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AxTyanbHicTh. [TuTanHs cucTeMaru3aii Ta YTOUHSHHs Cy4acHHX KOHIICTIIN nartoreHe3y eHaotemianphoi aucdynkuii (EAP) ta
pouti ii B po3BUTKY MiKpOCYAMHHHUX YCKJIAJHEHb IykpoBoro piabery 2 tTumy(LlJI2T) € akTyansHuM y 3B’S3Ky 3 BiACYTHICTIO Ha ChO-
TOHINIHIH IeHb NaTOreHETHYHOTO JIIKYBaHHA, sIKe O BpaXOBYBaJIo CHAOTEIIaNbHY TUCQYHKILIO.

Merta: IpoBeCTH aHAJITUYHUH OTJIAN Pe3yNbTaTiB HAYKOBHX JOCIIKEHb, IPHCBIYCHUX BUBUCHHIO MexaHi3MiB EJI® npn LIJ12T,
3 METOIO 3aIPOIIOHYBATH iHTETpalbHY Cy4acHy KOHIemIifo naroreHesy EJ[D.

Marepiann Ta metoau. Orisag HayKOBHUX IyOJiKaliii B MDKHApOJHUX €JIEKTPOHHHX HayKOMETpHYHHX Oa3zax naHux PubMed,
Embase i Scopus 3a kio4oBuMu ciioBamu 3a 15 pokis (2005-2019 pp).

PesyabTaTn. Y cTaTTi HaBeCHI Cy4acHi JaHi MOJ0 cy4acHOi KoHmenuii naroreHesy EJI® Ta 11 poni y po3BUTKY MiKpOCYAUHHHX
yekinagHens npu LIJI2T. V ocHosi natorene3y EJI® npu nmykpoBoMy piaGeTi 2 THITy JiexaTh HACTYIIHI KJIFOUOBi MEXaHI3MHU: OPYILICH-
HS CHHTE3Y eHJoTemianbHol ¢pakmii okcumy a3ory NO 3a paxyHOK TaJlbMyBaHHS aKTUBHOCTI eHporenianbHoi NO-cunTasu (eNOS);
3HMKeHHs OiogoctynHocTi NO Ha TJIi OKHCITIOBAIBHOTO CTPECY, aKTHBAIlisl YTBOPEHHS €HIOTENiHy-1 1 eKCIIpecist eHIOTETHOBUX pe-
LENTOPIB 3 MEPEBKaHHIM Ba30KOHCTPHUKIIIT; 3aIlaleHHs, 0 MiITPUMY€EThCS CHHTE30M MPO3aNaIbHAX IIUTOKIHIB 1 BUKIUKAE EKCIpe-
cito ingynu6ensHoi NO-CHHTa3H, sIKa CTUMYIIOE CHHTE3 3Ha4HOI KimbkocTi NO, BCTyIaro4oro y BiUIbHOpPaJUKANbHI PEaKIil 3 yTBO-

PCHHSM HUTOTOKCHYHUX HpOI[yKTiB.

BucHoBku. [Tatorenes ennorenianbHoi AucyHKINT MosArae B HOPYIICHHI CHHTE3y OKCUAY a30Ty. EHnoTenmianbHa quchyHKIis,
SK IHTErpaNbHUIl MEXaHi3M, JIEXUTh B OCHOBI PO3BUTKY CyJHHHUX yCKJIaJHEHb IIPU IIyKPOBOMY AiabeTi 2 Tuimy.
Korouosi ciioBa: mykpoBuii qiabet 2 THIy, eHIOTENIH, eHAOTeTanbHa JUCYHKIIS, MIKPO- Ta MAaKpOBACKYJISPHI YCKIATHCHHS

AktyaabHicTb. Llykposuii niadet (II/]) — Gararo-
(akTopHE 3aXBOPIOBAHHS, K€ XapaKTEPU3YETHCS Tirep-
TIIIKEMi€l0, TIOPYIIEHHSIM BUPOOJICHHS 1HCYIIIHY, pPO3-
BUTKOM YCKJIIAJHEHb Ta TaKOX Ma€ BHUPAXKCHUN
eMiIeMIYHIH XapaKTep MOMUPEHHS. 3TiIHO TOCTIIKCHb
InternationalDiabetesFederation (IDF), y 2017 p. B cBiti
Oymo 3apeectpoBaHo moHan 425 miH. xBopux Ha L[/
[Tporao3yetscst 3poctanHs ix KinbkocTi 10 2045 p. Ha
48%, mo 629 mun. xBopux. [IpoGnema 111 noB’s13ana He
TUTBKU 3 OIMPOKHM PO3MOBCIOKEHHSAM 3aXBOPIOBAHHS,
aie 1 3 BUCOKOIo cMmepTHicTio. Y 2017 roxy Ginsbko 4
MJIH. TIOMEPJIHX B CBiTi OyJI0 MOB’s13aHO O€3MoCcepeTHbO
3 . Ipo6nemy 111 poOuTs 111e OLTBIT aKTyaThHOIO BH-
COKHH BIJICOTOK HEIIarHOCTOBAHOTO Aia0ery, KU cTa-
HoBUTH Bin 30% 10 80% Bix milicHO xBopuX [12].

VY €spomi B 2017 p. Oyno 3apeecTpoBaHo 58 MIIH.
marmieHTiB, xopux Ha L{/I, BKIIIO9at0un HEI1arHOCTOBAHI
Bunaaku (22 muH.). Ilomepno Bix giadery B €Bponeics-
KoMy perioHi monan 477 tuc. xsopux. Jlo 2045 p. mpo-
THO3YETBCS 3pOCTAHHS 3araibHOi KIIBKOCTI XBOPUX Ha
16%, o 67 muiH. Cxoxa TEHJIEHIIisl CIIOCTEPITaeThCs 1 B
VYxpaini. ¥ 2017 p. 3apeectpoBano 2 MiH. 836 THC. XBO-
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pux. 3 HemiarHOcTOBaHUM aiabetoMm — 1 miH. 153 TuC.
KimpkicTs BUmaaKiB cMepTi Big miadbery — 41,5 tuc [12].

HaiiGinb yacto 3ycrpivaerses LIJ12 Tumy (L[A2T),
MOMIHUPEHICTh AKOTo csarae 90% Bix 3araabHOTO YHCITA
xBopux Ha aiader. lns LIJI2T, kpim nopyiueHb, 1MoB’s-
3aHHX 13 CEKPEIi€l0 1HCYIiHY, XapaKTepHUM € (peHOMEH
IHCYJIIHOPE3UCTEHTHOCTI Ta MPHUXOBaHUI mepedir 3
TPUBAINM IEPIOZOM YSBHOTO OJIaronoiryyys, KOJIU 3ax-
BOpIOBaHHS OyBae HemiarHocToBaHUM [1].

B VYxkpaini nomupenicts L{J[2T cranoBuTh noHan
85% Bin 3aranpHOi KimbKocTi xBopux Ha LIJ]. ITpu mpo-
My Horo ¢akTHYHa MOMINPEHICTh MOXKE MTEPEBUIILYBATH
CTaTUCTUYHY OLIbIN HiX B 2 pasu [12].

Kuninigai nmposiBM ycKIagHEHb, SKi 3MYIIYIOThH
namieHTiB, xBopux Ha LIJI2T, 3BepHyTHCS B JIIKyBaJIbHI
YCTaHOBH, SIK TPABUIIO, TTOB’A3aHI 31 CTIHKOIO XpOHIY-
HOT TillepriIiKeMi€lo i HOCATh BaXKKi MEJHMYHI Ta CO-
uianbHi HachHiaku. Ha MOMEHT J1arHOCTHUKHU CIIPaBXKHS
TPUBAIICTh 3aXBOPIOBAHHS MOXE CTaHOBUTH 7-12
pokiB. V 11eii yac MaHipecTyrOTh KIIiHIYHI TPOSIBH, I10-
B’s3aHI 3 MIKPOCYANHHUMH 1 MaKpoCyIMHHUMHU [5] yc-
KJIaTHEHHSIMHU.
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Po3BHUTOK ycKIIaJHEHb TICHO MOB’sI3aHUI 3 OCHOB-
HuMu ¢akropamu L[JI2T: takumu, sk rimepriaikemis,
IHCYJIIHOPE3UCTEHTHICTh Ta OKCHIATUBHUH cTpec. Y
TOIf K€ Yac MPOBIJHY POJIb B MATOr€HE31 CyIMHHUX YC-
KJIaTHeHb BiJIIrparoTh MOPYIIeHHs (YHKIIi eHI0TeNito —
eHoTemanbHa TucyHKIis [6].

Enporeniit — 6i010TiYHO aKTUBHUIA MOHOIIUTAPHUMA
1rap Ha KOPJOHI KPOBi 1 CyTMHHOT CTIHKH, SKHH BHKO-
Hye 0e3ii4 QyHKIIH, BKIOYAYH PETYISIII0 TOHYCY
CYJIVHHOI CTIHKH, iX MPOHMUKHOCTI, PEOJIOT1YHUX BJIAC-
THBOCTEH KPOBI 1 reMocTa3y, KIITUHHOI ajresii, mpo-
nmigepamii KIITHH CYIHH, aKTHUBAIil TPOMOOLHTIB,
¢bi06puHOMIzY 1 3ananbHux peakuiil. CBoto (QyHKIiO eH-
JOTEeNil BUKOHYE 3aBISKH MPOXYKLIT HU3KU PETYIATOP-
Hux mexaiatopis: NO, enporeniny 1 (ET1), mpocra-
HO1JIB (ITPOCTALMKIIIHY 1 TPOMOOKCAHY), aHTIOTEH3UHY
II, TkaHMHHOMY aKTHBATOpy IasMmiHoreHy (t-PA),
iHri0iTopy akTHBaropa miuasmiHoreny (PAI-1), paxro-
py vonWillebrand (vWF), monexyxn agresii (ICAM-1,
VCAM-1, E-cenexruH, P-cenekTuH Ta iH.), IIUTOKIHIB
(iarepnekinu (IL) 1, 6, 4, 10, TNF6 Ta iH.), akTHBHUX
¢dopm kucuo (ROS) Ta azory (RNS), sixi MaroTh 0HO-
HanpsiMiIeHi abo pizHocnpsiMoBaHi edekru [22, 23].

OCHOBHI MeXaHi3MH{ PETYJISILii CyINHHOTO TOHYCY B
¢izionoriunux ymoBax i npu EJI® 300paxeHni Ha pu-
CYHKY.

bnakutHUM KOIBOPOM 300paXkeHi OCHOBHI MeiaTo-
pu eHpoTenianbHOl QyHKIT, IO BIAIrpalTh MPOBIIHY
POJIb y PETYIAIii CYyTIUHHOTO TOHYCY B (Pi310JIOTITHUX
yMoBax, 4yepBoHuM — npu E/I®D B ymoBax narouorii.

OyHKIIIS eHI0TEeNiI0 y (Pi3i0I0TiYHOMY CTaHi OB’ sI-
3aHa 3 mpoayKyBaHHsIM NO i MpOCTAIMKIIIHY 1 CIIPSIMO-
BaHa Ha 3HIDKEHHS CYAWHHOTO TOHYCY, OOMEXEHHS 3a-
MaJbHUX PpEaKIii 3a paxyHOK 3HIDKEHHS anresii
JIEHKOLUTIB, 30epeKeHHsI aIeKBaTHOI IIPOHUKHOCTI CY-
IUH JUIST MAKPOMOJICKYII i KIIITHH KPOBi, iHTi10yBaHHSA
aaresii i arperanii TpoMOOLUTIB, a TAaKOX — Ha oOMe-
JKEHHS aKTHBAIll KOaryJsliiHUX MEeXaHi3MiB B Kacka-
Jax B3aemMofiid TpombomMonyiin/mporein C, remapun/
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AHTUTPOMOIH 1 IIa3MiHOTEH/TUIA3MiH Ta PETYIALII0
(ibpuHoMizy 3a paxyHok cunresy t-PA i PAI-1 [13].

EnnorenianpHa KIiTHHA KOHCTUTYTUBHO IIPOAYKYE
NO 3 L-aprininy 3a paxyHok ¢epmenry eNOS, sika j1o-
KaJi30BaHa Ha KJIITHHHIH MeMOpaHi 1 3aJIeKUTh BiJ
KaJbLi0 1 KaJbMOYJIiHY, B IPUCYTHOCTI KHCHIO, KO-
(hakTOpiB: HIKOTHHAMII-aJCHUH-TIHYKICOTUA-PochaTy
(NADPH); 5,6,7,8-tetparigpobiontepuny (BH4); ¢ua-
BIHMOHOHYKJIEOTHAY/QiIaBiHAICHIHAUHYKICOTUIY 1
riytationy. Perymsuis aktuBHocTi eNOS 3/1iHCHIOETD-
sl 32 paxyHOK HalpyTH 3CYBY €HJOTEIiI0, TeHEpOBaHO-
To KPOBOTOKOM 1 Iif HA €HIOTEMaIbHI PEICITOPH Ta-
KHX JITaHIIB, SK alleTHIXOIiH, OpaauKiHiH, CEPOTOHIH,
pedoBuHa P, agenos3un tomo [19].

NO, sikuii yTBOPIOETHCS TAKMM YHMHOM B MIKOMOJISIP-
HUX KOHIIEHTPALIsX, € JINO(pLIEHOIO MOJIEKYJIOHO 1 JieT-
Ko au(yHIye Yepe3 KIITHHHI MeMOpaHU y MIOIMTH, JIe
3B’SI3y€ThCS TYAHUTATIUKIIA30I0 3 YTBOPEHHSIM LUKIIIY-
HOro ryaHo3iaMoHodocdary (¢cGMP), skuii onocepen-
KOBYE CBiil MeCEHXepHHH e(eKT 3a JOMOMOI0I CIie-
nudivaoi mpoTreiHKiHA3M, BUKIWKAIOYM 3HIDKCHHS
piBHs BinpHOro Ca?" y MionuTax, 1o iHIiI[iI0€ CyTHHHY
qunaranito. He3p’si3aHHMH 3 TyaHIIATIMKIIA3010 HAIIH-
ok NO miciist nudy3ii y KpOBOTIK iHAKTUBYETHCS Te-
MOTJIO0iHOM Ta/abo BCTYIAE y PeakIiito 3 CynepoKcuaa-
Hionom (0O,"). OcTanni peakitii y disionoriunux ymopax
MPOTIKAIOTh 3 MAJIOI0 IHTEHCUBHICTIO 1 HE 37]aTHI BUK-
JIUKATH TUTOTOKCUYHUN epekT RNS.

[Marorenernuni ¢pakropu L[JA2T npurHiuymTh aK-
tuBHIicTE eNOS. V Toit ke 4Jac, Taki areHTH, K Meia-
TOPH 3amajieHHs, CHAOTOKCHUHH, IUTOKIHH, TIMOKCis,
TimepriikeMis Ta iHII eKCHPEeCyIOTh TPAaHCKPHIIIIIO
iHIynuOepbHOICHHTa3u okcuay asoty (iNOS), ska jo-
KaJli30BaHa y €HJOTEII] i € He3aJeKHOI BiJ KaJIBIIIO
po3uunHOW0 i30popmoro dpepmenty. [i akTuBHiCTH B
HOPMaJIPHUX YMOBAaX MPAKTHYHO HE BU3HAYAETHCS [8].

Kinpkicte NO, 1o yTBOPIOETHCS MiJl BIUIMBOM
iNOS, MoXe IocsraTi HAaHOMOJIIPHUX 3Ha4YeHb. Bera-
HOBIIEHO, IO s (pakmis NO Bimirpae BUpimaabHy
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poib B yrBopeHHi RNS — UTOTOKCHYHOTO HEPOKCIHIT-
puty, BcTynatouu B peaxiiio 3 O,". xepenom miasu-
meHoi konuenTpanii O, € miToxonapii. Ilatonorivni
YMOBH BUKJIMKAIOTh MTOPYIISHHS (YHKLIIOHYBaHHS (ep-
MEHTIB JUXaThHOTO JAHIIOTa MITOXOHJIPIH 1 38 y4acTIO
kcaHTUHOKcHa3u abo NADP-okcuaasu cTBOPIOIOTH
yMOBH s yTBOpeHHsA KoMoHeHTiB ROS. Hanmumi-
KoBi KinbkocTi O," 31aTHI BeTynatu B peakiiio 3 NO,
10 MepeIIKoKae Horo audy3ii B KINITHHU TNaJeHbKUX
M’SI31B CYZMH 1 THM caMHM OOMeXye ioro ¢izionoria-
Huit edext. BBaxkaroTs, o BrpaTta GiogoctynHocti NO
Ha Tii nigsummenoi nmpoxykmii RNS Ta 3HmxeHHs 6i0-
CUHTE3y €HJOTeiaNnbHOI Qpakiii razy, € KIY0OBUMHU
nmaHkamu natoreHesy EJI® [7].

[Ile onniero BaxmuBoo NaHkoo EJ[® e HasBHICTH
JUCOaNaHCy MK PEryJISTOPHUMHU CHCTEMaMH €HI0Te-
Jit0. Y MaToJOTIYHUX yMOBaxX IepeBa)karoTh Ba30KOH-
CTPUKTOPHI YMHHUKH, Taki sk ET1, anrioren3un 11, i
TpoMOOKCaH, [0 MPU3BOIUTH 10 PO3BUTKY CYIUHHOTO
cria3mMy, akTHBAIlil TPOMOOIUTIB, aare3ii JCHKOIHTIB,
MOPYIIEHHS KOAryJsiii, 3anajbHUX peakiiii Cy IMHHOT
CTIHKH, IPUCKOPEHHIO aTepOCKICPOTUYHHX TPOIIECIB
Ta TpoMOoyTBOpeHHs [13].

HaiiBaxxnusimmuii 3 aux — ET1 — € mominentuaoMm 3
21 aMiHOKHCIOTHOTO 3aJIUMIKYy, MOJICKYJIIPHOI Macoi0
2492 J1. ET1 yrBoproerbes 3 Benukoro ET1 (39 amino-
KHCJIOTHUX 3aJIUIIKIB) MOOJIN3Yy MEMOpaH €HI0Teiab-
HUX KIITHUH 32 y4acTI0 €HJO0TENiH-KOHBEPTYIYOTO
¢depmenty (ECE). Benuknit ET1 BupobnseTscst enmo-
TEJIEM 3 MONEePeTHUKA — IPENPOCHI0TENIHA MIITXOM
BiAIIeINIeHHs onironenTuaHuX ¢pparmeHtis. Jo dak-
TOPiB, AKi EKCIPECYIOTh KacKaJ| peakliil yTBOpeHHS
ET1, BimHOCsATBCA TiNOKCis, imemist, crpec. Taki mezia-
TOpH, SIK aJpEHANiH, Ba3OIPECHH, aHTioTeH3HH lI,
TpoMOiH, nuTokinu, ROS, a Tako cuiia HalpyTrH 3CyBY
EH/IOTEli0, TaKOK CTUMYMor0Th cuHTe3 ET1. THTibiTo-
pamu yrBopenHst ET1 € NO, npocranukiiz, HaTpidype-
TUYHMIA TenTun Ta i [22].

ET1 peanizye cBoi eexTn depes aBa BUAM pELEI-
topiB: Tuty A (ETa) i Tuny B (ETb). O0uaBa peuenro-
pH JOKai30BaHi Ha MeMOpaHax TTMAAKUX M s3iB CyIUH,
noB’si3aHi 3 Gq-NpoTeiHOM, KU Jli€ Yepe3 aKTUBAIII0
¢docdoninazu C. Ocranus rigpoiizyedocarununino-
suton (PIP2) 3 yTBOpeHHSIM BTOPHHHHX MECEHKEPiBi-
nosuroarpudochary (IP3) i mianmnrminepona (DAG).
i MmeniaTopu MOAYIIOIOTH KaNbIIi€BI KaHATU CHIOTI-
JIa3MaTUYHOTO PETHKYIyMy i npotein C i perynaoTh
BuBigbHEeHHS Ca’’ B IUTOIUIA3My KIIITHH, IO MPHU3BO-
JUTH 10 CKOPOUCHHS M SI30BUX BOJIOKOH. BcTaHoBneHO,
mo ETb kpim MionuTiB CyTMHHOI CTIHKH, TaKOXX €KCII-
pecyeTbcs Ha MeMOpaHax €HAOTeNiaJbHUX KIITHH.
Voro dyHKIis onocepeKoByeThes Yepes aKTHBI3allio
NOS3 i 36inbpmeHHs eHA0TeIanbHOT Tpoaykilii NO,
10 BUKJIMKAE Ba3oamiIaTaIlifo [4].

BigminzoCTI B mokamizanii penentopis ET1 00y-
MOBIIIOIOTH JH(pepeHIifioBaHy BiAMOBI/b, KA 3aIE€KHUTh
Bin kouneHTparii ET1. HeBucoka xoHIEHTpais peai-
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3y€ pellakcalilo CyJuH NapaKpUHHUM IUIIXOM 4epe3
BB Ha ETb. Brucoka KOHIICHTpAIlisl aKTUBY€E PELIEHTO-
pu ETa i ETb Ha kiiTHHAX TJIacHbKUX M A3iB, 1, K pe-
3yIbTaT, IPU3BOJUTH 0 CYJIMHHOIO Cria3Mmy. SIK mpaBu-
JI0, TIATOJIOTIYHI CTAHN CYIPOBOKYIOTHCSI aKTHBALIIEI0
cunte3y ET1 3 mepeBakaHHsIM peakiliii Ba30KOHCT-
PUKIi1, HOPYIIEHHSIM MIKPOIUPKYJIALIT 1 aKTUBi3ali€lo
BCix (ha3 TpoMOOYTBOpEHHS. BakIMBOIO BIACTHBICTIO
ETI1 e ctumynsmist mpo3anaibHUX e(PexTiB y cyamHax
LUITXOM €KCTIpecii MOJIEeKyJ aare3ii CyIMHHUX KIITHH
(VCAM1) i mixkmituaaOi anresii (ICAMI1), a Takox
IUKJIOOKCcirenasu-2 [19].

AKTHBAIIiS MPO3anajbHuX e(PEeKTIB eHIOTENII0 € IS
OJIHi€I0 BXIINBOIO JIaHKOI0 EJI® 1 TicCHUM YHHOM TI0-
B’si3aHA 3 BUPOOKOIO IIUTOKIHIB, MPOBIIHY POJIb CEPE
skux rpae TNF6. Pazom 3 IL1B i IL6 TNFO BimHOCHTSH-
csl 10 po3anajJbHUX MENIaTOPiB i € MENTUAOM 3 MoJIe-
KyssipHOi Macoro 18 k], sikuit yTBOPIOETHCA B MOHOIIH-
Tax, Makpodarax, €HIOTEIIOIMUTaX 1 TIaIeHBKUX
M’SI30BHX KIJIITHHAX Ta MAa€ IIUTOTOKCUYHY aKTHBHICTb.
[pu EJJ® TNFO6 aktuBizye makpodaru, miacumtoe
MITpariro JeHKOIHUTIB, EKCIPECYE MOJICKYJIH anaresii i
cuHTe3 npocrarnanauniB ta IL6, aktuBye ROS. Haii-
BaXnuBimmM mnaroioriyauM edexktom TNFO €
3matHicTh ctumyitoBatd iNOS, BUKITUKAIOUU TIPH 1HO-
My HaanumkoBuil cuate3 NO ¢ mojaigpIiuM yTBOPEH-
HSM IIUTOTOKCHYHHUX KoMItoHeHTiB RNS [17].

VY ¢izionoriuHux yMOBax TIFOK03a METabO0II3y€eThCs
B OCHOBHOMY 4epe3 TJIiKO0Ji3. 301IbIIeHHS BHY TPIlIHb-
OKIIITHHHOT KOHLIEHTpAIli{ TJIFOKO3H TPU3BOJUTH JIO aK-
THUBAIlil HACTYITHUX MATOJIOTIYHUX MIISAXiB, 0 BEIyTh
JIO TIOIIKO/PKEHHSI €HJIOTEIII0: MOTI0JI0OBOTO (aKTHBI3aLlis
AIIBIOPEYKTa31 1 COPOITONACTIPOreHas3! 3 YTBOPEHHIM
LHUTOTOKCHUYHOTO COpPOiTOITY); TeKCO3aMiHOBOTO (yTH-
nizauis Gppykro3aminy-6-pocdary 1o ypuauH-gipoc-
¢aT-N-aneTHITIIIOKO3aMiH 3 MOIYJISIIEI0 TPAHCKPHUTI-
niiHoro ¢akropa NF-kB); cunrtesy nporeinkinazu-C
(PKC); yTBOpeHHIO KiHIIEBUX MPONYKTIiB TIiKyBAHHS
(AGE) [2].

lNimepriaikeMist TaKOX TPU3BOIUTE A0 301IbIICHHS
MitoxoHpiansHOI poxykiii ROS musxom PKC-akTu-
Banii NADP-3anexHoi okcunasu. Moaymsanis NF-kB
Ha T TiepriIikeMii, OIocepeIKOBYE 3amaibHi peakmii
CyIlUH, 301IBIIYIOYH MPOAYKIIIO LIUTOKIHIB, MOJIEKYJ
aaresii i akTuByloun makpodaru B cTiHII cynuH. JJo
THX ke edeKTiB nmpu3BoauTh yreopeHus AGE 3 mo-
JAIBIIUM IX PELENTOPHUM 3B’3yBaHHSAM pELENTOpaMu
1m0 AGE (RAGE). Kpim Toro, AGE 3HWXKYIOTH eKcIpe-
cito eNOS i cunre3 NO i nigBuiyroTts ekcnpecio ET1.
BcranosieHo, 110 OiIbII MIKIIMBY IiI0 MatOTh BHCOKI
KOJIMBAHHSI PIBHIB TJIOKO3H, HIXK MOCTIHHA TinepriIi-
kemis [3].

KirrouoBoro ocobnusictio LIJA2T € incynmiHOpe3nc-
TEHTHICTB, SIKa XapaKTEePU3Y€EThCSI 3HUKEHHSIM 3]1aT-
HOCTI IHCYJIIHY CTUMYJIIOBATH 3aCBOEHHS TJIIOKO3H.
[HCYTiHOpE3NCTEHTHICTD, SK NMPaBUIO, BUHHKAE 3a
KiJIbKa POKIB IO KIJIIHIYHUX MPOSIBIB TinepriikeMii ta
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niabety. CUrHaJbHI IUISIXH 1HCYJIHY BKIIOYalOTh (oc-
¢doinozutua-3-kinazamii (PI3K) nursax, BignoBigansHAN
3a MeTabosiyHi e(eKTH 1HCYINiHY, Ta MITOT€H-aKTHBO-
Banuit nporeinkinazuuit (MAPK) nuisx, sikuit BUKOpH-
CTOBYETBCS JUIS PETYJISMii ekcrpecii reHis, qudepenti-
I0BaHHs 1 3pocTaHHs KiiTuH. Yepes PI3K-3anexuuit
nursix iHcyniH ctumymioe eNOS 1 yrBopenns NO.
MAPK-3anexHuii nUIsx BIIMBaEe Ha cekpelliro ET1.
[HCcynmiHOpe3nucTeHTHICTh BUKINKae nopymenas PI3K-
3aJIE)KHOT0 CUTHAIBHOI'O LUISIXY 1HCYJIIHY 1 aKTUBYE
MAPK-3a5exHII NUISIX, 10 TPU3BOIUTH 0 3HWKCHHSA
npoxaykiii eanorenianbHOi (pakiii NO i cTumymsii
yrBopeHHs ET1 [14].

[HCyniHOpe3uCcTeHTHICTE 301bInye excrpecito PAI-1
1 MOJIEKYJ aares3ii, CTUMYIIO€ mpoidepario KIiTHH
INIAAKUX M’S31B CYAHH, CIIPHUS€ 3HAYHOMY BHIIJICHHIO
BIJIHUX JKUPHUX KHCJIOT Yy >KUPOBii TKaHUHI 3 HACTYII-
noro aktuBamicio PKC, NADP-3anexHol okcuaasy i BH-
pobnenusm ROS. 30inbIIeHHS CHPOBATKOBOTO BMICTY
PAI-1, ET1, TNF6, IL6, C-pecakTHBHOTO MPOTEiHY IO-
B’si3aHi 13 3amManbHOIO CKIagoBoIo matorene3y EJ[D.
BcraHoBieHO 3B’530K pO3paxyHKOBOTO 1HJIEKCY 1HCYI-
inopesuctentHocti (HOMA-IP) 3 EJI® i MOxITUBICTIO
BUKOPHCTaHHS JaHOTO MOKA3HHKA, SIK IPOTHOCTUYHOTO,
y MAIlieHTiB 0e3 KIIHIYHKUX MPOsBIB aiadery [24].

HIA2T cynpoBOMIKY€ETHCS IMiIBUIEHIM BUIUICHHIM
BUTBHHX XUPHHUX KHUCJIOT 3 )KMPOBOI TKAHUHHM 1 3HMKE-
HHUM TIOTJIMHAHHAM iX y M’s13ax. HagmipHa KoHIeHTpais
FFA 36inpmye excrpecito NADP-3anexHoi okcngasu
Ta BUKJIMKAE PO3’€JHAHHSI OKHCHOTO (hocOopHITIOBaHHS
y MiTOXOHApiAX 31 30inpmenasM BupobnenHs ROS.
OcTaHHI BUKJIMKAlOTh 3HM)KEHHS aKTHBHOCTI TaKWUX
¢pepmenris, sk eNOS i PGI,-cunTasa, BUCHaXYIOTh
BHYTPIIIHBOKJIITHHHUH ITyJ1 IPUPOIHOTO aHTHOKCUIAH-
Ty TIIyTaTioHy, eknpecyors NF-kB, Bukinkaoun akTu-
Ballil0 3anajbHUX peakiiid. Tak camo Oyio BcTaHOBIIE-
HO, 110 BiJIbHI JKUPHI KACIOTH 3/1aTHI akTuByBatu PKC
i IKK6 ¢ momansmmm nopymennsm PI3K- 3anexxunnx
peaxuiit incyminy 3 ransMyBaHHAM eNOS-omnocepenko-
BaHO1 mpoxaykiii NO. BinbHi KUpHI KUCIOTH ITiICHITIO-
10Th BUpoOaeHHs ROS, 3HMKYIOTH cuHTE3 1 O6iojg0c-
TymHicTh NO 1 HiICHIIOITE 3alallbHy pPEeakiliio B
cynuHax [25].

[HCYMTiHOPE3UCTEHTHICTD 301MIBIIYE MPUTITUB Billb-
HUX XUPHUX KUCJIOT 3 BicLEepaJbHUX AJUIMOIMUTIB B
€HJI0TeIaNbHI KIITUHU apTepiil Ta aKTUBYIOTh B HUX
MeTa0oTiYHI YIIKOI)KEHHS 1 OKUCITIOBAIILHUM CTpec,
I[0 TOSICHIOE 3B’S130K MIXK 1HCYNIHOPE3UCTEHTHICTIO Ta
MaKpOCYIMHHUMH YCKIATHCHHIMHA [24].

Bcranosneno, mo 30uibmeHHs mponykitii ROS/
RNS, moB’s3aHuUX ¢ TimepriiikeMi€ro, B CBOIO YepTy,
BHKJIMKAIOTh, B OCHOBHOMY, MIKpPOCY/IMHHI YCKJIalHeH-
Hs. Y Oynb-sIKOMY BapiaHTi OKUCIIIOBAIBHUI 1 HITpO3a-
TUBHHU CTPECH MOXYTh BBKATHCS 3aralbHUMHU MeXa-
Hi3MaM# ()OPMYBaHHS CYAMHHHUX YIIKOJKEHB [9].

Hocmimxenas M. Kalanietal. (2008) BustBrtn mips-
MUH KOPENSLIHHUN 3B’ 130K MK CTYIICHEM PO3BUTKY
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Mmikpoanriomnarii nmpu I[JI2T Ta xornentpamieto ET1 y
KpoBi. OCTaHHIM 4acoM psiJi TOCITIJUKEHb 1I0Ka3aB PoJb
(akTopiB pocTy i MENTUIIB, TAKUX SIK aHTioTeH3uH 11, B
ekcrpecii ET1 npu rinepriikemii, a Tako — ITiIBUIIIC-
HUH piBeHb ekcrpecii penenTopiB no engoreninyETa
i ETb [10].

Sk Oyno mokazaHo BUIIE, EHAOTENIH npu aiadeTi
nocuieno npoaykye ROS. V ¢izionoriunux ymoBax
ROS BucTynarmTh y SKOCTI CHTHAJIBHUX MOJIEKYI, SIKi
OepyTh ydacThb B pETyJsllii OCHOBHHUX KIITHHHHX
¢dyukmii. [Tigsumeni kornenTpanii ROS BukimmkaoTs
KIIITHHHE TOIIKODKCHHS 1 cMepTh KiituaA [9]. Enjo-
TeNil Cy/IuH, SIK aKTUBHO-(YHKIIOHYIOYa CTPYKTYpa, €
TOJIOBHOIO METOIO JUISI KOMIIOHEHTIB OKHCHOTO CTpECY.
Lle noB’s13aHO 3 MOPYILICHHSMH B IiepeAadi BHYTPILIHb-
OKJITHHHHX 1 MDKKIITHHHUX CUTHAJIB PEIOKC-PETYIIb-
oBaHMMH (pakTOpamu TpaHCKpumuUii. BBaxxarmoTs, 1m0
Jlerpecist  eHjoTeniii-3anexxHoi  Bazogunaramii  y
MaIieHTiB 3 niadeToM HacaMmIepea MoB’s3aHa i3 3HU-
xeHHaM OiogoctynHocti NO yepes #ioro 3B’si3yBaHHs
koMrroHeHTaMu ROS, a 3HmxkeHHs akTuBHOCTI eNOS Ta
CHUHTE3y OIocepenkoBanol Hero ¢pakiiero NO, 00yMoB-
nero po3sutkoM EJI® mikpocyauaHOTO pycna [16].

BcranoBneHo, 110 OKUCTIOBAIBHUN CTPEC € OJTHUM 3
PaHHIX MEXaHI3MiB MOIIKOIKEHHS CHIOTENi0. Y TOMH
JKe Jac omyOJIikoBaHi JjaHi, IO CBiT9aTh PO Maiy 3Ha-
YUMICTh OKHCHOTO CTPECY, K MaTOr€HETUYHOTo (DaKTo-
pa IJA2T, y monunan. Ili3Hime B qoCHiIKeHHIX OyB
MiATBEPKEHUN KOpesLiifHui 3B 130K OioMapKepiB
OKHCHOTO cTpecy (OKHCIEeHI JIMOonpoTeian HU3bKOT
minbHocTi i i3onpoctan-F,) 3 2T, Oxucmosansuni
CTPEC B YMOBaX I'JIIOKOJIIMTOTOKCHYHOCT] BUKIIMKAE pe-
aKuii BUILHOI'O PaInKaJIbHOTO MEPEKICHOTO OKHCICHHS
JIMIfIB 3 HAKOTTUYCHHSM MIEPBUHHUX — JIIEHOBUX KOH IO-
raTiB i BTOPUHHUX — MAJOHOBHH JIABJIETI]T T iH. TIPO-
JYKTIB BUIBHOPAJUKAJIBHOTO po3lierieHHs (ocdo-
mimigiB [18].

[opyuieHHs: piBHOBAard Mixk aHTHOKCHJIAHTHUMH Ta
MPOOKCUAAHTHUMHU cHcTeMaMmu KiituHu npu [[JI2T
MPU3BOJIUTH JI0 BUCHAKCHHSI aHTHOKCHIAHTHOTO pe3ep-
BY KIITHH, OJHIEI0 3 MPUYMHOIO SKOTO € BHCOKE
BUIBHO-paJNKalbHEe HaBAHTAXKCHHS, 10 00yMOBIIEHO
npouecamMu TIiKyBaHHs Oi1KkiB 3 yrBopeHHsM AGE.
Byno BcTanoBieHO, M0 TIiKyBaHHS OiNKiB Maiixe B 50
pa3iB 301MbLIYIOTH MIBUAKICTh YTBOPEHHS BUIBHHUX pa-
JIMKAIIB 1 OLIbII HIX Yy 2 pa3u NPULIBUAIIYIOTH Tpe-
KiCHE OKHCJIEHHS JIMiJiB y KIITHHHIA MeMOpaHi.
B3aemoniss AGE 31 cBoimMu perentopamu Bexe 10
30UTBIIICHOTO YTBOPEHHS TPOMOOMOIYIIIHY Ta aKTHBYE
KJIIITHHHI PEIENTOPH I Ipo3analbHUX IUTOKIHIB U
(hakTopiB pOCTY, 110 MPU3BOAUTH 10 IHTCHCU]IKAIIIT 3a-
NaJbHUX peakiiid 3 MoCHIIeHHSAM Mirpanii i npoxide-
paii riaagkoM’s30BUX KIiTHH [17].

[Ipomnec 38’ a3yBannas NO cynepoKCHIaHIOHOM 3 YT-
BopeHHsIM RNS BinoOpakae MapriHaibHy HUTOTOKCHY-
HYy CYTHICTb BiTbHO-paJUKATBHAX PEaKIliil, AKi JeKaTh
B OCHOBI HITPO3aTHBHO-OKHCHOT'O CTpecy. Y pe3yibTaTi
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ux peakuidi NO BTpadae cBOO 0i0J0TiYHY aKTHBHICTh
1 aHTUNpOJi(hepaTUBHI BIACTUBOCTI Ta CTAE IKEPETIOM
nuroTokcuHocCTi. [lepokciniTput Ta iHmi RNS Bukin-
KalOTh KJIITHHHI ITOIIKOKEHHS 32 PaXyHOK HITPYBaHHS
KIIITUHHUX TPOTEIHIB, MOPYIIEHHS QYHKIIT TpaHCMEM-
Opannux kanamiB 1 nomkomkenus JJHK [11]. Jectpyk-
uiss JIHK ctumymioe snepanii pepment momi(AD-pu-
603u)-monimMepasy (PARP), sika crioxuBae Mpu CBOEMY
¢yukuionyBanni NADH, i, THM caMuM, BUKIHKAE
ranpbMyBaHHsT NAD-3a1eXH1X MpoIeciB: TPaHCIOPTHO-
ro JIAHILIOTa eJNeKTPOHIB, yrBopeHHss AT®, riikoiizy
(32 paxyHOK OJIOKyBaHHS KIIFOUOBOTO (hepMEHTY — TJIH-
nepanpaerua-3-gocdar nerigporenasu) [7].

PobGoTu ocTaHHIX POKIB MIATBEPIKYIOTH TEOPIO
YYacTi MITOXOHJIPIH, SKi 3HAXOMATHCS y CTaHi TaK 3BaHOL
MITOXOHJIpiabHOT AUCYHKIIT, Y BUPOOICHHI KOMIIO-
nenTiB ROS i RNS, nepesaxuo O,". BaxkaeTbcs, 1m0
MITOXOHApiaJIbHA AUCQYHKIIS € OCHOBHOIO MPUYMHOIO
HITPO3aTUBHO-OKKCHOTrO cTpecy i aktuBizanii PKC i
TpaHckpuIiianX dakrtopis npu LIJI2T. TTokazaHo Takox
3B’s130K Mix EJI® Ta mocuneHHsIM MpoAyKiii BITbHUX
paIuKaiiB B apTepioyiax mamieHTiB 3 giaderom [20].

Orxe, LJI2T nmpuzBoautk 10 Mopdo-pyHKIIOHATE-
HHUX MIKpO- Ta MaKpOCYIMHHHUX YIIKOIKeHb. [IpH 1po-
My CHJIOTENialbHi KIIITHHN € OCHOBHUMH IIUTSIMU JIJIS
[JIIOKO30TOKCHYHOTO MOMIKOKEHHA 3 OrJIsAy Ha ix
3IATHICTH YTHIII3yBaTH TIIIOKO3Y HE3ale)KHO BiJl HasIB-
HoCTi iHCyniHy. He3Bakaroun Ha BeIU4e3HHH 00CsT
po0iT, mpucBsueHNX MexaHi3Mam aktuBaiii EJI®, omo-
cepeKoBaHO HAJUIMIIKOM KOHILEHTpalii IIIOKO3H,
YITKAN JIAHIOT MOMIN 10 KiHIA HE BCTAHOBJIEHUN. bes-
3arnepevHo, narorenetnyHi ¢akropu LIJI2T akTuByoTH
0e3J1iY CUTHAIBHUX IIIAXIB B SAPaX SHIOTEIIONHUTIB 1
KIIITHH TIAJKUX M S31B CyJIUH, IO MPU3BOIUTH 0 €KC-
npecii TeHiB, SKi KOAYIOTh YTBOPEHHS BEIHKOI
KUTBKOCTi 010J10T1YHO aKTUBHUX MENTUAIB Ta (HaKTOpiB,
mo OepyTh ydacTh y perymsuii GyHKIiH eHnoTenito, a B
MATOJIOTIYHMX YMOBaX — BUKIUKAIOTh HOro AuchyHK-
IIif0 3 MOJAJBIION0 3arubesuTio KimTHH [16].

KongaikT inTepeciB. ABTOpHU 3asBIAIOTH, 1[0 HE
MaroTh KOH(MIIKT iIHTEPECiB, IKUH MOXKE CIpUHMAaTHCA
TaKuM, 110 MOXKE 3aBJIaTH LIKOJW HEYIEPEeKEHOCTI
CTaTTI.

xepeno dinancyBanus. L{g crarTsa He oTpumaina
(iHaHCOBOI MIATPUMKH BiJ] IepKaBHOI, TPOMaJICbKOT
200 KoMipIiiHOI opraHi3arii.
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SHAOTEJIUAJBHAS JUCO®YHKIUSA TPU CAXAPHOM JUABETE 2" THIIA.
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AKTyaJabHOCTB. Bompoc cucremarusaiuy 1 yTOYHEHHs] COBPEMEHHBIX KOHIICIIINI MaToreHe3y YHI0TeHANbHON ANCHYHKIUH
(OJA®D) u e€ poau B pa3zBUTHE MHUKPOCOCYTUCTBIX OCIOXKHEHHH caxapHoro auadera 2 tuna (CH2T) sBisieTcst akTyallbHBIM B CBSI3H 3
OTCYTCTBHEM Ha CErOAHSIIHMIT IeHb MaTOreHETHYSCKOrO JICUCHHs, KOTOPOe ObI YUHTHIBAIO JH/OTEIHAIBHYIO JUCHYHKIHIO.

Lesb: npoBeCTH aHATTMTUYECKUI 0030p pe3yIbTaTOB HAYYHBIX UCCIEJOBAaHHUM, MOCBSIIEHHBIX Mexanu3Mam DJ1® npu LIJI2T, ¢
LeJIBIO MPEUIOKUTh UHTErPAIbHYIO COBPEMEHHYIO KOHIIEMIHIO narorenesa DJD.

Matepuagabl u1 Metoabl. O030p HayuHBIX MyONIMKALUN B MEXKIYHAPOIHBIX IEKTPOHHBIX HAYKOMETPUUECKHUX 0a3ax JaHHBIX
PubMed, Embase u Scopus 1o ki1o4eBbIM CJI0BaM 3a BeCh 1ocTynHbli nepuox (1982-2019rr.)

Pe3yabTathl. B cratbe npuBeseHbl COBpEMEHHBIE IaHHbIE 110 IIOBOJY COBPEMEHHON KoHLenuuu narorexesa D/1® u e€ ponu B
pa3BUTHH MHKpPOCOCYAUTCHIX ocnoxHenuit npu CLI2T. B ocnoe nmatoreneza 3/]® npu caxapHom auabare 2 TUna Jexar cleLylolue
KJIIOYEBBIE MEXAHU3MbI: HAapyIICHHE CUHTE3a YHAOTeNHanbHOl dpakiuu okcuaa azoty (NO) 3a c4€T TOPMOXKEHHSI aKTHBHOCTH YHIO0-
tenuanbHoii NO-cunraszsl (eNOS); cHikenue 6uonoctynHoctd NO Ha (hOHE OKUCIHUTENBHOTO CTpecca, akTHBaIMs 00pa3oBaHus SH-
norenuna-1 (ET1) u skcmpeccust SHIOTEIMHOBBIX PELENTOPOB 3 MPE0dIafaHHeM Ba30KOHCTPHKIMH; BOCIIAICHHE, KOTOPOE TTOePKH-
BAeTCsl CHHTE30M MPOBOCHAIUTENbHBIX LIUTOKUHOB M BBI3BIBAET dKcnpeccuio uHayuuoenbnoid NO-cunrasel (iNOS), koTopas
CTUMYJIUPYET CHHTE3 3HaYMTeNnbHOro komuuectsa NO, BCTymalomero B cB0OOAHOpagUKaIbHbIE PEaKIUi ¢ 00pa30BaHUEM IHTOTOK-
CHYECKUX IPOJYKTOB.

BeiBoabl. [TaTorenes SHIOTEMHAIBHOM JUCOYHKINH 3aKII0YaeTCsl B HAPYIIGHUH CHHTE3a OKCHJA a30Ta. DHIOTeIHalbHas TUC-
(GyHKINS, KaK HHTETPAIIbHBIA MEXaHHU3M, JI€KHT B OCHOBE Pa3BUTHs COCYJUCTBIX OCIOXKHEHHMIT PH caxapHOM auadere 2 THMA.

KitioueBble ciioBa: caxapHslii uaber 2 TUIa, SHIOTENNH, SHAOTeIMaNbHAs AUCHYHKIMS, MUKPO- U MaKPOCOCYAHCTHIE OCIIOMKHEHUS.
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Relevance. The problem of systematization and refinement of modern concepts of the pathogenesis of endothelial dysfunction
(EDF) and its role in the development of microvascular complications of type 2 diabetes mellitus (T2DM) is relevant due to the lack
of pathogenetic treatment nowadays, which would include endothelial dysfunction.

Objective: to conduct an analytical review of the results of scientific research on the mechanisms of EDF in T2DM, with the aim
of proposing an integrated modern concept of the pathogenesis of EDF.

Materials and methods. Review of scientific publications in the international electronic scientific databases of PubMed, Embase
and Scopus for keywords for the entire available period (1982-2019).

Results. The article provides modern data on the modern concept of the pathogenesis of EDF and its role in the development of
microvascular complications in T2DM. The pathogenesis of EDF in type 2 diabetes mellitus is based on the following key
mechanisms: impaired synthesis of the endothelial fraction of nitric oxide (NO) due to inhibition of the activity of endothelial NO
synthase (eNOS); decreased bioavailability of NO because of oxidative stress; activation of the formation of Endothelin-1 (ET1) and
expression of endothelin receptors with a predominance of vasoconstriction; inflammation, which is supported by the synthesis of pro-
inflammatory cytokines and causes the expression of inducible NO synthase (iNOS), which stimulates the synthesis of a significant
amount of NO, which enters into free radical reactions with the formation of cytotoxic products.

Conclusions. The pathogenesis of endothelial dysfunction is impaired nitric oxide synthesis. Endothelial dysfunction, as an
integral mechanism, underlies in the core mechanisms the development of vascular complications in type 2 diabetes.

Key words: diabetes mellitus 2 type, endothelim, endothelium disfunction, micro- and macrovascular complications
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