIEMUIO U TUMO-
KCWUIO 9HOOTenui cnocobeH CUMHTE3UpoBaTb (PaKTOpbl, KOTOPbIE MPMHUMAOT y4acTMe B ero pereHepauuu.
lMoHMMaHWe 3TUX CMIOXHbIX MEXaHW3MOB NO3BOMUT YCOBEPLUEHCTBOBATbL ANArHOCTUKY U NieYeHne MHCYNbTa.

Summary
THE ROLE OF ENDOTHELIUM IN PATHOGENESIS OF ACUTE CEREBRAL CIRCULATION
Boykiv N.D.
Keywords: ischemic stroke, hemorragic stroke, endothelium.

This article focuses on the basic functions of the endothelium and the role of their abnormalities in the
pathogenesis of the acute cerebral circulation disorders.

Endothelial functions are to maintain vascular tone and structure; regulate pro- and anticoagulant, fibrino-
Iytic properties of blood; regulate the adhesion of leukocytes and platelets on its surface; generate the fac-
tors promoting the growth of blood vessels and their inhibitors.

According to the modern views the most important role in vasodilatation is taken by the nitric oxide (NO).
When exposed to various damaging factors the ability of endothelium to synthesize the nitric oxide is re-
duced, while the formation of vasoconstrictive factors persists or even increases that is the state which is de-
fined as endothelial dysfunction is being formed. Endothelial dysfunction due to abnormality of NO synthesis
is considered one of the causes of ischemic stroke; the pathogenetic role of abnormality of NO production in
the occurrence of vasospasm and secondary ischemia in subarachnoid hemorrhages has been investigated.
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On the other hand, the hyperproduction of nitric oxide due to increased activity of INOS and formation of its
compounds with active oxygen forms leads to the accumulation of free radicals and cell death through ne-
crosis and apoptosis in ischemic brain tissue in the acute phase of ischemic stroke development, contributes
to brain edema in mice with intracerebral hematoma.

An important function of endothelium is the regulation of pro- and anticoagulant, and fibrinolytic properties
of blood. With the damaged endothelium and bare subendothelial structures the permeability of its basal
membrane increases, the vascular-platelet hemostasis is activated and the stimulated endothelial cells de-
velop the procoagulant potential. All this entails the changes in the rheological properties of blood, impaired
microcirculation and enhanced effects of ischemia and hypoxia in the tissues. It has been found out that
hemorheological and hemostatic alterations take place in all pathogenic subtypes of ischemic stroke, as well
as in patients with hemorrhagic stroke.

One of the most important functions of the endothelium is its involvement in the reorganization of the
bloodstream through the synthesis of activators and inhibitors of the growth of blood vessels. Naturally endo-
thelium and smooth muscular cells of vessels are mitotically inactive in adults. However, under the influence
of pathological conditions such as ischemia, hypoxia, inflammation the transcription of erythropoietin genes,
vascular endothelial growth factor (VEGF), fibroblast growth factor (FGF), endothelin-1, NO synthase, ensur-
ing the adaptation of cells to low oxygen by stimulating angiogenesis is increased. Taken into account the
pathogenic role of hypoxia in strokes, the mechanisms of angiogenesis under this pathological condition are
being studied.

According to some authors, the positive effects of vessel growth factors during ischemia development and
postischemic rehabilitation are associated with their participation in compensatory angiogenesis and
recovery of collateral vasculature. A number of authors provides data that growth factors stimulate not only
angiogenesis but also neurogenesis by means of increasing migration, reproduction and survival of neurons.

However, besides the positive effects of angiogenic endothelial factors, some scientific papers point to a
series of adverse effects that may complicate the course of disease in acute cerebrovascular accidents. In
particular, under certain conditions, activation of VEGF synthesis may contribute to inadequate permeability
of the hematoencephalic barrier, development of cerebral edema, primary cerebral hemorrhages, postis-
chemic reperfusion hemorrhage.

YOK 616.24-002+615
BaxHeHKo A.B.

NEPCNEKTUBA BUSHAYEHHSA PIBHA OKCUAY A30TY Y BUANXYBAHOMY
MOBITPI NP 3AXBOPHOBAHHAX JIEF'EHIB

BOH3Y «YkpaiHcbka meanyHa ctomaTonoriyHa akagemis», m. MNonTtasa

Y cmammi gidobpaxeHi cyqacHi yseneHHsi rnpo bionoaidyHy posb okcudy azomy, KiiHIYHOI 3Hadyyuwocmi eu-
3Ha4YeHHs1 020 pieHs y suduxysaHoMy noeimpi Ot diaezHOCMUKU ma MOHIMOpPUHay anepaiyHo20 3anareHHs
QuxanbHux wnsxie. [JocnidxeHHs: ocmaHHiX pokig ceiddamb rpo Haleaxrusiwy 6iono2idHy posb MOMeKysn
okcudy asomy, siKi gucmynarome 8 opaaHi3mMi meapuH i MoOUHU 8 sikocmi medGiamopa. Y daHul Yyac 8u3Ha-
YeHHs1 emicmy okcudy a3zomy y suOuxysaHOMYy noeimpi 8eaxkaromb Halbinbw paHHiM i 00CMO8IPHUM MapKe-
pOM 3aranieHHs1 duxanbHux wiisixie. [Jo moeo x cama ripouedypa 8uMiprosaHHs pieHs okcudy asomy y eudu-
XyeaHoOMy rogimpi € HeiHea3ugHO, b6e3rneyHor, /ieeko 8idmeopoembscsi y nauieHmie 6ydb-sIKo20 8iKy i He
suMazae seflukux MamepianbHUXx eumpam. Bce ue smywye 3 iwe binbworo yga2oro nocmasumucs 00 3'scy-
8aHHS KITiIHIYHOI 3Ha4yuw,ocmi 8U3HaqYeHHs pigHs okcudy asomy y suduxysaHoMy rnosimpi 8 ryibMOoHOIozil.

KnioyoBi crioBa: okcua a3oTy, 3axXBOplOBaHHSA BPOHXONEereHeBoi CUCTEMU, KOMMITAeHC, HPOHXOPO3LLMPIOIYNIA HEMPOTPaHCMITEP.

Y cTaTTi BigobpaxeHi cyvacHi ysaBneHHsi npo 6i-
OIOriYHYy pornb oKcuay asoTy, KNiHIYHOT 3HaYyLLOCTi
BM3HAYEeHHS WOro piBHA Yy BMAUXYBaAHOMY MNOBITPI
ONna OiarHOCTUKM Ta MOHITOPUHIY anepriyHoro 3a-
naneHHs auxansbHux wnsaxis. Ocobnuee Micue Big-
BOANTLCSA BU3HAYEHHIO PiBHA BUANXYBAHOrO OKCUAY
a30TYy B SIKOCTi HeiHBa3MBHOIO, MPOCTOro i HaginHo-
ro cnocoby KOHTPOM aKTUBHOCTI BPOHXianbHOI ac-
TMM Ta XPOHIYHOro OBCTPYKTUBHOIO 3aXBOPIOBAHHSA
nereHb, OLIHKM edeKTUBHOCTI pi3HMX crnocobis Te-
panii uux 3axeBoptoBaHb. BUCBITNIOTLCA MUTAHHS
BOOCKOHAamNeHHs Ta cTaHaapTtuaalil camoro metoay
OOCHIIKEHHS, TPAaKTYyBaHHA OOEPXYBaHUX OAHWUX B
3iCTaBMEHHI 3 KMiHiYHMMK nposiBamMun. [JocnigXeHHs
OCTaHHIX pOoKiB CBig4YaTb MPO HanmBaXnmMBily Giono-
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riyHy ponb mornekyn okeugy asoty (NO), Buctyna-
HOUMX B OpraHiami TBapuH i nNoanHN B AKOCTI Mefia-
Topa. Okcup asoTy — NeTouni ras, 3'eAHaHHs aso-
TY 3 KUCHEM, sike BUSBMSETLCS Y NOBITPI B KOHLIEHT-
pauii Big 1 go 600 ppb (1 ppb — ogHa YacTuHka ra-
3y Ha Minbspa YacTUHOK NOBITPS). Xo4a eMnipuyHo
JoHaTopaMu OKcuAay a3oTy KOPUCTYKTbCS B Meau-
LMHI BXe noHan cTtonittda (3 1879 p. BMKOPUCTOBY-
BaBCsl HITpOrniuepuH Ans nikyBaHHA CTeHOKapAii),
TiINbKM B OCT@HHE OECATUNITTA CTanu ACHIlWNMKU Me-
XaHi3MM y4yacTi Uboro 3'eqHaHHs y baraTbox isio-
noriyHmx i natodisionorivyHmnx npouecax B BinbLuoc-
Ti CUCTEM OpraHi3aMy: CepLeBO-CYAVHHIN (perynsuis
TOHYCY | CTPYKTYPU CYOAMH, aHTUTPOMOOTMYHA Ais),
auxanbHin (bpoHxoposLuupiooda  [is), HepBOBIn
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