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LLIaHOBHI YuTQuil

Ocb i HacTynuB 2025-if — pik HaIIOT BipM, HALLIOT HAmil
i Hamroi mepeMoru. baxaio BaM, 1100 KOXeH JeHb IIPUHO-
CMB 3BICTKM TIPO A00pi 3MiHM, pamicTh y cepusix i MUp y
IIOMiBKax.

o MeHe 4acTo 3BepTalThCsl 3 MATaHb MPU3HAYCHHS
HOBMX IIpernapariB IJIsd CXyIHEeHHs (MIeThCs IPO aroHiCTU
peuenropiB ['TITI-1). MeHi BaxKo 110Ch Ha3MBaTH YyI0-
NiAHUMMU NIpenapaTamu, aje B LbOMY BUIIAIKY HEMOXJIMBO
OPUAYMATH iHIIWKA TepMiH. 3ragaeMo, 10 BOHU OYJIn po3-
poOJieHi SIK JiKu Bil LiykpoBoro aiadety. Cripasni, mpemna-
paTy 3HUXKYIOTh PiBeHb HYKPY B KpoBi. OgHAK BUSIBUBCS
IXHi/l BATOMUI1 BIUTMB HA alleTUT 3 TTOAAJIbIITNM 3HUXKESHHSIM
macwu tina Ha 10—20 %. I ue 1ie He Bce. JoCimKeHHs TAKOX
MoKa3aju, 10 BOHU MPUTHIYYIOTh i iHII anetuTu. Jlronm,
SIKi 1X TPUIIMalOTh, 3 OLTBIIOI0 IMOBIPHICTIO KUHYTh MaJIA-
TH, 3JIOBXMBATHU AJIKOTOJIEM UM rpaTu B a3apTHi irpu. Bonu
HaBiTb MEHILIE POOJISITh MOKYIOK, 3BaXKarouu Ha CXUJIbHICTb
3aXiIHUX CYCIIJIbCTB A0 HAAMIPHOTO CITOKMBAHHSI.

AHanizyroun crartio Ziad Al-Aly i criiBaBT. «Mapping
the Effectiveness and Risks of GLP-1 Receptor Agonists»
(«BigobpakeHHs1 e(peKTUBHOCTI Ta pU3NKIB aroHiCTiB pe-

nentopiB I'TITI-1»), ony6aikoBany y Nature Medicine
(20.01.2025), 3BepTaB 0COOJMBY yBary Ha MO3UTUBHI 4u
HeraTMBHi e(peKTH mpenapariB 1IbOT0 KJiacy. ABTOpH ifeH-
tudikyBanu 215 970 ocib 3 1yKpoBuM fiabeToMm, siKi moyaiu
npuiiMatu nipeniapaTtu ['TITT-1. TIpu oMy BUKOPUCTOBY-
BaJIv JIIOMIEH, SIKi TToYyaiu MpUiMaTH iHI aHTUAia0eTUYHI
JIIKM, SIK-OT MOXIiIHi CyIb(OHIICEeYOBUHM, iHTIOITOPU MU~
nentuauinentunazu-4 (IAI1I1-4) Ta inricitopy H3KTT-2,
SIK KOHTPOJIbHY TpyITy. JJOCTiTHUKY BUKOPUCTAIIH eJIeK-
TPOHHY cCUCTeMY, 11100 3aKoayBaTu 175 pi3HUX pe3yJIbTaTiB
300pOB’sI B 12 KaTeropisix, po3rnouynHaoun Bill «KpOBi Ta
KPOBOTBOPHMX OPTaHiB» IO «CUMIITOMIB 3 OOKY IICUXiKHN».
SK TTO3UTUBHUI pe3yabTaT Bia3Haualu BTpAaTy Macu Tiia,
KpiM Toro, crioctepiranu npubau3Ho Ha 20 % 3HUKEHHS
PUBUKY PO3BUTKY CEPLIEBO-CYNMHHUX i HUPKOBUX 3aXBOPIO-
BaHb, 1110 BXe 0YJI0 BCTAHOBJICHO B IOIEPEIHIX JOCTiIKeH-
Hsx. [Ilo cTocyeThest HEraTUBHUX Pe3YJIbTaTiB, aBTOPU BMi-
JIO BUOpaiu «TpaBMY BHACIIIOK JOPOXKHBO-TPAHCIIOPTHOL
npuroan». Hemae mincras BBaxkartu, 1o riperapatu [TITI-1
30i1bI1IaTh 200 3MEHIIIATh PU3UK TOPOKHBO-TPAHCTIOPTHUX
TMPUTO/, i CrIpaB/i, BOHU HE TTO0AYMIIN XKOTHOTO 3B’SI3KY.
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OTXe, CTPYKTypa JOCHIIKEeHHS BUIAEThCSI HOPMAJTbHOIO —
Mpallioe, SIK i ouikyBayiocs. A Terniep npo iHui 173 pesyJib-
Tatu. PO3moyHeMo 3 XOpoIIX HOBYH, BIIKMHYBIIIM BiToMe
3HUKEHHS Barv Ta pU3UKHU CEPLEBO-CYAMHHUX i HUPKOBUX
3axBoproBaHb. CIioCcTepiragaocs 3H>KeHHST YaCTOTU BUMA-
KiB CENITMYHOTIO IIOKY, ITeYiHKOBOI HEIOCTATHOCTI, LN~
30(peHii, po3nazaiB, MOB’A3aHUX i3 BXXMBAHHSIM OITiOi/iB,
aJIKOTOJII0, TEMOPATiYHOTO iHCYJIBTY, CYILIUAATBHUX JYMOK
i TpoMboeMOoJTii JIereHeBOi apTepii. Baxkko HaBiTh 3HAWTH
SIKMICHh 00’ €HYIOUMI TPUHIIMIT TOTO, 1O 1Ii mpernapaTu
MOJIMIIYIOTh, — BiJl pi3HOMaHITHUX MCUXIYHUX PO3JIaiB 10
nepeOdiry iHpeKIiHIX ITPOLIECiB, PECIiPaTOPHUX 3aXBOPIO-
BaHb. 3arajloM MaEMO BpaXKkaroui pe3yJIbTaTu.

IepeiinemMo 10 MOraHMX HOBUH (X04Ya BOHU HE 3aBXIU
Taki Bxe i1 rmorasi). Jltoau, Sxi movyanu mpuiiMaTy rpermnapa-
™ ['TII-1, Manu nigBUILieHUI pU3NK HYIOTH Ta OJIIOBAHHS
(e 1 Tak OyJIO BimOMO), KMCJIOTHOTO pedIIOKCYy Ta 000
B XXMBOTi. AJie TYT TaKOX OyJI1 esiKi CIOPIIpU3H: 3HAYHO
BUIIMI piBEeHb BUHUKHEHHS MPOOJIEM 3 OMTOPHO-PYXOBUM
anaparoMm (sIK-OT TEHOCUHOBIT), a TAKOX BMIIIa YaCTOTA Ha-
SIBHOCTI KaMEHiB y HUpPKaX, TOJIOBHOTO 00JTIO i 60110 B KiCT-
Kax. 3arajJioM TyT HEMa€ HiYOoro CTPaIIHOIro, MpUHAMHI,
SIKIIIO IMOPiBHIOBATH MIEPEBAryk MEHINO1 KiJIbKOCTi iHCYJIBTIB,
IIIOKY, CaMOTyOCTB i mpobJieM 3 auxaHHsIM. JloOpe Bimomo,
1110 TpaBHA CUCTEMa 3a3HA€ HANOIIbIINX HECTIPUSITINBUX
HACJIiIKiB, a MMOTIM i OTTOPHO-PYXOBMI anapar, IKuit, 6e3re-
peYHo, NMoTpedyBaTUMe OiJIbIII PETEJIBHOTO CIIOCTEPEKEHHS.

Otxe, aroHictu peuentopiB ['TITI-1 — uynoniiixi Jiku?
Baxxko Hamarartucsi cipocTyBaTh OTPUMaHi aBTOpaMU pe-
3yabTaTu. OCHOBHUMU NIPUYMHAMM XPOHIUHUX 3aXBOPIO-
BaHb Y EKOHOMIYHO PO3BMHYTHUX KpaiHax € OXUPIiHHS, all-
KOTroJ1i3M, KypiHHSI Ta HeaoCTaTHs pi3nyHa akKTUBHICTb. LLi
MpernapaTu, 31a€TbCs, 3HAYHO MOJIMIIYIOTh TPU 3 YOTUPBOX
i3 HuX. He nuBHO, 110 JIIOAM CTAlOTh AKTUBHIIIUMM TTiCIIsI
CXYIHEHHS.

3BUYaliHO, M0 BCi€l HOBOI iH(MOpMAaIIii CIIim Imiaxomu-
TH BUBaXeHO. | B LIbOMY JIOCTiAXKEHHI MOXHAa JAELIO KpU-
TUKYBaTU. ABTOPU PO3IJISIAAIN JIULIE JIIOJAEH 3 IyKPOBUM
niabeToM, JOCHiIKyBaHa MOIYJIsIilis MaiiXe MOBHICTIO
cKJIajgaaacs 3 YOJIOBiKiB, TOMY, MOXJIMBO, MU HE MOXEMO
OyTU HACTUIBKM BIEBHEHNMH B e(DeKTax, sIKi CIIOCTepiraT-
MyTbCsI cepel XKiHOK. CepeiHsI TPUBAJIiCTh CIIOCTEPEXKEHHS
CTAHOBWJIA JIUILIE TPU 3 TIOJIOBUHOIO POKU, TOMY, MOXJIMBO,
NesiKi HecipusTInBi e(heKTH BUHUKHYTh Y MaiilOyTHHOMY.
I1pu uboMy ciaim 3a3HaYUTH, 1110, XOUa 1Ii IIpernapaTy € Bil-
HOCHO HOBUMU Y chepi CXyAHEHHSI, BOHU HE € HOBUMM JIJIsI
JIIKyBaHHSI 1IIyKpPOBOTO Aia0eTy (3peluTolo, eKceHaTul OyB
cxBajieHnit 20 pokiB TOMYy).

CripaBXXHBOIO 3aTaIKO0 3aJUIIAEThCSI MEXaHi3M PO3-
BUTKY BCiX IIUX KOPUMCHUX €(eKTiB Ha TJIi BAKOPUCTAHHS
aroHictiB peuenTtopis I'TITI-1. 3po3ymisno, 1110 BOHU BIUI-
BalOTh Ha SIKYCh i3 CCTEM TOJIOBHOTO MO3KY i, 3MiHIOIOUM
ii, BpeIlTi-pelT 31iliICHIOIOTh KOPEKIIil0 BCi€l MOBEAiHKU —
Bill CITOXMBAHHS 3Ki 1O KYPiHHS Ta BXXMBaHHSI HAPKOTHUKIB
TOIIIO.

TpaAULiHe BITOHHS YATAYOM 3 KPAIO CBITY,
3 6epera MareAAGHOBOT NPOTOKMU!

ITomopox mOoBXMHOI 35 TUCSY KiJIOMETPIB I€B’SITh-
Ma JliTakaMu 10 OJHOTO i3 HaiBigjaseHilux i He3aliMa-
HUX MICIIb Ha TUTAHETi 103BOJIMJIAa TTOOAYUTH CYyBOpY, alie
BOJHOYAC YapiBHY CBOEIO Kpaco MareuiaHoBy MPOTOKY.
OxorjieHa JlereHIaM1 Ta TAEMHULISIMUA, BOHA BiTOKPEMITIOE
apxirnenar BorusiHa 3eMyist Ta KOHTUHEHTaNbHY [liBIeHHY
AmepuKy i mo cnopymkeHHs IlaHaMcbkoro KkaHauy Oysa
HANKOPOTIIMM HUISIXOM MiXX ATJIaHTUYHUM i Tuxum okea-
Hamu. Binkpuiay mpoToKy i yac KpyrocBiTHBOI iCITaHCHKO1
ekcriequii mig kepiBHuurBoM ®epHango MareiaHa, sika
Mi3Hilre Oyja Ha3BaHa B ioro yectb. TorovacHi micuesi
XKUTEIi HOuaMU Hajuiau 0araTTs Ha Oepe3i, aie Maremian
BUPILLIMB, 1110 1I€ BOTHI BYJIKAHIYHOTO MOXOKeHHSI, i Ha3BaB
BiIKpUTY TepuTopito BorusHoro 3emiero.

HaitniBnennime Micto 3eMiii 3 HaceJIeHHSIM TTOHA[
100 Tucsay ocib, a TakoxX HalMmiBAEHHIilIe MicTO, 1110 3Ha-
XOIUTHCS Ha KOHTUHEHTI — [lyHTa-ApeHac po3raiioBaHe
Ha Oepesi MareutaHoBO1 NPOTOKM. Lle nMBOBUXXKHE YM-
JIifichbKe MICTO Ma€ BUILIYKAHY €BPOIENCHKY apXiTeKTypy
B LICHTPAJIbHIN YaCTUHI, B HbOMY MPOCTEXYETHCS iCTOPIist
€KOHOMIYHOTO 3/1eTy. AJle HalilliKaBillla B MicTi, 0e3yMOB-
Ho, MareutaHoBa npotoka. CBiTaHOK HAIOBHIOE 11 HIM-
POKY CMYTY Pi3HOMaHITHUMM KOJIbOpaMHM. 3 iHIIIOTO OOKY
BUIHIIOTBCS ropu ocTpoBiB BorusHoi 3emiti. HemoBTopHy
0J1aKUTh MOPCHKOT MPOTOKU MOCTIAHO HEMOKOSTh TYTEIIHi
Bitpu. Ilim yac mporyasiHKu MiClIeBUM IIPOMEHAIOM B3IOBX
MPOTOKM, BAMXAaIOUM MOPCHKE TMOBITPSI i pO3IIIsiAaloum ap-
XimeJjar, BiZuyBa€lll 30BCiM OCOOIMBY, Hi 3 UMM HE IOpPiB-
HSIHHY CyMilll CBOOOIU, panocTi Ta eidopii. Aje ToJoBHe,
yuM nipuBaboe mpomeHan [TyHTa-ApeHac, 1ie atMmocdepa
BimmazeHocCTi Ta ycaMiTHeHHsI. CTOSYU TYT i BIUBISIOYNCH
y cunyeT BorHeHstHOT 3eMli Ha TOPU30HTI, ITUIKOM BimTuy-
Ba€lll, 1110 TTIepeOyBacll Ha Kpaio 3eMIi.

3 Havikpalmmmn nobaxKcaHHsIMM,

roJioBHU pegakTop, npoghecop,

4yneH HauionanbHoI crinkv xypHanictis Ykpaium
Bonognmup IBaHoBnY lNaHbkie W
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Cknapg, 1 kancynu macoro HeTTo 400 Mr (mg)

PekomMeHg0BaHO BXUBATW: no 1-2 kancynu
2 pa3u Ha AeHb Jo ign
TepMiH BXXUBAHHSA: 4-6 TvxHiB. MOBTOPHMII KypC
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Aiayko O.M., Kocriuska I.O., YepHsiBcbka I.B., AptemeHko H.P., PomaHiB T.B.
IBaHO-PPAHKIBCHKIY HALIOHQABHUT MEANYHWI YHIBEPCUTET, M. IBOHO-OPaHKIBCEK, YKpQIHQ

EdeKTUBHICTb 3ACTOCYBAHHS diToTepanii
NPy AIKYBOHHI AUCOYHKLLIN
LLIUTONOAIOHOT 30A03U

Pestome. AkTyanbHicTb. Ha cborofHi ogHUM 3 NepcrieKTUBHUX METOLIB KOMIMIIEKCHOIO JliKyBaHHS TUPEOIgHNX
ANCQYHKLIVI 3anmLuaeTbes gitoteparnis. MeTta: BUBYUTY eqeKTUBHICTb, 6e3reKy v NepeHoCUMICTb 3aCTOCYBaHHS
itonpenaparis TipeoKniH, TupO3UHOH, a Takox ix KoMbiHauii. TupoO3MHOH Mae B CKIaai L-Tupo3uH, ekcTpakT
6ypunx BogopocTel (Lo signosigae 50 MKr vioay), UMHK, Migk i coonat. TipeoKniH MICTUTL CyXuii eKCTPaKT KOPEHIB
i KopeHesuLL nepcTady 6I5loro, Cyxmi eKCTPaKT /1048 ropobUHN YOPHOMIIIAHOI, CyXui eKCTPaKT KBITOK I niaogis
7108y Kp1BaBO-4€PBOHOI0, ceneHiT HaTpito. MaTepianu ta metoau. [ig crioctepexxeHHsIM nepebysaso 147 xBopux
Ha Aneby3HW i 3miLuaHnii 306 3 Pi3HUM DYHKLIOHAIbHUM CTaHOM LUMTOMNOZIOHOI 3a103u (23 — angysHui 300,
eyTnpeos; 24 — angpysHui 306, CYOKIIHIYHWI rinoTUpeo3; 22 — angy3HUi 300, CYOKITIHIYHUA TUPEOTOKCUKO3;
27 — 3MilLaHui 306, eyTUpeos; 25 — 3MiLLaHni 306, CYOKITIHIYHWI rinoTupeos, 26 — 3miluaHmvi 300, CYyOKITIHIYHUA
TUPEOTOKCMKO3). Pe3aynbTarTn. AHasi3a 3acTocyBaHHs Npenaparis rnokasas, Lo TUPO3MHOH MOXe By Ty PEKOMEHLO-
BaHu¥i IK MOHOTEparisi Y4 B KOMIJIEKCHOMY JliKYyBaHHI MPOTAroM TPbOX MICALIB naLjieHTam 3 eHAEeMIYHUM | 3MiLLIaHM
3060M Ha T11i FinoyHKUII LUMTONOZIOHOI 3a5103u Ta eyTnpeo3oM. TipeoKIliH MOXHa PEKOMEHLYBAaTV Ik MOHOTepariito
MPOTAroM LUECTU MiCALIB nayieHTam 3 eHAeMIidHUM | 3MiLLaHnM 3060M 3 rifnepyHKLIE LMTOMNOLIGHOI 3a5103u Ta
eyTUPeo30oM. Y XBOpUX Ha eHaeMIidHWY | 3MiLLaHuyi 306 6e3 rMopyLUeHHs OyHKUII LMTOMNOLIOHOI 3a/1031 peKoMeH-
[10BaHO KoMb6iHoBaHe JliKyBaHHA Tupo3nHoHOM i TipeoKiHOM npoTAroM TpbOX MICALIB | MPOAOBXEHHS Mpuiomy
TipeoKniHy go wectu micsayis. daHi pekomeHpauii rpyHTYIOTbCS Ha OTPUMAaHNX Hamu pe3yribTatax [OCIIiAKEHHS.
lMpuviom epitonpenaparty TipeoKniH y nayieHTis 3 By3/0BUM i 3MiLLIAHUM 3060M | CYOKITIHIHHUM TUPEOTOKCUKO30M
CripusiB MOSIMLIEHHIO Cy6’€KTUBHOIO caMoroqyTTs, HopMasisawii piBHIB TUPEOTPONHOro roOpMOHY | 3MEHLLIEHHIO
po3mipis 306a. 3actocysaHHs TUPO3UHOHY B NALJIEHTIB 3 ANQY3HUM | 3MiLLIAHUM 30060M Ha Ti1i CYOKIIIHIYHOrO ri-
roTmpeo3ay Cripuysisio JOCArHEHHIO €YTUPEeo3y, TeHAEHUii 4O 3MEHLLEHHS 06’eMy LUMTOMNOLIOHOI 3a/1031 B NaLieHTIB
060x rpyn. BUCHOBKW. Ha HaLly gymMKy, HaikpalLyoro eqhekTy JOCArHyTO npy KOMGIHOBaHOMY 3aCTOCyBaHHI 060X
iTonpenapariB: y NawieHTIB sIK 3 ANY3HUM, TaK i 3i 3MiLLIaHUM 3000M, sIKi NEpebyBasnv B CTaHi eyTpeosy, rnokas-
HUKU TUPEOI[HOIro cTatycy 3anLannck y HOPMI, PiBHI aHTUTIT HE 3MIHWUINCh, CIIOCTEPIrasoch BiPOrigHe 3MEHLLIEeHHS
06’eMy Ta TeHAEHLUIS1 4O 3MEHLLIEHHST PO3MIpPIB BY3/1iB LUATOMNOLIOHOI 3a51031. Y XXOAHOro nawieHTa He 6ys1o rnobi4Hoi
peakuyii Ha npenapatv yrnpoaoBX Kypcy JiKyBaHHS, Lo BKa3ye Ha 6€3MeYHICTb 3acTocyBaHHs iTonpenaparis.
Knro4oBi cnoBa: wuronogi6Ha 3anosa; rinotTmpeos; TMpeoTOKCUKO3; BY3/10BUb 306, NiKyBaHHS; giToTeparis

Bctyn

Y1ponoBX OCTaHHBOTO AECSITUIIITTS CIIOCTEPITAETHCS
TEeHIEHILis 10 30iIbIIeHHS YMCia 3aXBOPIOBAHb IIMTOIOII0-
Hoi 3a103u (1113), 1m0 o6ymMoBIeHO 6araTbMa YUMHHUKAMU
HaBKoJIMIIHbOTO cepenoBuina [1]. Cepen HaliBaromimmx
YMHHUKIB BKa3ylOTh K Ha HOTHMI nediluT, Tak i Ha pami-
aniiiHe 3a0pyaHeHHS [2].

[IpakTruHO BCsI TEpUTOPisS YKpaiHu 3a3Ha€ HOAHOI He-
nmoctaTHoCTi. 3rigHo 3 gocaimkeHHsaM Global lodine Nu-
trition Scorecard, B Ykpaini 382 000 miteii (80 %) mopoky
HapOIKYIOTHCS 3 pU3UKOM PO3JIalliB YHACTIZOK MOIHOIO
nedinury [3].

3a Bu3HaueHHsM BcecBiTHBOI opraHizallii OXOpoHU 310~
pos’st (BOO3), itononediuntHi 3axsoprosanus (MI3) —
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1Ie BCi ITaTOJIOTIUHI CTaHU, SIKi pO3BUBAIOTLCS B ITOITYJIALIIT
BHACJIiIOK HOMHOTO Ae(illUTY i IKUM MOXHA 3ar00irTh Mpu
JIOCTATHBOMY CIIOXMBaHHI itony. VI3 MaloTh MMPOKUit
CTIEKTp TTPOSIBIB 3aJIE3KHO BiJl BIKOBUX TE€PiOJiB, CEPEN HUX
HaWyacTilIMM € eHAeMidYHuii 300 [4].

BysnoBuii 300 € 1pyrowo 3a 4acTOTOO TMAaTOJIOTIEIO
113, 30kpema B eHaeMiuyHUX perioHax. Yacrora itoro Bu-
HuKHeHHs nocsirae 50—70 % Bin ycix 3axBoproBaHb 1113
[5, 6].

OxpiM NOATUPOHIHIB, 0O, IKWIA HAIXOAUTD y TUPEO-
LIUT, YTBOPIOE MOMOJAKTOHU — CITOJYKHU 3 JiMigaMu, 110
0JIOKYIOTb CTUMYJIIOIOUMI BIUIMB TaKUX MiCLIEBUX (paKTOPiB
pOCTYy, SIK eTiiepMaJibHUI pOCTOBUH (haKTOp, iHCYTiHOIIO-
NiOHUI pocToBUil (hakTOp 1-TO THUIMY, OCHOBHUI (haKTOp
pocty (pidpobaacTiB, a TAaKOX TpaHCGHOPMYIOUNA POCTOBUIA
dakTop [7]. PesyabraTu 1ociiaKeHb CBigyaTh mpo Te, 110
IHCYJIIHOPE3UCTEHTHICTh TAKOX € TPUTEPOM POCTY BY3JIiB
1113. ABTOpamu 1oka3aHo, 1110 B TIAlLliEHTIB 3 TOPYIIEHHSIM
MeTaboJ1i3My IJTI0KO3U Ta IIYKPOBUM HiabeToM 2-T0 TUILY
3HA4YHO 30inb1yeTbest 00’eM 113 i mommpeHicTh By3:1iB
[8,9].

Cepen MpUYMH BUHMKHEHHS BY3JI0BUX (hOpM 300a po3-
Pi3HSIIOTH TIEPBUHHY i BTOPUHHY €K30T€HHY MOIHY HeI0-
CTaTHiCTh. BToprHHA BUHUKAE MPU HAIIUIIKY B IPYHTI
BEJIMKOI KiJIbKOCTi MiKpOeJIeMeHTIB (MapraHeinb, (propuc-
TUIA HaTpil, 3aJ1i30, KOOANIBT), SIKi ITePEIIKOIKAIOTh 3aCBO-
0BaHHIO Komy pociauHamu [10, 11]. o iHIINX YMHHUKIB
HaJlexXaTh pajialliiHUI BIJIMB, OMHOMAHITHE XapuyBaHHS,
nediuuT BiTaMiHiB y 1Ki, BXKMBaHHS IIPOAYKTIB, IIIO Mic-
TSITh CTpyMOTreHu (TiolliaHaTh), AedekT pepMeHTIB, sIKi
OepyTh y4acTb y CUHTE3i I MeTabo1i3Mi TUPEOITHUX Top-
MOHIB, reHeTUYHa cxwibHicTh [12]. [ToenHanuii nedinut
ony i ceJieHy MOCUJIIOE TTPOOIeMy HOIHOI HEAOCTATHOCTI,
MPU3BOIUTH IO 3pOCTAaHHS YaCTOTHU TimepTpodiyHUX i Ti-
neprutacTuaHuX npoieciB y 113, aBroiMyHHUX TUpeomna-
Tili, 6araToBy3/10BOTO KoJjioimHoro 300a [13]. TpuBanuit
omHMIA neilnT CIIpUsie TaKoX mopyeHHo gynkirii [3:
TinoTUPEo3y i TUPEOTOKCUKO3Y (MiABUILEHHS 31aTHOCTI
aBTOHOMHOI TiMepIIpOaYKIIil TAPEOINHUX TOPMOHIB By3JIaMU1
113) [14, 15].

OpnHak, Monpu A0BeAeHY MYJIbTU()AKTOPHY TPUPOTY
€HJEMIYHOI0 i1 By3JIOBOTO 300a y perioHax 3 HOMHUM Je-
¢inuToM, D0Ci HEMa€E eAMHMUX MPOMIIAKTUIHUX i peadisti-
TallilfHUX MMporpaM, CIpsIMOBAHUX Ha YCYHEHHS BCiX He-
CIPUSITINBUX (PAKTOPiB, 110 MPU3BOAATH 10 (DOPMYBAHHS
i IporpecyBaHHs 300a [16]. BiamoBigHo 10 YMHHUX TTPOTO-
kouiB («KutiHiYHI TpakTUYHI pekoMeHaallii €Bporieiicbkoi
TupeoinHoi acomiamii 2023 poKy 11040 JIKyBaHHS BY3JIiB
III3» [6]) Hacammepen MpU3HAYAIOTh MperapaTv Kalliio
omumy, 110 He 3aBXIu € eDeKTUBHUM, OCOOJMBO B pasi
MOEAHAHHS TEKiTBKOX HECTIPUATINBUX (hakTopiB [16, 17].
3a Takux yMOB 3pOCTa€ aKTyaJbHiCTh (hapMaKOJIOTiYHUX
npenapaTiB Ha OCHOBiI POCJIMHHOI CUPOBWHHU, SIKi O MaJin
IIUPOKUIA CIIEKTpP BILIMBY Ha (pyHKitito 1113.

OpHUMM 3 HaaKTyaJIbHIIINX Ha CHOTOIHI € BiZOMOCTI
PO CIIEKTP TepareBTUUYHUX BIACTUBOCTEH NepcTady Oijo-
ro [18] (Potentilla alba L.), axuii mocimae Barome miciie B
KOMILUIEKCHOMY JIIKyBaHHI XBOpUX Ha AU(Y3HUI TOKCHY-
Huit 300 (AT3), rinotupeos [19], nudy3Huit i By3noBuii
300 [20, 21].

Ilinzemua yactuHa Potentilla alba L. (kopeHeBuia 3
KOPiHHSIM) MICTUTb BYTJIeBOAU (KpOXMaJib), ipuaoinu, ca-
MOHiHU, (eHOJKAPOOHOBI KUCIOTH, (praBoHOITU (KBEp-
LIETUH), AYOUJIbHI pe4yoBUHM (TasoTaHiH) — g0 17 % y
¢azy uBitiHHg. HagzeMHa yacTuHa MiCTUTb ipUa0ian,
camnoHiHM, PeHoNKapOOHOBI KMUCIOTH, (DIaBOHOINU (pY-
THH), IyOWIbHI pe4OBUHU — 10 6 %. Y JNHCTI BUSBICHI
¢eHoIKapOOHOBI KMCIOTHU (N-KyMapoBa, ejaarona), da-
BOHOIIM (KBepLEeTUH, KemIidepos, miaHinuH). KopeHe-
BUIIIA Ta KOPiHHS mepcTadya 0iJIoro MicTITh (DraBOHOINN,
MaKpoOipua0inu, canoHiHU, BYrJieBoaAu, (GeHOIKapOOHOBI
KMCJIOTHU, TYOUJIbHI peYOBUHU, OUIBIIICTD 3 SKUX MalOTh
3HaYHi aHTUOKCUIAHTHI, TPOTU3aIaibHi, aHTUMYTareHHi
i IMYHOMOZYJIIO0Yi, MPOTUITYXJIMHHI, MEMOpaHOCTa0iTi-
3yI04i, THPEONPOTEKTUBHI BiIacTUBOCTi. PocimHa Takox
HaKOIMUYye y iziosorivyHux no3ax MikpoejemMeHTH (Mo,
MarHiit, MiJib, CeJieH, IIMHK, KOOaJbT, 3aJ1i30, aJIIOMiHil,
KpPEeMHilt), sIKi € MOJIeKYJSIpHUMU CUHEepricTaMu ioay
[22, 23].

V nitepatypi € maHi mpo eeKTUBHICTh Y KOMITJIEKCHO-
MY JIiKyBaHHi TimoTupeo3y ¢iTonpenapariB, 10 CKIaxy
SIKAX BXOISTH MepcTad OiInii, CyXuit eKCTPaKT IIOJIOMHUIII
barikanbcbkoi (Scutellaria baicalensis Georgi), cyxuii ekc-
TpakT pomionu poxenoi (Rhodiola rosea L.) [24], B iHIIMX
nyoJtikauisix — KoMOiHallisl mepcrauy 0i710To i3 celeHOM i
LIMHKOM [25].

3 orysiy Ha BUIe3a3HAYEHE BaXKJIMBO OYJIO BUBUUTHU
e(eKTUBHICTb i MOXKJIMBICTb 3aCTOCYBaHHS (iTomperna-
patiB TipeoKuriH, Kamcyna sIKOro MiCTUTbh CyXHUil €KCT-
PaKT KOpeHiB i KopeHeBUIl nepcravy 6isioro (Potentilla
alba) — 300 Mr, cyxmii eKCTPaKT ILUIOAIiB TOPOOMHU YOP-
HomigHoi (Photinia melanocarpa) — 39,9 mr, cyxuii
eKCTPaKT KBIiTOK i TJIOAIB IJ10Jy KPUBAaBO-YEPBOHOTO
(Crataegus sanguinea) — 30 wmr, cenenit HaTpiio (Nat-
rii selenis) y Burjsni cyxoro nopouky — 0,1 mr, i Tu-
pO3WHOH, 10 Ma€ B ckiaami L-tupo3un — 300,00 mr,
ekcTpakT 6ypux Bomopocteidr —50,00 mr (1110 Bignosigae
50 MKT #foay), UMHKY okcuna — 25,00 mr, mMimi ritoko-
Hat — 2,00 mr, ¢onat — 40 MKr (110 Biamosinae 25 MKT
¢osieBOi KMCIOTHU), Ta iX KOMOiHalii B Jloaeit 3 auc-
¢ynkuiero 113.

[Tnoau ropodbuHu yopHorutinHoi (Photinia mela-
nocarpa) MiCTITh aHTOLliaHUW, (pJIaBOHOIAM, OpraHivyHi
kuciaotu, Bitaminu C, E, PP, xapotunoinn, nykpu,
nyOusibHi peyoBUHU, BiTaMiH B,, dosieBy kuciory,
MikpoenemMeHTH ((Top, 1oa, Miab, 3a1i30), CIIPUSIOTH
ctabinizalii podoOTH 3a/103 BHYTPIILIHbOI CeKpellii, Bia-
HoBieHHIO yHKIi 113, 3HMXKEHHIO piBHS LIYKPY i XO-
JIECTEPUHY B KPOBI.

Ksitku rmomgy kpuBaBo-dyepBoHoro (Crataegus sangui-
nea) MiCTSTh Tirepo3u, KBeplUeTUH, BITEKCUH, calloHa-
peTuH, OpiEHTUH, aMiHM (XOJiH, alleTUJIXOJiH, TPUMETH-
JlaMiH), ackop6iHoBy kucioty (18—100 mr %), B-xapotun
(0,4—2,7 mMr %), BitamiH K, dbeHOIBHI CITOTYKH.

[Inomu i XBiTKM I10Oy KpUBaBO-Y€PBOHOIO ITOKpa-
IIYIOTb OOMiH PEYOBUH, CIIPUSIOTh CXYAHEHHIO, TOHi3y-
IOTb CEpLIeBUI M 53, 3HIKYIOTh 30YIIMBICTh LIEHTPAJIbHOI
HEPBOBOI CUCTEMU, IMTOCUITIOIOTH KPOBOITOCTaYaHHSI KOPO-
HapHUX CYIUH Ceplsl 1 MO3KY, YyCYBalOTh apUTMilo i Taxi-
Kapzito, MoJIMIIyI0Th COH, CAMOTIOUYTTSI, HOpMaJi3yloTh
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aprepiaJbHUI TUCK, a TAKOX BUBOISATH 3 OPraHi3My coJi
BaxKKMX MeTaJjliB, 3HUXYIOTb PiBEHb XOJECTEPUHY, i -
BUIIYIOTH OMipHICTh OpPraHi3My IIOAO BIIMBY HECIPUSIT-
JTUBUX akTopis [26, 27].

CeJieH BXOIUTD 10 CKJIamy OiTKOBUX CIIOJYK — Cejie-
HOTIPOTEiHiB: TIIyTaTiOHNIEPOKCHUIA3U, IeoIUHA3H, Tiope-
JIOKCUH-PENYKTa3u, sIKi 3a0e3MeuyIoTh aleKBaTHE (DYHKIILi-
OHYBaHHS IIUTONOOIOHOI 3a1031; Oepe yJacTh Y CeKpellii Ta
MeTaboJ1i3Mi TUPEOiTHUX TOPMOHIB, 3a0€e3Ieuy€e aKTUBALliI0
koHBepcii Tupokcuny (T,) y Tpuitontuponin (T,); ciipu-
si€ ONITUMAaJIbHOMY (DYHKIIIOHYBAaHHIO iMyHHOI CUCTEMH,
BUBEICHHIO BUIbHUX paauKasiB, Ma€ MPOTUMYXJIMHHI BJla-
ctuBocTi [28].

®dironpenapar Tupo3uHoH Mae B ckiaai L-tupo-
3UH — aMiHOKMCJIOTY, sIKa BXOAUTb N0 CKJIaay aKTUBHUX
LEHTPIB AesIKnX pepMeHTiB. TakoX 3aJIMIIKY 1€l aMiHO-
KHUCJIOTU B 0iKaX MOXYThb OyTH cyOcTpaTamu s dep-
MEHTIB, 110 3[0iiICHIOIOTh ITOCTTPAHCIISIINHY Monudika-
11il0, HaNmpuKIag NpoTeiHKiHa3. g moOynoBU TOPMOHIB
1113 HeoOximHi He TiTbKY Mo, ajie i iHIIi MiKpoeJIeMeHTH
(ceneH, 3aymi30, HMHK, Midb, KaJiblliii) i aMiHOKHMCIOTA
L-tupo3uH.

3rinHo 3 OCTaHHIMU JOCIIIKEHHIMU, TUPO3UH, KPiM
cuHTe3y ropmoHiB 1113, 6epe yyacTb y CUHTE3i HU3KU
BaXKJIMBUX JUISI JTIOJCHKOTO OPraHi3My PeUyOBUH, TAKUX K
HOpaApeHalliH i anpeHasiH, nodamiH i MmeaaHiH. HaykoBi
TMOCTIIXKeHHS TToKa3aau, 110 N0AaBaHHS TUPO3UHY MOXe
3MEHILIUTHU BIUIMB CTPECy i BTOMU HAa BUKOHAHHS KOTHi-
TUBHUX 3aBJaHb 32 poOOUYMX OOCTAaBUH, IO XapaKTepu3y-
FOThCS TICUXOCOLIaTbHUM i (DiI3MYHUM CTpEcoM, i CIIpUsATH
KOTHITHUBHIM THYYKOCTI IIUISIXOM ITOIIOBHEHHS KOTHITUBHUX
pecypciB [29].

HonatkoBo 10 L-Tupo3uHy B ckiaai TUpO3MHOHY €
eKCTpaKT Oypux BomopocTeli (1o Binmosigae 50 MKT iomy),
LIMHK, Minb i ¢ojaT, sIKi € CKJIIaZOBUMU eJIeMEHTaMU JIJIst
CUHTEe3y OMHOro 3 BaxmBimux 0inkiB 1113 — Tupeorio-
OyiHy.

Mera po6oTn — OLiHUTHU e(heKTUBHICTh, O€3I1eKy it me-
peHocuMicTb 3actocyBaHHs TipeoKiiny, TuposuHony, a
TaKOX iX KOMOiHallii.

Marepiaam Ta meToamn

Ilin cnocTtepexxeHHsIM TepeOyBaio 147 XxBopux Ha Au-
¢y3HMIT i 3MilTaHnit 300 3 pi3HUM (PYHKITIOHATLHUM CTa-
HoM 13 (23 — nudy3Huii 300, eytupeos; 24 — nudy3Hut
300, CyOKJIiHIYHMI TinoTupeos; 22 — nudy3Huii 300, cyo-
KJIiHIYHUI TUPEOTOKCUKO3; 27— 3MilllaHUi1 300, €yTUPEO3;
25 — 3MilllaHuii 300, CYOKJIIHIYHUIA NIOTUPEO3, 26 — 3Mi-
LIaHUi 300, CYOKJIIHIYHUI TUPEOTOKCUKO3).

CepenHiii Bik xBopux ctaHOBUB 43,24 + 2,19 poky
(Bim 20 mo 72 pokiB). YciMm nmauieHTam 0yJ0 MpoBeaeHO
yabTpa3ByKoBe mociaimkeHHs (Y3]l) Ha amaparti Canon
Aplio a550 — AEE 197297 (Anowist). I1pu Y3/ oiiHio-
Baiu 00’em I3, HasiBHiCTh i po3Mip BY3JiB i AMHAMIKY
JaHUX IapaMeTpiB Yepe3 3 MicsIi IJIsd aHalli3y e(peKTUB-
HocTi mpoBeneHoi Tepamnii. Po3mipu 1113 3a nannmu Y3]],
BU3HAYaJIM BiIMOBIAHO 10 peKoMeHaalii Brunn.

Pu3suk 35105KiCHOCTI, TTIOKa3aHHS 10 TOHKOTOJIKOBOI
acnipauitHoi nyHkuiiiHoi 6iomcii (TAITB) BusHavanu 3a
KpuTepisMu AMepuKaHCBhKOI TUpeoigHol acomialii [30].

Y nocnimKkeHHs BKJIIOYAIMCh MAIIEHTH 3 By3JIOBUMM YTBO-
pennsimu 113, sxum He rmokaszaHo nipoBeneHHs1 TAITD By3-
aiB (THIRADS II).

YciM natieHTaM TTpoBOIMIIOCS] BUBYEHHSI TOPMOHAJTb-
Horo ctatycy 1113: BusHauaau piBeHb BUIbHOIO TUPOKCUHY
(8T,), BinbHOTO TpUitoaTUPOHiHY (BT,), TUPEOTPOMHOTO
ropmony (TTT), aHTuTiN 10 TUPEOrIOOYJIiHY, AHTUTI 10
THPEOIMHOI IIEPOKCHUIA3H.

3a po3po0IIEHOI0 CXEMOIO JOCTIIKEHHS TALIIEHTH 3 T~
¢y3HMM i 3MilIAHUM 3000M y CTaHi €yTUPEO3y OTPUMYBAIA
noeaHaHy komb6iHaito TipeoKuiny i Tupo3uHoHy 1o 1
KaIICyJli IBivi Ha mo0Yy; XBOPi Ha MUMY3HUI i 3MillIaHUi1 300,
CYOKJIIHIYHUI TUPEOTOKCUKO3 oTpuMyBasin TipeoKitiH mo
ONIHil KarcyJi ABivi Ha 100y; XBOPi Ha NU(y3HUIA i 3milIa-
HUIA 300, CYOKITIHIYHIM TimOTUpeo3 oTpuMyBaiau Tuposu-
HOH IT0 OIHIl Karicyi aBidi Ha 1o0y. CriocTepeskeHHS 3a
BUIIIEBKA3aHUMU MOKA3HUKAMU MPOBOAWIU J10 JiKyBaHHS
i uepes 3 micsii.

PoGoTa € pparMmeHTOM HayKOBO-AOCHiITHOI POOOTU
Kadenpu eHmokpuHoorii IBaHo-®paHKiBCbKOTO Ha-
LIiIOHAJbHOTO MEIUYHOTO YHiBepcuTeTy Ha TeMy «Hay-
KOBE OOTPYHTYBaHHS Ta YIOCKOHAJIEHHS MiaTrHOCTUKU i
JIIKyBaHHSI €HIOKPUHOIATiii HA OCHOBI BUBYEHHS IIpi-
OPUTETHUX €TiONMaTOreHeTUYHUX (paKTOPiB Ta KOMOP-
O0imHUX cTaHiB». JlepXaBHuU#l peecTpauiiHuii HOMep:
0120U105103.

Pe3yAbTaTK TO OGrOBOPEHHS

[lix BrmmBOM MpPOBEIEHOTO JiKyBaHHS BiIOyaucs 3MiHI
B KJIiHIYHili CUMIOTOMATHULI B YCiX TOCIiIXKYBaHUX TpyIiax.
V naui€eHTiB i3 CyOKJTiHIYHMM TUPEOTOKCUKO30M Ha TJIi SIK
BY3JIOBOTO, TaK i 3MillIaHOTO 3004, sIKi oTpuMyBasin Tipeo-
KiiH, mokpaluBcst eMOLIMHMI CTaH, HOpMaJli3yBaBCsl COH,
3MEHIITYBAJIUCS TPEMOD i I TJIUBICTh.

Pisui TTT, BT;, BT, uepe3 3 micsaui Biannmosinanu
cTanHy eytupeo3y. Ilpu mopiBHsSIHHI mokKa3HuUKiB Y3/l
L3 BcTtaHOBNIeHO BiporigHe 3MeHIeHHsS 00’ emy 1113 i3
20,95 + 3,11 c™M® mo 15,55 &+ 2,92 cm® (p < 0,05) y martieH-
TiB 3i 3MillIaHUM 3000M (CYOKJIiHIUHU TinmepTupeo3s) i 3
22,95+ 2,15¢em mo 17,05 = 1,65 em®(p < 0,05) — y martieH-
TiB i3 CyOKJTiHIiYHMM rirmotupeo3oM. HeoOximHo 3a3HaYUTH,
IO pO3Mipy BoTHUILEBUX yTBopeHb 113 3a 3 Micsi cro-
CTepeKeHHSI BipOTiTHO He 3MiHIOBAJIMCS.

OTtxe, mpuitom itonpenapary TipeoKJtiH y maliieHTiB 3
BY3JIOBUM i 3MillIaHUM 3000M i CYOKJIiHIYHUM TUPEOTOKCH -
KO30M CIIPUSIE TIOMIMIIEHHIO Cy0’€KTUBHOTO CAMOTIOUYTTS,
Hopmadizauii piBHiB TTT.

OtpumaHi HaMU JaHi o010 e(peKTUBHOCTI iTomperna-
paTy, y CKJIajli SIKOTO MiCTUTBCSI CYXMil eKCTPaKT KOPEHiB i
KOPEHEBUIII ITIepcTady OiI0T0, Y3rOMKYIOThCS 3 TOCiIKEeH-
HSIMU, SIKi Oyyiu TipoBeieHi B YKpaiHi [8, 10].

XBopi Ha nMGy3HUI i 3MilIaHUK 300 i3 CyOKIiHIU-
HUM TilIOTUPEO30M OTpUMYBaiu THUPO3UHOH MO OAHIN
Kamcyai IBiui Ha o0y NpOTSAToM Tpbox MicaliB. Ye-
pe3 3 micani 95,9 % manieHTiB Big3HavyagM MOJITIIEeH-
HSI 3aTaJIbHOTO CTaHY: 3MEHIIYBaJMCS BTOMJIIOBAHICTb,
MJISIBiCTh, COHJIMBICTb, HAOPSIKM O0MMYYSI, BUIIadiHHSI
BOJIOCCS, MOKpAIIMBCS CTaH IIKipH, 110, iMOBipHO, 00Y-
MOBJIEHO MOJIMNIIEHHSIM TUPEOiaHOro cTatycy. Tak, no-
CATHYTO eyTupeo3y B 91,7 % mauieHTiB i3 nudy3HuM
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3000M i cyOKJIiHIYHMM TinmoTupeo3oM i B 92,0 % naliieH-
TiB 3i 3MilIaHUM 3000M, 110 TOBOAUTH €(EKTUBHICTH
3acTocyBaHHS Tupo3mHOHY Ipu rimotupeosi. [1pu ana-
JTi3i nmHaMiky mokasHukiB Y31 1113 BcTaHOBIEHO TeH-
IeHIlilo 10 3MeHIIeHHs 00’emy I3 B maiieHTiB 000X
rpym: i3 21,15 £ 3,02 cm® mo 18,69 & 2,92 cm® (p > 0,05)
y mauieHTiB 3i 3Mimanum 3060M i 3 23,56 + 2,25 cm?®
no 21,25 £ 1,55 cm®y nauieHTiB 3 nudy3HuM 3060M
(p > 0,05). Po3mipu BoruuieBux yrBopeHpb 1113 Takox
BipOTiTHO He 3MiHIOBaIKUCS.

Ha Hairy mymMKy, 1Utst Kpaiioro Ta ImBUILIOTO 3MEHIIICH-
Hs1 pO3MipiB 300a MOXHA peKOMEHAYBATU MiACUIUTU e(PeKT
Tupo3uHoHy nogaTkoBUM Tipu3HaueHHAM TipeoKiiny B
JaHiii KOropTi Mali€HTiB, 10 MOXKe OYTHU METOIO MOAABIIINX
TOCITIIKEHb.

LlikaBruMU, Ha HaIl MOTJISIA, OyJIW pe3yabTaTh, OTPU-
MaHi B rpyrnax naui€HTiB, SKi MpuiiMaiu KOMIUIEKCHY Te-
partito 3 BKJIFOUeHHSIM JIBoX (piTonpenapatiB (Tupo3nHoHy
i TipeoKuiHy) mo onHiil Kamncyi IBidi Ha J€Hb IPOTSTOM
TPBHOX MICSIIB. Y Mali€HTIB K 3 Tu(y3HUM, TaK i 3i 3Mi-
LIaHUM 3000M, sIKi IepeOyBajiu B CTaHi eyTUpeo3y, Cy0’ eK-
TUBHO 3MEHIIUJIOCH BiIUyTTS TUCHEHHSI, 3/1aBJIIOBAHHS B
ninsiHui 113, mokpamuiock camornouyTTsi. [TokasHUKM
TUPEOITHOIO CTAaTyCy Ta PiBHi aHTUTIJI HE 3MiHUIUCH, 110
TTO3BOJISIE 3aCTOCOBYBATH JaHi (piTonpenapaTu B MalieHTIB
i3 aBTOIMyHHUM THpeoinuToM. [1opiBHSIHO 3 MOKa3HUKAMU
IIO JIIKyBaHHSI CIIOCTEPIirajioch BiporimHe 3MeHIIeHHS 00’€-
my II3: i3 21,85 + 2,71 cm® 1o 15,85 = 2,95 cm® (p < 0,05)
B MalieHTiB 3 nudy3HUM 3000M i 3 22,18 + 2,93 cm® no
16,15 £ 2,95 cM® (p < 0,05) y mawieHTiB 3i 3MilTaHUM 30-
60oM. TakoxX CIIi Bim3HaYuTH, 1110 B 58 % XBOPUX ITiCJIS JTi-
KyBaHHSI TOKpaliuaach exorpadiuHa cTpykTypa TKAaHUHU
1113 i criocrepiranach TEHACHILiS 40 3MEHIIEHHS pO3MipiB
By31iB. ToMy mamieHTaMm, Ha Hally JyMKY, HEOOXiIHO pe-
KOMEHIyBaTH Nponosxuty npuiioM TipeoKiiHy no mectn
MicCsI1iB.

Ortxe, moeaHaHa Teparist itonpenaparamu Tupo3u-
HoH i TipeoKuiH y nmauieHTiB i3 1Mdy3HUM i 3MillITaHUM
3000M, $IKi TiepeOyBaiu B CTaHi €yTUPeo3y, Cy0 EKTUBHO
MOKpalllye CTaH Malli€EHTiB, CIPUSIE YTPUMaHHIO OajlaHCy
ropmoHiB 1113, 3MeHIIeHHIO po3MipiB i By3mis L13.

HeoOxinHo 3a3HaYuTH, 1O MiA Yyac JOCTiJXEeHHS B
JKOAHOTO MalieHTa He 0yJI0 HEMepeHOCUMOCTi, mobiu-
HOI Aii Ym ajieprivyHoi peaxlirii Ha TOCiaKyBaHi diTormpe-
naparu.

BucHoBKkM

Otxe, HaMH alpoOOBaHO i1 TOBeAEHO €(PEKTUBHICTS i
OesreKy 3acTocyBaHHs ¢iTornpenapariB TuposnHoH, Tipeo-
Kutin Ta ix kom6iHanii. Ha ocHOBI mpoBeneHoro HaMu 10-
CJIIDKEHHS MOKa3aHo, 1110 JaHi ¢iTompenapaTyi MOXHa 3a-
CTOCOBYBATH B TAKMX CXeMaXx JIiKyBaHHSI:

— Tupo3MHOH peKOMEHIO0BAHO SIK MOHOTEPAITiI0 TTPO-
TSTOM TPbOX MICSILIiB MO OJHIM KarcyJi Bivi Ha AeHb Nalli-
€HTaM 3 EHIEMIiYHMM Ta 3MiIIaHUM 3000M 3 TilMo(QYHKIIEIO
113 Ta eyTupeo3om;

— TipeoKiin pekoMeHI0BaHO SIKi MOHOTEPAIIiIO IIPO-
TSITOM ILIECTU MICSILIIB 110 ONHIl KaricyJii ABivi Ha JeHb Ta-
LiEHTaM 3 EHIEeMiYHMM Ta 3MilllaHUM 3000M i3 rineppyHK-
miero 1113 Ta eytupeosom.

V xBopux Ha eHIEeMIYHUH i 3MilIaHuii 300 6e3 Imopy-
meHHs Gynkuii 1113 pekomeHIoBaHO KOMOiHOBaHe JIiKy-
BaHHs1 Tupo3uHoHoM i TipeoKiinoMm mo omHiil Kamcymi
IIBiYi Ha JeHb MPOTSATOM TPHOX MICSIIiB i TPOJOBKEHHS
npuiiomy TipeoKiiHy 10 mecty MicsiiiB.

KonduikT inTepeciB. ABTOpU 3asBJISIIOTH PO BiICYTHICTh
KOHJIIKTY iHTepeciB i BiracHOi (piHaHCOBOI 3a1liKaBJIEHOCTI
MPU MiATOTOBII JaHOI CTATTi.
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Effectiveness of phytotherapy in the treatment
of thyroid dysfunctions

Abstract. Background. Nowadays, phytotherapy remains one of
the promising methods of comprehensive treatment for thyroid
dysfunctions. The aim is to study the effectiveness, safety and tole-
rability of herbal preparations Tireoclean, Tyrosinon, as well as
their combination. Tyrosinon contains L-tyrosine, brown algae
extract (corresponding to 50 ug of iodine), zinc, copper and folate.
Tireoclean contains dry extract of roots and rhizomes of cinquefoil,
dry extract of chokeberry fruits, dry extract of flowers and fruits
of blood-red hawthorn, sodium selenite. Materials and methods.
One hundred and forty-even patients with diffuse and mixed goiter
with different functional states of the thyroid gland were observed
(23 — diffuse goiter, euthyroidism; 24 — diffuse goiter, subclinical
hypothyroidism; 22 — diffuse goiter, subclinical thyrotoxicosis;
27 — mixed goiter, euthyroidism; 25 — mixed goiter, subclinical
hypothyroidism, 26 — mixed goiter, subclinical thyrotoxicosis).
Results. Analysis showed that Tyrosinon can be recommended alone
or as comprehensive treatment for three months in patients with en-
demic and mixed goiter on the background of thyroid hypofunction
and euthyroidism. Tireoclean can be used alone for six months in
patients with endemic and mixed goiter with hyperthyroidism and
euthyroidism. In patients with endemic and mixed goiter without

thyroid dysfunction, combined treatment with Tyrosine and Tireo-
clean for three months and continued administration of Tireoclean
for up to six months is recommended. These recommendations
are based on the results of our study. Taking the herbal preparation
Tireoclean in patients with nodular and mixed goiter and subcli-
nical thyrotoxicosis contributed to improving subjective well-being,
normalizing thyroid-stimulating hormone levels and reducing goiter
size. The use of Tyrosine in patients with diffuse and mixed goiter
on the background of subclinical hypothyroidism contributed to
achieving euthyroidism, a tendency to reduce the volume of the
thyroid gland in patients of both groups. Conclusions. In our opinion,
the best effect was achieved with the combined use of both herbal
remedies: in patients with diffuse and mixed goiter who were in a
state of euthyroidism, thyroid status indicators remained normal,
antibody levels did not change, a significant decrease in the volume
and a tendency to reduce the size of thyroid nodules was observed.
None of the patients had an adverse reaction to the drugs during
the course of treatment, which indicates the safety of the use of
herbal remedies.

Keywords: thyroid gland; hypothyroidism; thyrotoxicosis; nodular
goiter; treatment; herbal therapy
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Dynamics of hormonal
and immunological parameters in patients
with acute pleural empyema

Abstract. Background. In case of acute pleural empyema, pronounced violations of cellular and humoral factors
of immunity, as well as non-specific resistance of the body are revealed. The purpose of our research: to analyze
and identify results of hormonal and immunological research in patients with acute pleural empyema depending
on the severity of disease. Materials and methods. Dynamics of hormonal and immunological changes has been
studied in 64 participants with acute pleural empyema who were treated with classical and minimally invasive
surgical methods. Patients were classified into 5 groups depending on disease severity determined according to
the criteria which included clinical and laboratory parameters, such as respiratory rate, heart rate, blood pressure,
temperature reaction, the number of affected particles, leukocytosis, SpO,. All the patients underwent a standard
examination, as well as determination of serum concentration of interleukin (IL) 6, IL-8, tumor necrosis factor (TNF)
a, C-reactive protein (CRP). Results. Assessment of blood cytokines in patients with acute pleural empyema
allows detecting hypercytokinemia with an increase in pro-inflammatory cytokines. Meanwhile, the degree of their
elevation differed depending on the disease severity. Study of structure of cytokine status allowed us to identify
that patients with severe course of pleural empyema had a significant increase in IL-6 and CRP. Nevertheless, the
severe course of the disease is associated with insufficient increase of IL-8 and TNF-a. Patients of the older age
group have deficiency of IL-8 and to a lesser extent IL-6. Complete blood count revealed higher total number of
leukocytes, neutrophils, pronounced left shift, increased erythrocyte sedimentation rate in patients with a severe
course of the disease. Conclusions. There have been identified factors which affect severe course of acute pleural
empyema: a decrease in oxygen saturation to less than 94 %, severity of dyspnea which exceeds 2 points on the
Borg scale, damage to 3 or more segments of lung tissue, and also numerous clinical signs of violation of anti-
infective protection, pronounced decrease in neutrophils, an increase in the concentration of CRP and insufficient
increase of IL-8 and TNF-a in blood serum.

Keywords: acute pleural empyema, hormonal and immunological disorders

Introduction

Surgical infection at acute pleural empyema leads to
formation of secondary immunodeficiency state which is
formed under influence of bacterial antigens and decay pro-
ducts of pathologically changed tissues. In spite of dramatic
development of thoracic surgery, the results of treatment
of acute pleural empyema remain unsatisfactory. Clinical
practice dictates the necessity of development of methods

of conservative therapy which could allow treating in the
shortest time inflammatory process in the lung tissue, pleural
cavity, achieving rapid scarring and elimination of residual
cavities [1-5].

Basic reasons of complications development and death
of patients with purulent diseases in lung and pleura lie in
the endogenous intoxication which is caused by decay of
cells and tissues. Main mechanisms of formation and entry
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of toxins into the bloodstream have been studied. Great im-
portance is given to destruction of basic biological substances
which are mainly protein and lipids [6]. Some authors believe
that the main source of toxins is destruction of protein [7].

For the time being a theory of “combined endotoxicosis”
prevails [8, 9]. In accordance with it, clinical manifestations
of endotoxicosis depend on cumulative pathological effect
of toxins on the body which can originate from any group of
substances [10]. Acceleration of protein destruction leads to
disorders of entire protein metabolism in patients with puru-
lent-destructive diseases of the lungs and pleura [7].

Toxins in patients with acute destructive diseases in lungs
and pleura lead to dystrophy of immunocompetent cells with
damage to the entire immune system at the moment when
its activity is of vital importance [11]. Some authors note
the suppression of activity of immune system at endotoxi-
cosis [12].

The outlined changes underlie spread of the purulent-ne-
crotic process in the lungs and pleura, lead to clinical and
biochemical disorders and promote occurrence of septic
shock in a number of cases [13].

The most spread test for evaluating the reaction of blood
cells to the presence of toxins in it is leukocyte index of in-
toxication. It expresses neutrophilic shift of the leukocyte
formula which indirectly indicates an increase in phagocy-
tosis and other processes or neutralization and disposal of
high molecular weight toxins. Changes of leukocyte index of
intoxication in patients with acute and chronic Iung abscesses
are related mostly to activation and increase of number of
neutrophils at endotoxicosis [14].

Leukocyte index of intoxication expresses only reaction
of the body to intoxication that is why there is task of integral
assessment of intoxication which is based on simultaneous
identification of intoxication itself, blood reaction to it and
reaction of main excretory organs to endotoxemia [15].

Death of patients with purulent-destructive diseases of
Iungs and pleura is caused mainly by endotoxicosis and mul-
tiple organ failure caused by it, fewer deaths from bleeding,
and with abscesses and gangrene of lungs in which purulent
intoxication is immediate cause of death in 75 % [16].

Formation of immune response is provided by interaction
of cells of immune system, the main role in which belongs to
cytokine which provides activation of inflammatory reaction
and immune response aimed at elimination of pathogen
[9, 17, 18].

Key role in the initiation and regulation of inflamma-
tory process is played by IL-1B and tumor necrosis factor
(TNF-a). Along with other inflammatory mediators they
activate and potentiate the action of IL-8, the migration
of leukocytes from the circulatory system into the focus of
inflammation [19].

The basic mediators of pleural fibrosis are cytokines
(IL-1B, TNF-a) and polypeptide growth factors [20, 21].

It becomes obvious from above, how relevant is the prob-
lem of effective correction of endotoxemia and related to it
homeostasis disorders and immunodeficiency which lead to
violation of adaptation and reparative processes. The most
important things in treatment of destructive diseases of lungs
and pleura are sanitation and drainage of abscesses, adequate
antibacterial therapy and correction of homeostasis, creation

of conditions for adequate drainage of purulent abscesses
and active medical treatment and infusion and transfusion
therapy [22].

Recovery is the closest result of disease in patients with
acute pleural empyema which involves elimination of cavity
by forming limited pleurodesis which does not disrupt the
function of external breathing. There is necessity of complex
assessment of the expressiveness of changes in the pleural
cavity and lung tissue, as well monitoring of the process of
resorption of fibrous layers [4, 22].

Apart from surgical treatment, etiotropic and correction
aspect of secondary immunodeficiencies which accompany
the mentioned above thoracic pathology, are always taken
into account. The problem of terms, appropriateness remains
relevant, as well as the criteria of using etiotropic treatment
and methods of correction of indicators of immune status
with the goal of increasing effectiveness of surgical treatment
of patients with pleural empyema.

Some literature sources testify to the high effectiveness of
methods of immunological correction when treating acute
pleural empyema, others deny it.

Based on controversy of the data of scientific research, we
consider to be appropriate our attempt to reveal the problem
of dynamics of changes of laboratory and immunological in-
dicators in patients with acute pleural empyema in the course
depending on the severity of the course of disease.

The purpose of our research is analysis and identification
of results of hormonal and immunological studies in patients
with acute pleural empyema depending on the severity of the
course of disease.

Materials and methods

The research included 64 patients with acute pleural em-
pyema which were treated at the clinical base of the Depart-
ment of general surgery, normal and topographic anatomy
of Educational and Scientific Medical Institute of National
Technical University “Kharkiv Polytechnic Institute” —
V.T. Zaytsev Institute of General and Urgent Surgery of the
National Academy of Sciences of Ukraine. The study was
conducted in 2018—2023.

The research met international requirements CONSORT
and had corresponding design — retrospective and prospec-
tive randomized clinical trial in which the results of treatment
of acute pleural empyema were compared taking into account
use of minimally invasive intrusions and the severity of the
course of disease.

Ethical principles of the research were observed. Permis-
sion for the research was granted by the ethical commission
of Educational and Scientific Medical Institute of National
Technical University “Kharkiv Polytechnic Institute” (minu-
tes of the meeting No. 2 from October 13, 2023). Written
informed consents for the use of the results of treatment for
the research were gained from all the patients.

The patients were classified into 5 groups and were
treated by classical and minimally invasive methods, or
their combination. The first group included 21 (32.8 %) pa-
tients with acute pleural empyema aged from 20 to 40 years
without destruction of the lung tissue. The second group
included 8 (12.5 %) patients with acute pleural empyema
at the age of 20—40 years with a severe course, with de-
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struction of the lung tissue. The third group included 14
(21.9 %) patients with acute pleural empyema aged from
40 to 60 years without destruction of the lung tissue. The
fourth group included 9 (14 %) patients with acute pleural
empyema at the age of 40—60 years with a severe course,
with destruction of the lung tissue. The fifth group inclu-
ded 12 (18.8 %) patients with a protracted course of pleural
empyema.

In all the above-mentioned comparison groups, a ho-
mogeneous distribution is determined by the ratio of gen-
der, age and the studied nosology. Validity of differences
between the groups was defined by non-parametric crite-
ria 2. Critical level of significance was taken at the level of
p = 0.05.

Laboratory and diagnostic studies were conducted ac-
cording to classical unified methods generally accepted in
the clinic and included: clinical tests of blood and urine,
examination of the content of protein and its fractions,
bilirubin, urea, creatinine, glucose, amylase, liver enzymes
(AST, ALT, alkaline phosphatase) in the blood; the condi-
tion of blood coagulation system was studied. Laboratory
studies were conducted at all the stages of treatment of the
patients in clinic.

The diagnosis of acute pleural empyema was established
on the basis of characteristic complaints, objective examina-
tion data and instrumental research methods. The severity of
the course of pleural empyema was determined according to
the criteria stated in the clinical guidelines which comprise
such clinical and laboratory indicators: respiratory rate, heart
rate, blood pressure, temperature response, number of affec-
ted particles, leukocytosis, SpO,.

According to the design of the research, at the first stage
all the patients with acute pleural empyema included into
the research underwent a standard examination, and also
determination of serum concentration IL-6, IL-8, TNF-q,

C-reactive protein (CRP). Each one was offered to answer
questions of a questionnaire as for detection of signs of in-
toxication.

Statistical processing of digital data was conducted on a
personal computer using programs Excel 2010, SPSS and free
software for statistical calculations R. The representativeness
of the research was assessed according to the Mann-Whitney
test, by the Student’s t-test and the y? test, confidence in-
tervals by the Clopper-Pearson method. For comparison of
averages, we used Fisher’s test. The results were considered
statistically significant at p = 0.05.

Results

When studying results of general blood analysis, it has
been identified that severe course of acute pleural empyema
was accompanied with leukocytosis and increase of core
shift index. Significant differences were found between
groups of patients with severe and mild course of disease. In
the first group, average number of leukocytes in the general
blood analysis was less than 7.40 + 4.23 X 10°/1 compared to
the second group in which the average number of leukocytes
was 12.43 + 9.66 x 10°/1 (p = 0.02). At the same time, no
significant difference in the absolute number of neutrophils
between first and second group was found. Indicators of
the general blood analysis in patients with acute pleural
empyema in groups 1 and 2 before and after treatment are
presented in Tables 1, 2.

However, core shift index in the second group was sig-
nificantly higher than in the first group of patients with acute
pleural empyema (p = 0.005).

On the 14" day from the moment of hospitalization, pa-
tients in the first group showed normalization of the total
number of leukocytes to the average value 6.40 + 6.16 X 10°/1,
confidence probability (p) was 0.06 (T, Wilcoxon). During
more in-depth analysis significant decrease of number

Table 1. Indicators of general blood analysis in patients with acute pleural empyema
in group 1 before and after treatment

Indicator Before treatment p After treatment
L (x 10%1) 7.40 + 4.23 0.69 6.40 +6.16
N (in 1 mcl) 5334.90 + 3694.69 0.02 2733.4 + 1384.9
Core shift index 0.090 + 0.105 0.005 0.020 + 0.021
Lymphocytes (in 1 mcl) 82.10 + 657.32 0.03 1127.30 + 653.12
Monocytes (in 1 mcl) 356.40 + 262.66 0.03 189.50 + 150.36
ESR (mm/h) 34.20 = 15.25 0.002 19.60 + 14.21

Table 2. Indicators

of general blood analysis in patients with acute pleural empyema
in group 2 before and after treatment

Indicator Before treatment p After treatment
L (x 10%1) 12.40 + 9.66 0.15 6.40 +2.44
N (in 1 mcl) 8900.40 + 7242.68 0.10 4222.90 + 1401.71
Core shift index 0.310 £ 0.352 0.08 0.030 £ 0.032
Lymphocytes (in 1 mcl) 2940.60 + 2999.86 0.46 1833.60 + 741.24
Monocytes (in 1 mcl) 571.80 + 542.23 0.94 397.00 + 403.12
ESR (mm/h) 45.25 + 18.29 0.4 33.00 + 16.43
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of neutrophils was identified from 5334.90 + 3694.69 to
2733.4 + 1384.9 in 1 mcl (p = 0.02), core shift index de-
creased from 0.090 & 0.105 to 0.020 £ 0.021 (p = 0.005),
number of lymphocytes decreased. Absolute number of
monocytes was decreasing to the moment of discharge from
the hospital. Their number was less than 400 in 1 mcl in
67.3 % patients which often took place in groups 1, 3 and 4 of
patients. Average value of ESR decreased from 34.20 + 15.25
to 19.60 £ 14.21 mm/h (p = 0.002).

In the second group on the background of treatment,
there was decrease of general number of leukocytes by almost
two times from 12.70 &+ 9.66 % 10°/1 to 6.40 + 2.44 x 10°/1.
When analyzing the leukocyte formula, there was noted de-
crease of number of neutrophils from 8900.40 + 7242.68 to
4222.90 £ 1401.71 mcl (p = 0.1), decrease of core shift index
from 0.310 &+ 0.352 to 0.030 £ 0.032, and also a decrease in
the absolute number of monocytes and lymphocytes was
noted.

Indicators of red blood between first and second groups
did not differ. Average number of hemoglobin in patients
of the first group was 134.10 = 21.06 g/I, average number
of erythrocytes 4.60 £+ 0.59 x 10"2/1. In the second group,
average number of hemoglobin in the general blood test
was 129.80 *+ 16.29 g/1, average number of erythrocytes
4.30 x 10"/1.

In the first group, two patients had mild anemia. In the
second group one patient had mild anemia and one more
patient had anemia of medium severity.

In the third group of patients, number of leukocytes in
the general blood test was lower (6.30 + 2.11 x 10°/1) com-
pared to the fourth group in which average number of leu-
kocytes was 10.40 £+ 2.47 x 10°/1 (p = 0.002). In the third
group, general number of segmented neutrophils was also less
significant than in the fourth group. Besides, core shift index
was significantly increased in the fourth group compared

to the third group of patients with acute pleural empyema,
0.13 £ 0.15and 0.040 & 0.032, respectively (p = 0.03). At the
same time, number of lymphocytes and monocytes did not
experience significant differences.

Indicators of red blood did not have significant diffe-
rences between patients of the third and fourth groups. In
the third group of patients with acute pleural empyema at the
time of admission to the hospital, concentration of hemoglo-
bin was 141.70 £ 11.47 g/1, average number of erythrocytes —
4.70 £+ 0.38 x 10"%/1. In the fourth group, average number
of hemoglobin at the time of admission to the hospital was
137.70 £ 7.32 g/1, and average number of erythrocytes was
4.50 £ 0.35 x 10"/1. Signs of anemia among patients of group
3 and 4 were not found.

On the 14" day from the moment of hospitalization,
patients of group 3 showed decrease of average number of
monocytes in the peripheral blood and moderate increase
of ESR. In the comparative analysis of dynamics of indi-
cators of general blood analysis, during a two-week period
core shift index decreased significantly from 0.040 + 0.032
t0 0.020 £ 0.019 (p = 0.02) and ESR from 32.10 £ 12.37 to
22.7 £ 9.5 mm/h. Indicators of general blood analysis in
patients with acute pleural empyema in group 3 before and
after treatment are shown in Table 3.

On the 14™ day from the moment of hospitalization,
patients of the fourth group showed significant decrease
of total number of leukocytes from 10.40 + 2.47 x 10°/1 to
6.20 = 2.07 x 10°/1 (p = 0.001), decrease of average number
of neutrophils from 6781.30 & 1485.73 to 3917.60 + 1736.03
(p =0.0005). Indicators of general blood analysis in patients
with acute pleural empyema of group 4 before and after treat-
ment are shown in Table 4. No significant difference between
average values of other indicators of general blood analysis
studied with an interval of 2 weeks in the fourth group of
patients has been found.

Table 3. Indicators of general blood analysis in patients with acute pleural empyema
in group 3 before and after treatment

Indicator Before treatment p After treatment
L (x 10%1) 6.30 + 2.11 0.11 5.50 + 1.66
N (in 1 mcl) 4190.1 + 1773.8 0.4 3579.10 + 1392.28
Core shift index 0.040 £ 0.032 0.02 0.020 £ 0.019
Lymphocytes (in 1 mcl) 1851.90 + 640.98 0.48 1661.60 + 648.18
Monocytes (in 1 mcl) 353.80 + 263.04 0.3 229.40 + 153.27
ESR (mm/h) 32.10 £ 12.37 0.0008 22.7+9.5

Table 4. Indicators of general blood analysis in patients with acute pleural empyema
in group 4 before and after treatment

Indicator Before treatment p After treatment
L (x 10%1) 10.40 + 2.47 0.001 6.20 + 2.07
N (in 1 mcl) 6781.30 + 1485.73 0.0005 3917.60 + 1736.03
Core shift index 0.13+0.15 0.25 0.060 + 0.012
Lymphocytes (in 1 mcl) 2259.70 + 1410.36 0.65 1973.80 + 651.73
Monocytes (in 1 mcl) 332.00 + 199.11 0.56 270.60 + 170.39
ESR (mm/h) 47.80 + 13.72 0.07 36.20 = 11.62
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Table 5. CRP concentration in different groups of the studied patients with acute pleural empyema

Groups N Median 10" percentile | 90" percentile Std dev. p
1 21 28 1.4 192 61.67
P,,=0.1
2 8 96 9.5 384 164.19
3 14 15.2 1.7 117 51.65
P,,=0.02
4 9 93.2 9 192 55.78
1+3 35 20.5 1.7 192 60.31
P(1 +3)-(2+4) — 0.01
2+4 17 115.4 9.5 384 118.92
. Table 6. Correlation analysis of serum CRP

It should also be noted that among patients of groups 3 concentration
and 4 on the background of the conducted treatment mono- S
cytopenia was identified probably due to the migration of Indicators peaFr‘man, p
cells into the focus of inflammation. -

Concentration of CRP in the blood serum exceeded | CRP & leukocytosis 0.50 < 0.001
the norm in all cases of acute pleural empyema. In the first CRP & neutrophils 0.49 < 0.001
group of patients, median concentrations in the blood se- CRP & lymphocytes 0.34 0.020
rum was 28.0 [1.4; 192] mcg/ml, in the second group 96.0 CRP & : 0.27 0.070
[9.5; 384.0] mcg/ml, but no significant difference between monocytes . .
groups 1 and 2 was received (p = 0.1). CRP & core shift index 0.69 < 0.001

In the third group, median CRP value was 15.2 [1.7;
117.0] meg/ml, and in the fourth group, 93.2 [9.0; 192]. Dif-
ference between these groups is significant (p = 0.02). CRP
concentration in different groups of the studied patients with
acute pleural empyema is presented in Table 5.

However, having united patients from the first and third
groups with mild course of pleural empyema, and patients
from the second and fourth groups with severe course of
pleural empyema we saw that CRP concentration in blood
serum in patients with severe course of disease turned out to
be almost several times higher than in the group with mild
course of disease 115.4 [9.5; 384] mcg/ml and 20.5 [1.7;
192] mcg/ml correspondingly (p = 0.01).

The correlation analysis method established the relation-
ship of average strength between the serum concentration of
CRP and the parameters of the general blood analysis. The
relationship between the serum concentration of CRP and
the number of leukocytes, segmented neutrophils, core shift
index and lymphocytes was revealed. The correlation analysis
of serum concentration of CRP is presented in Table 6.

A direct relationship of average strength between the
serum concentration of CRP and BH was determined
(r=0.42; p=10.004), between degree of shortness of breath
by the Borg scale and CRP serum concentration (r = 0.37;
p = 0.01). A direct inverse relationship between CRP se-
rum concentration and SpO, (r = —0.38; p = 0.01) was re-
ceived. The results provided in Table 7 show that increase
of CRP concentration in the blood serum is associated with
increasing symptoms of respiratory failure, namely: increase
of respiratory rate, severe dyspnea, which was assessed by
the Borg scale [24], and also oxygen saturation of tissues
decreases.

Discussion

Increase of IL-6 level above normal indicators in patients
with acute pleural empyema has been found in all the groups
of the research. However, its indicators exceeded normal rate
to a much greater extent in patients with severe course of di-

Table 7. Correlation between clinical manifestations
and CRP serum concentration in patients
with acute pleural empyema

Indicators Speaaman, o]
CRP & body temperature 0.108 0.48
CRP & CAT -0.2 0.17
CRP & DBP —-0.06 0.09
CRP & pulse 0.35 0.02
CRP & respiratory rate 0.42 0.004
CRP & SpO, -0.38 0.01
CRP & Borg scale 0.37 0.01

sease. In the first group, median serum concentration of IL-6
was 48.9 [0.0; 104.5] pg/ml which is lower that IL-6 concen-
tration in the serum of patients from the second group, where
average median was 95.2 [16.4; 204.0] pg/ml.

A similar picture was observed between the third and
fourth groups in which serum concentration medians were
5.8410.0; 109.4] and 113.5 [5.2; 244.2] pg/ml corresponding-
ly. No significant difference was found between the groups.

However, having united patients from the first and third
groups with mild course of pleural empyema into one group
in which all the patients had mild course, and also patients
from the second and fourth groups with severe course of
pleural empyema, we found that IL-6 concentration me-
dian in patients with severe course of pleural empyema was
104.2 [5.2; 244.2] pg/ml when in patients with mild course
of disease it was 20.3 [0.0; 109.4] pg/ml with significant dif-
ference (p = 0.01). IL-6 serum concentration in groups of
patients with severe course of pleural empyema is presented
in Table 8.

IL-8 concentration in cases of severe course of pleural
empyema turned out to be lower than in patients with mild
course of disease. In the united group of patients with severe
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course of pleural empyema serum concentration median was
3.6 [0.0; 92.6] pg/ml. In groups of patients with mild course
of acute pleural empyema, it was 73.7 [0.0; 253.1] pg/ml.
A significant difference between patients with severe and
mild course of pleural empyema (p = 0.04).

In the second group which includes patients with severe
course of disease at the age from 20 to 40 years, IL-8 serum
concentration median was 3.1 [0.0; 92.6] pg/ml. In patients
of the first group which included patients with mild course
of acute pleural empyema, serum concentration median was
85.3 [0.0; 253.1] pg/ml. No significant differences between
these groups were found (p = 0.16). IL-8 serum concentra-
tion in groups of patients with pleural empyema is presented
in Table 9.

In the fourth group which included patients at the age of
41—60 years with severe course of acute pleural empyema,
1L-8 serum concentration median in blood was 3.6 [0.0;
4.8] pg/ml. In patients of third group at the age of 41—60
years with mild course of acute pleural empyema, IL-8 se-
rum concentration median was 4.8 [0.0; 102.8] pg/ml, that
is considerably lower but the difference between these groups
turned out to be insignificant.

When analyzing TNF-a concentration in the blood se-
rum, it has been found out that in patients with severe course
of acute pleural empyema its mean value was lower than in

patients with mild course of disease. Thus, in the united
group of patients with severe course of acute pleural empy-
ema TNF-a concentration in the blood plasma was 9.9 [4.0;
22.0] pg/ml, while in the group with mild course of disease
it was 18.0 [10.4; 30.9] pg/ml (p = 0.002).

Similar data was obtained in the group of patients with
acute pleural empyema at the age from 20 to 40 years with
severe course of disease. In the patients of this group, the
median indicator was 8.4 [4.0; 23.5] pg/ml, and in patients
with mild course of disease it was 20.7 [9.4; 30.9] pg/ml
(p = 0.04). In the group of patients with severe course of
acute pleural empyema at the age from 41 to 60 years, ave-
rage concertation of TNF-a was 10.9 [7.9; 13.4] pg/ml, while
in the patients of this age with mild course of disease it was
16.5 [14.1; 32.1] pg/ml (p = 0.03). Serum concentration of
TNF-a in groups of patients with acute pleural empyema is
presented in Table 10.

Among the examined patients with acute pleural em-
pyema, there were 12 patients with prolonged course of the
disease. Average number of bed-days in this group equaled
to 29.50 * 3.12 days. Average age of patients in the group
with prolonged course of the disease was 34.20 = 0.03 years.
Among patients of this group, there were 6 men and 6 wo-
men. The onset of the disease in this group of patients was
acute; they sought medical help in the first 1—5 days af-

Table 8. IL-6 serum concentration in groups of patients with acute pleural empyema

Groups N Median 10" percentile | 90" percentile Std dev. o]
1 21 48.9 0.0 104.5 60.33
P,,=0.14
2 8 95.2 16.4 204.0 77.24
3 14 5.9 0.0 109.4 85
P,,=0.9
4 9 113.5 5.2 244.2 84.93
1+3 35 20.3 0.0 109.4 50.03
P(1 B2+ 4) 0.01
2+4 17 104.2 5.2 2442 76.82
Table 9. IL-8 serum concentration in groups of patients with acute pleural empyema
Groups N Median 10" percentile | 90" percentile Std dev. p
1 21 85.3 0.0 253.1 118.08
P,,=0.16
2 8 3.1 0.0 92.6 45.37
3 14 4.8 0.0 102.8 51.57
P,,=0.14
4 9 3.6 0.0 4.8 2.28
1+3 35 73.7 0.0 253.1 107.39
I:)(1 +3)-(2+4) 0.04
2+4 17 3.6 0.0 92.6 30.19
Table 10. Serum concentration of TNF-a in groups of patients with acute pleural empyema
Groups N Median 10" percentile | 90" percentile Std dev. o]
1 21 20.7 9.4 30.9 8.27
P,,=0.04
2 8 8.4 4.0 23.5 7.81
3 14 16.5 14.1 32.1 8.29
P,,=0.03
4 9 10.9 7.9 13.4 2.1
1+3 35 18.0 10.4 30.9 7.82
P(1 +3)-2+4) = 0.002
2+4 17 9.9 4.0 22.0 7.82
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ter the onset of the disease. Three of 12 patients had severe
course of the disease. Six patients had signs of violation of
anti-infective protection, average number of clinical viola-
tions of anti-infective protection in this group of patients
was 4.80 + 1.03. All the patients had prolonged fever from
37.5t039.8 °C.

In general blood analysis in patients of this group, ave-
rage content of leukocytes equaled to 6.20 + 1.86 % 107/1,
average number of neutrophils was 4083.10 = 1721.61 in
1 mcl, lymphocytes 1661.10 + 702.94 in 1 mcl, monocytes
322.9 £ 82.5 in 1 mcl, core shift index 0.090 £ 0.106, ESR
27.9 £ 16.8 mm/h.

Conclusions

Thus, estimation of evaluation of the cytokine spectrum
of blood serum of patients with acute pleural empyema al-
lows acknowledging the state of hypercytokinemia with an
increase in pro-inflammatory cytokines. At the same time,
the degree of their increase differed depending on the severity
of acute pleural empyema.

Study of the structure of cytokine status made it possible
to discover that patients with severe course of acute pleural
empyema had significant increase of concentration of 1L-6
and CRP. Nevertheless, severe course of disease is associated
with insufficient increase of IL-8 and TNF-a. Deficiency of
1L-8 and to a lesser extent IL-6 is manifested in patents of
the older age group. In general blood analysis, higher indi-
cators of the total number of leukocytes, neutrophils, shift of
the leukocyte formula to the left, increase of ESR in patients
with severe course of disease have been found.

We have identified high clinical value of such criteria of
acute pleural empyema course as decrease in oxygen satu-
ration to less than 94 %, severity of shortness of breath which
exceeds 2 points by Borg scale, damage to 3 and more seg-
ments of lung tissue as well as multiple clinical signs of vi-
olation of anti-infective protection, significant decrease of
neutrophils, increase of concentration of C-reactive protein
and insufficient increase of IL-8 and TNF-a in blood serum.
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TkayeHko B.B."%, boviko B.B.?*, Kpiak B.B."3, CouyHeBa A.A.", MiHyxiH A.B.?,
Mepkynros A.O.% [pboma B.I"2 [NoHomapsosa B.B.", [LlapmasaHosa O.11."
" HaBYQABHO-HQYKOBU MEANYHNM IHCTUTYT, HQLIOHQABHW TEXHIYHWK YHIBEDCUTET «XQPKIBCHKUM MOATEXHIYHWU IHCTUTYT,

M. Xapkis, YkpaiHa

2 XQpKiBCbKM HQLIOHQABHA MEAMYHI YHIBEPCUTET, M. XapKiB, YKpQiHO
3 AY «(IHCTUTYT 3QranbHOI TQ HEBIAKAQAHOI Xipyprii imeHi B.T. Saviuesa HAMH YkpaiHu», m. Xapkis, YkpaiHa

ANHAMIKA FOPMOHOABHUX TA iIMYHOAOTYHMX NOKCA3HUKIB
Y XBOPUX HO rOCTPY eMmnieMy NAeBpu

Pesiome. Axmyaavnicme. TIpu roctpiii emiieMi mwieBpy BUSIBIIsA-
I0Tb BUPaXKeHi MOPYIIeHHS] KIITUHHUX i TyMOpaJbHUX (DaKTOpiB
IMYHITETYy, a TaKOX Hecrneln(hiyHOI pe3CTEeHTHOCTI OpraHi3my.
Mema: anani3 i BU3HaUEHHS pe3yJIbTaTiB TOPMOHAJIBHUX Ta iMy-
HOJIOTIYHUX AOCJIIKXEeHb B 0Ci0 i3 TOCTPOIO eMITiEMOIO IIEBPU
3aJIeXKHO Bill TSIKKOCTI mepe0iry 3axBopioBaHHsl. Mamepiaiu ma
Mmemodu. BuB4eHO TMHAMiKy TOPMOHAJIBHUX Ta iMYHOJIOTIYHUX
3MiH y 64 XBOpUX Ha TOCTPY EMITIEMY IUIEBPH, SIKMX JIKYBaJIX 3a
JIOTIOMOTOI0 KJIACMYHUX i MaJIOiHBa3MBHUX XipypriYHMX METOMIIB.
YyacHUKM OyM pO3MOIiAeHi Ha 5 IPyIl 3a CTYIEHEM TSKKOCTI
3aXBOPIOBAHHSI, 1110 BU3HAYAIU 32 KPUTEPISIMHU, SIKi BKITIOYAIN
HACTYITHI KJIiHiKO-JIa00paTOPHi MOKA3HUKM: YaCTOTa TUXAaHHS,
MmyJabCy, apTepiaJbHUI TUCK, TeMIIepaTypHa peakilisi, KiTbKiCTb
ypakeHUX 4acTok, jelikounros, SpO,. B ycix nauieHTiB mpoBoau-
JIM CTaHIAPTHE OOCTEXKEHHS, a TAKOXK BUBYAIM CUPOBATKOBY KOH-
ueHrpauito inrepieiikiny (IJ1) 6, 1J1-8, ¢hakTopa HEKpO3y IMyXJIMHI
a (OPHIT-a), C-peakruBHoro 6inka (CPB). Pezyiomamu. O1iH-
Ka IIUTOKIHOBOTO CIEKTpa y XBOPUX HA TOCTPY EMITIEMY IJIEBPU
NO3BOJISIE KOHCTATYBaTH CTaH TillepLUUTOKIHEMIT 3 TiABUIIEHHSIM
npo3anajlbHUX HUTOKIHIB. [1py 1IbOMY CTYITiHb OCTAHHBLOTO Bill-

PIi3HSIBCS 3aJIEXKHO Bill TSDKKOCTI XBOpoOu. BUBUEHHST CTPYKTypu
LIUTOKIHOBOTO CTATYCY JI03BOJIMJIO BCTAHOBUTH, 1LII0 Y XBOPUX i3
TSDKKMM TepebiroM eMITiEMHU TIJIEBPU CIIOCTepirajocs BiporiaHe
3pocranHs KoHueHTpauii 1J1-6 ta CPB. I1pore Tsxkuii epebir
3aXBOPIOBAHHSI ITOB’SI3aHUI 13 HeAOCTaTHIM miaBuIneHHIM 1JI1-8 i
DHII-a. Y nauieHTiB cTapiinoi BikoBOi TPy BUPaXXeHMi 1ediliuT
1J1-8 i MmeHmI010 Mipoto 1J1-6. Y 3arapHOMY aHaTi3i KpOBi XBOPHX i3
TSDKKUM T1epebiroM 3aXBOpIOBaHHS BUSIBJICHO 301UIbIIIEHHS 3aTalb-
HOI KiJIbKOCTI JICMKOLMTIB, HEUTPO(DiTiB, BUpaXkKeHUIi 3CyB JIeii-
KOLMTapHOI (popMyiu BIiBO, MiABUILEHHS IIBUIKOCTI OCiTaHHS
epUTPOLUTIB. Bucrosxu. BuzHaueHo (hakTopu, 1110 BIUIMBAIOTh Ha
TSDKKUI TIepeOir TOCTPOoi eMITiEMM TUIEBPU: 3HVDKEHHST HACUYEHHS
KHUCHeM MeHIie 94 %, BUpaXkeHiCTh 3aUIIKU, 1110 TIEPEeBUILILYE
2 Ganu 3a mKanow bopra, ypaxeHHs 3 i OiIblie CETMEHTIB Jiere-
HEBOI TKAHWHU, a TAKOX YMCJICHHI KJIIHIYHI 03HAKW TTOPYIIEHHS
MPOTUiH(EKIIITHOTO 3aXUCTY, BUpaKeHEe 3HKEHHST PiBHSI HEHUTPO-
¢iniB, minBuieHHs1 KoHueHTpalii CPb Ta HemocTaTHe minBuIleH-
Hs JI-8 i ®HII-a B cupoBartiii KpoBi.

KiiouoBi ciioBa: rocrpa eMriiiemMa IuieBpy; rOpMOHAIBHI Ta iMy-
HOJIOTiYHi MOpYLIEHHS
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Associations of obesity, abdominal neoplasms
and comorbidities

Abstract. Background. Multiple recent studies suggest that at least 5-10 % of all malignancies are attributed
to metabolic disorders and obesity. Excessive weight may also significantly influence outcomes and aggravate
treatment-related adverse effects and patients’ follow-up. The purpose of the study was to clarify the clinical and
pathogenetic significance of excessive body weight and comorbidities in patients with abdominal malignant neo-
plasms. Materials and methods. This cohort-based observational research involves a total of 952 patients (mean
age 62.35 + 11.57 years) with abdominal malignancies divided into study (23.95 %, body mass index = 26 kg/m?)
and control (76.05 %, body mass index < 25 kg/m?) groups. The diagnosis, staging, prevalence of the process,
and concomitant pathology, several anthropometric and statistical parameters were determined, and treatment
outcomes (duration of the postoperative period, incidence of postoperative complications) were assessed. Results.
No significant differences in the staging of abdominal malignancies were identified between study and control
groups. Relative fat mass was significantly higher in study group compared to controls — 33.56 + 1.01 % vs.
27.01 £2.25 %, p = 0.009. Edmonton Obesity Staging System showed significantly higher stages for study group
as well. The mean Charlson comorbidity index in the study group was significantly higher (p = 0.005), especially in
male population. Obesity as a factor influencing the incidence of postoperative complications showed prevalence
of 0.66 (95% confidence interval (Cl) 0.51-0.78), sensitivity of 0.88 (95% CI 0.71-0.96), and specificity of 0.65
(95% CIl 0.39-0.85). Conclusions. Excessive body weight is significant factor aggravating condition of patients with
abdominal malignancies, increasing the risk of postoperative complications by 1.29—6.96 times.

Keywords: obesity; abdominal malignancies; cancer; type 2 diabetes mellitus; comorbidity; complications

Introduction

Abdominal malignancies (AM) occupy a key place in
the general structure of oncological pathology [1]. It is well
known that neoplasms can occur at any location, provided
that there are replicating cells. The gastrointestinal tract in
general, as well as other abdominal organs including geni-
tourinary and endocrine systems, contain diverse cellular
elements that have the potential for carcinogenesis, which is
why malignant tumours of primary abdominal location are
among the most common neoplasms [2, 3].

Analysing the current epidemiologic data related to
AM, it is necessary to underline the most common of
them [1]. For example, the total number of all digestive
system malignancies in USA reached 348,840 new cases in

2023 (194,980 males and 153,860 females) with estimated
overall mortality of 172,010 (99,350 males and 72,660 fe-
males). Colorectal cancer is the single major contributor
into these malicious statistics with 153,020 new cases annu-
ally (81,860 males and 71,160 females) and mortality rate of
52,550 (males and females 28,470 and 24,080, respectively).
Pancreatic and hepatobiliary neoplasms are the third and
second most important malignancies with 64,050 and 41,210
new cases, 50,550 and 29,380 mortality cases per anno,
respectively [1, 4].

During the last decades, a trend for declining incidence
and mortality related to gastric cancer is observed, though
it still remains one of the greatest health challenges world-
wide, especially in Asian countries. It causes approximately
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800,000 deaths annually, accounting for about 8 % of all can-
cer deaths, and is the fourth leading cause of cancer deaths in
both genders combined. Over 1 million new cases of gastric
cancer are diagnosed every year, comprising 5—6 % of all new
malignancies [5].

Epidemiological data analysis reveals a significant an-
nual increase in the registration of abdominal malignancies
against the background of a slight decrease in the incidence
and mortality of malignancies in other locations [6, 7].

The important etiological factors of the digestive neo-
plasms are diet rich in fats, predominantly oversaturated,
refined carbohydrates and animal proteins, combined with a
low content of vegetable fibres and low physical activity; this
is particularly significant for development of colorectal, liver
and pancreatic cancer [5, 6]. Not surprisingly, similar factors
participate in the formation of morbid obesity and metabolic
syndrome and are responsible for multiple comorbidities [7].
Among them, cardiovascular disorders, hypertension, and
diabetes are the most common [8, 9]. It is worth noting that
a diverse set of medical emergencies may be associated with
metabolic disorders and AM leading to urgent hospitaliza-
tions and interventions [10—12].

Moreover, the overall condition risk can be greatly re-
duced [13, 14] by lifestyle modifications (physical activity)
and dietary influence (e.g., reduced consumption of red meat
and processed meat products, increasing dietary fibre con-
tent, etc.).

Multiple studies confirm associations of abdominal ma-
lignancies with genetic polymorphisms. Similar to metabo-
lic syndrome, diabetes and obesity, a number of nucleotide
polymorphisms are known to be responsible for occurrence
of colorectal, genitourinary and liver cancer, and their course
[15—17]. However, only approximately 5—15 % of patients
were able to clearly trace the hereditary nature of AM, for
example colorectal cancer or adenomatous polyposis, or
hereditary nonpolyposis colorectal cancer. Anyway, genetic
associations make links between abdominal carcinogenesis
and metabolic disorders, and risk of various comorbidities
even tighter [18, 19].

Recent studies suggest that at least 5—10 % of all ma-
lignancies are attributed to metabolic disorders and obesi-
ty [20]. Dietary violations, sustained high alcohol intake,
morbid obesity, various metabolic disorders including but
not limited to metabolic syndrome, diabetes mellitus, etc.,
and genetic predisposition are important factors that de-
termine the occurrence of pancreatic and hepatic cancer.
Additional factors such as chronic infections, chronic viral
hepatitis, intestinal dysbiosis, inflammatory bowel disease
and Helicobacter pylori infection, which are defined as
carcinogens, are also widely discussed in scientific pub-
lications [8, 9].

The possible underlying mechanisms of obesity influ-
encing carcinogenesis is complex and insufficiently under-
stood. Whereas lifestyle modifications, diet, physical activity,
and behavioural therapies are the mainstay of recommended
interventions, drug therapies and weight control surgical
interventions result in a more rapid weight loss and may
be successfully used in cancer survivors with obesity, while
possessing additional risks and potential adverse effects and
complications [21, 22].

It is reported that overweight patients are at higher risk
of developing several important malignancies including co-
lorectal, hepatobiliary, renal, oesophageal, not to mention
hormone-dependant tumours like post-menopausal breast
cancer and endometrial neoplasms. The possible linkage of
obesity and the AM risk may include impaired fatty acid me-
tabolism, extracellular matrix remodeling, increased adipo-
kine release, immune dysregulation, chronic inflammation,
and dysregulated sex and anabolic hormonal activity [20].
It is reported that obesity may also significantly influence
outcomes and aggravate treatment-related adverse effects and
patients’ follow-up [11, 16, 17].

Therefore, the problem of the combination of abdomi-
nal malignancies, obesity, and other comorbidities requires
additional study.

The purpose was to clarify the clinical and pathogenetic
significance of excessive body weight and comorbidities in
patients with abdominal malignant neoplasms.

Materials and methods

The study conforms to generally accepted standards of
bioethics in accordance with EUC Directive No. 609 dated
November 24, 1986, GCP (1996), the Council of Europe Con-
vention on Human Rights and Biomedicine (April 4, 1997),
the World Medical Association Declaration of Helsinki on
the Ethical Principles for Medical Research Involving Human
Subjects (1964—2000), and was conducted during 20222024
in the Chernivtsi Regional Clinical Oncology Centre and the
Oncology Clinic of the Bukovinian State Medical University.

Observation and epidemiological data were collected
from a total of 952 patients (mean age 62.35 & 11.57 years)
with intra-abdominal tumours of different locations. Male
patients reliably dominated in the overall studied cohort
(58.93 % male vs. 41.07 % female). In addition, in this part
of the study, we did not include any gynaecological malig-
nancies as they are only observed in female patients and have
stronger relationship with hormonal dysregulation, probably
influencing results. The distribution of patients according to
the incidence of main nosologies and associated mortality
rates is presented in Table 1.

Design of the cohort-based observational study includes
collection of clinical-epidemiological data, selection of tar-
get patients following inclusion and exclusion criteria with
statistical analysis. Inclusion criteria were adult age (over 18
years) and presence of any primary AM. Exclusion criteria
were age less than 18 years, presence of acute medical emer-
gencies (bleedings, shock, serious acute infections), advanced
cancer cachexia.

The data of Table 1 demonstrate a significant drop of
AM in 2023 compared to 2022. However, this may be at least
explained by the full-scale invasion and respective migration
processes, which may be also further impacted by the long-
term outcomes of COVID-19 outbreak similarly to other
abdominal pathologies [23, 24].

Surprisingly, extrahepatic biliary tract malignancies
didn’t change much especially when compared to both other
AM and in absolute figures, with even respective reliable
mortality increase by 3.31 times (p < 0.05). Overall morta-
lity in 2022 was significantly higher than in 2023 (39.85 vs.
30.12 %, respectively) as well.
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Table 1. The year-to-year incidence
and mortality rate changes in different AM

P Incidence (year) | Mortality (year)
2022 | 2023 | 2022 | 2023
Oesophageal 36 26 14 8
z = 0.66, p = 0.74, 95% Cl (-17.33-17.50)
Gastric | 115 | 8 | 51 | 42
2 =-0.63, p = 0.26, 95% Cl (~10.10-10.01)
Colon | 146 | 115 | 41 | 24
z=1.34,p = 0.91, 95% Cl (-7.55-7.70)
Anorectal | 125 | 103 | 59 | 19
z=4.56, p = 0.10, 95% Cl (-8.64-9.22)
Hepatic | 30 | 21 | 138 | 7
z=0.72, p = 0.76, 95% Cl (-19.55-19.75)
Biliary | 15 | 14 | 2 | &
z=-1.78, p = 0.038, 95% Cl (-23.78-23.19)
Pancreac | 80 | 40 | 38 | 16
z=0.78, p = 0.78, 95% Cl (-13.55-13.70)
Total | 547 | 405 | 218 | 122
2 =3.10, p = 0.10, 95% Cl (-4.35-4.54)

Study group was formed by 228 (23.95 %) AM patients
with excessive weight (body mass index (BMI) > 26). Com-
pared to controls (724; 76.05 %), which included the rest of
cohort (AM patients with BMI < 25), study group patients
were insignificantly older (mean age 64.28 & 10.14 years vs.
59.11 % 11.37 years), with lower ratio of male patients.

The final diagnosis, TMN staging, prevalence of the pro-
cess, etc. and concomitant pathology, several anthropomet-
ric parameters (weight, height, body mass index, degree of
obesity) were determined, treatment outcomes (duration of
the postoperative period, incidence of postoperative compli-
cations, etc.) were analysed. The database was formed, and
statistical calculations were performed using the Microsoft
Office 365 system. In addition, a set of clinical calculators was
used provided by MedCalc online platform. Confidence inter-
val (CI) of 95% (p < 0.05) was accepted as validity threshold.

Results

Initially, we compared both groups for body mass-related
parameters. Expectedly, the relative fat mass characterizing
the body fat ratio was significantly higher in study group
compared to control one: 33.56 £ 1.01 vs. 27.01 + 2.25 %,
p =0.009.

According to the Edmonton Obesity Staging System, the
control group was only presented with stage 0 and 1: 82.73
and 17.27 %, respectively. Conversely, the study group pa-
tients demonstrated significantly more diverse staging: stage
0 — 1.32 %, stage 1 — 28.51 %, stage 2 — 44.30 %, stage
3 — 18.67 %, and stage 4 — 7.46 %.

Among the total of 952 examined patients, 228 (23.95 %)
had stage IV AM, 324 (34.03 %) had stage 111, 286 (30.04 %)
had stage II, and 114 (11.98 %) had stage I. No significant
differences in the AM staging were identified between over-
weight patients (study group) and the comparison group
(controls).

However, the number and severity of comorbidities (in
addition to excessive weight) was significantly higher in the
study group. Among controls, clinically relevant comorbi-
dities were determined in 162 cases (22.38 %), whereas in the
study group, comorbidities were observed in all patients. At
the same time, the mean Charlson comorbidity index in the
study group was significantly higher (p = 0.005), especially
in male population (Fig. 1).

Ischemic heart disease, post-infarction and diffuse
cardiosclerosis, heart failure of various functional classes,
cardiac rhythm disturbances, essential and symptomatic
hypertension, type 2 diabetes mellitus, and peripheral vas-
cular disease including peripheral artery disease and chronic
venous insufficiency were the most common comorbidities,
confirming close ties between metabolic, vascular diseases,
and carcinogenesis.

Chronic gastrointestinal diseases such as gastritis, chronic
pancreatitis, chronic biliary disorders (cholecystitis, common
bile duct gallstones) were diagnosed in 62 (27.19 %) patients
of the study group and 27 (3.73 %) controls (z = —10.61,
p < 0.0001, 95% CI —3.36—2.89). Other diseases (hernias,
kidney and liver diseases) were detected in 89 (39.04 %) pa-
tients of the study group and were not observed in controls.

Presence of obesity itself as well as other metabolic dis-
orders (diabetes mellitus), and comorbidities potentially may

12 4
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Figure 1. Gender distribution of Charlson comorbidity index in the study and control groups
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Table 2. Probability of true positive, false positive, true negative, and false negative prediction
of postoperative complications in patients with abdominal malignancies depending on obesity

95% CI
Variable Expectation
Lower limit Upper limit
OR (+) conventional 2.49 1.29 4.80
OR (+) weighted by prevalence 4.83 3.36 6.96
OR (-) conventional 0.19 0.07 0.50
OR (-) weighted by prevalence 0.36 0.15 0.88

Notes: “+” — true positive prediction value; “-” — true negative prediction value.

interfere with AM-focused multimodal treatments, especially
surgery. Therefore, we calculated predictive values for obesity
and surgery-related complications.

Such calculations in patients with abdominal malig-
nancies showed high prognostic value of obesity as a fac-
tor influencing postoperative complications after surgery
with prevalence of 0.66 (95% CI 0.51—0.78), sensitivity of
0.88 (95% CI 0.71—-0.96), and specificity of 0.65 (95% CI
0.39-0.85).

Odds ratio (OR) for postoperative complications in pa-
tients with abdominal neoplasia and obesity are presented
in Table 2.

A significantly higher risk of postoperative complications
in patients of the study group compared to controls is con-
firmed by the data shown in Table 2. Obesity demonstrated
high risk for development of treatment-related surgical com-
plications. Moreover, high BMI while impacting outcome may
be used for correction of treatment strategy in these patients.

Although the average length of stay in hospital is a rather
relative indicator with highly subjective value, it was never-
theless considered appropriate to assess the impact of high
BMI on it. In overweight patients, the duration of hospita-
lization was longer yet insignificantly (22.36 + 3.14 days in
the study group vs. 16.73 £ 2.50 in controls, p = 0.18), which
is probably due to the fact that it is mainly the complexity of
surgical intervention itself and the underlying pathology that
determine length of stay.

Discussion

Multiple studies showed that in over 30 million indivi-
duals worldwide, an excessive body weight is associated with
an increased risk of all-cause mortality [25]. In the United
States alone, obesity is responsible for about 5 % of overall
malignancies in men and up to 10 % in women. Over 684,000
obesity-associated new cases are registered annually, inclu-
ding approximately 210,000 among men and 470,000 among
women. Around 85,000 newly diagnosed cancer cases are
related to obesity [26—28].

It is shown that the linkage of excessive body weight and
carcinogenesis may vary reaching up to 30—51 % of abdomi-
nal malignancies located in liver or extrahepatic biliary tree,
and endometrium [29, 30]. Slightly smaller (30.6 %) figures
were obtained for hollow organ adenocarcinomas attributed
to obesity [31].

Not infrequently, obesity, cancer and comorbidities are
met in combination, depicting an important shared patho-
genetic mechanisms and similar genetic background [9, 13,

18, 32]. Moreover, as we have found in this study, AM, meta-
bolic conditions and cardiovascular diseases are frequently
combined causing further challenges for the management of
these patients.

Another important issue, which is often beyond studies,
is related to the management of patients with AM on the
background of morbid obesity. Few papers partially em-
phasize this problem, including attention to operating room
management of obese individuals and related technical issues
[11, 14, 21]. The findings of this study suggest that obese
cancer patients in case of surgeries may need additional fo-
cused attention including prophylactic medical interventions,
which corresponds to their increased risk of developing post-
operative complications.

Conclusions

Obesity and excessive body weight are significant factors
in aggravation of the state of patients with abdominal malig-
nancies; the risk of postoperative complications is 1.29—6.96
times higher than without obesity. The complex relationship
of etiological factors and pathogenetic mechanisms of obe-
sity and abdominal carcinogenesis leads to the formation of
new vicious circles that may impact treatment efficacy and
outcome. The presence of obesity is a significant factor in ag-
gravating the condition, prolonging hospital stay in patients
with malignant neoplasms and creating additional challenges
for the surgical oncologists.
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Manunwescekm .O.", CrenaH B.T.2, Iproait A.l'2 TayweHko T.A.% Cuaopyyk O.1.5 Kugsik 1.B.?
" YepHiBeLbkit OOGAQCHM KAIHIYHM OHKOAOTIYHM AMCIIQHCEP, M. YepHiBLji, YkpQiHa

2 BYKOBUHCBKINA AEPXKQBHU MEANYHWI YHIBEPCUTET, M. YepHiBLyi, YKpaiHa

3 HauioHanbHM meandHui yHiBepcuteT imeHi O.O. boromonbusi, M. Kuis, YkpaiHa

Acouiauii 0OXXupiHHS, A6 AOMIHOABHUX HOBOYTBOPEHb
TA CYNYTHIX 30XBOPIOBAHb

Pe3iome. Axmyaavnicmo. Y 6aratbox CydacHUX AOCIHIIKEHHIX
MoKa3aHo, 110 NpuHaiiMHi 5—10 % ycix 3110sIKiCHUX HOBOYTBO-
peHb MOB’s13aHi 3 MOPYLIEHHSIM OOMiHY PEYOBUH i OXKUPIHHSM.
HanmipHa Maca TakoX MOXe CYTTEBO BILUIMHYTU Ha pe3yJibTar
JIIKyBaHHSI ¥ TOCUJIUTH OB’ s13aHi 3 HUM Mo0iuHi ecbexTn. Mema:
3’sICyBaTH KJIiHiKO-IAaTOreHEeTUYHEe 3HAYSHHs HaJAMipHOI Macu
TiJla Ta CYNyTHiX 3aXBOPIOBaHb B OCi0 3i 3JI0KiCHUMU HOBO-
yTBOpeHHSIMU yepeBHOI mopoxHuHu (3HYIT). Mamepiaiu ma
Mmemodu. KoropTHe oOcepBaliiiiHe TOCTiIKEHHs 0XOILIoE 952 na-
LieHTiB (cepenHiii Bik 62,35 = 11,57 poky) 31 3HYII, posainenux
Ha oCHOBHY (23,95 %, iHIeKc MacH Tia > 26 Kr/m?) Ta KOHTPOJIb-
Hy (76,05 %, innekc macu Tina < 25 kr/m?) rpynu. Busznavanu gia-
THO3, CTailo, MOLIMPEHICTh IIPOLIECY i XapaKTep CYMyTHBOI IMaTo-
JIOTii, OLIiHIOBAJIM aHTPOIIOMETPUYHI i CTATUCTUYHI TOKA3HUKMU,
a TaKOX pe3yJIbTaTH JIiKyBaHHsI (TPUBAJIiCTh MiCISIONEepaliiHOroO
Tepiofy, 4acToTy ITic/sionepalliiHuX YCKJIaaHEHb). Pe3yssmamu.
3HayHuX BigMiHHOCTei y cramiiHocti 3HYIT mix mocmimkyBa-

HOIO Ta KOHTPOJIbHOIO IpyllaMK He BUSIBJeHO. BigzHocHa maca
XKUpy OyJia BiporifHO BMUILIOIO B OCHOBHIil IpyIli MOPiBHSHO 3
KOHTpoJibHOIO: 33,56 £ 1,01 % nipotu 27,01 £ 2,25 %, p = 0,009.
3rigHo 3 ETIMOHTOHCHKOIO CUCTEMOIO OLIIHKK OXUPIHHS, OiIbIIT
BUpaXeHi MOTo CTafdii TaKOX 3apeeCTpOBaHi B OCHOBHIl I'PYIIi.
CepenHiii iHAeKC KOMOpOinHocTi YapicoHa B JOCiIKyBaHii
rpyri 0yB BiporinHo BuuuM (p = 0,005), 0coba1BO B 4OJIOBIiUiit
niomysisittii. OXXupiHHS K (haKTOp, IO BIUTMBAE HA YACTOTY TIiC-
JIsToTepaliiHuX YCKIaIHEeHb, XapaKTepU3yBaioCs MOIUPEHICTIO
0,66 (95% 1O10,51-0,78), uyrnusictio 0,88 (95% 11 0,71—-0,96),
cnenudivnictio 0,65 (95% A1 0,39—0,85). Bucnosxu. HanmipHa
Maca Tijla € CyTTEBUM (hbaKTOPOM TIOTipIIEHHS CTaHY IMalli€HTiB
3i 3HYII, migBuiyroun pu3UK MicasoIepaliiiHuX yCKJIaaHeHb
B 1,29—6,96 pa3a.

Ki11040Bi €J10BA: 03XUpiHHS; 3/105IKiCHI HOBOYTBOPEHHST Y€PEBHOT
MMOPOXHUHU;, paK; LYKPOBUI HiabeT 2-TO TUITY; KOMOPOiIHICTD;
YCKJIQIHEHHSI
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The peculiarities of thiol-disulfide metabolism
in patients with diabetes mellitus
and pulmonary tuberculosis

Abstract. Background. Glutathione (L-gamma-glutamyl-L-cysteinyl-glycine, GSH) and the enzymes of the glu-
tathione cycle play an important role in the immune response against Mycobacterium tuberculosis infection. The
purpose of the study was to assess the main peculiarities and differences of the thiol-disulfide metabolism in patients
with drug-susceptible and multidrug-resistant tuberculosis (MDR-TB) developed on the background of diabetes
mellitus (DM). Materials and methods. A prospective case-control study was conducted between 2018 and 2022
and included 173 TB patients divided into 3 groups: 1¢ study group (N = 54) — new cases of drug-susceptible
tuberculosis and DM; 2™ study group (N = 56) — new cases of MDR-TB and DM; 3" study group (N = 63) —
non-diabetic patients with progressive TB. These groups were compared with a control group of 36 healthy people.
The investigations were conducted according to the national protocol and biochemical assessment standards.
Results. In diabetic TB patients, the antioxidant status was enhanced according to the biomarkers, such as total
GSH, free —SH groups, total -SH groups, GST, SOD, CAT, GPO, and GR, compared to non-diabetic TB patients.
This suggested the existence of an imbalance between oxidants and antioxidants in favor of oxidants. No statistical
difference was revealed when comparing the GSH system biomarkers in patients with drug-resistant and susceptible
TB. Conclusions. The antioxidant defense was more depleted in diabetic patients, with a greater decrease in MDR-
TB group. In non-diabetic TB patients, the total and reduced GSH did not differ compared to healthy individuals,
while free —SH groups, total —SH groups, GST, SOD, CAT, GPO, and GR were lower. Even the GSH metabolism
biomarkers were lower in the group of patients with drug-resistant TB; the statistical difference was not achieved.

Keywords: diabetes mellitus; tuberculosis; drug resistance; antioxidant system

Introduction

The problem of pulmonary tuberculosis (TB) is currently
very relevant due to the progressive increase in the num-
ber of patients, mainly of young, most able-bodied age, the
development of temporary or permanent disability, and in
some patients, the formation of resistance to the therapy
being carried out [1, 2]. The phenomenon of the formation
of chemoresistance to treatment in TB necessitates the ap-
pointment of complex polychemotherapy |3, 4].

It should be emphasized that anti-TB drugs have pan-
creatotoxic effects. Long-term use of drug combinations for

the treatment of TB patients can cause disruption of enzyme
systems, metabolic processes and disorders of the functional
state of the pancreas [5, 6]. Another important issue is the
presence of changes in carbohydrate metabolism, with the
formation of impaired glucose tolerance.

Along with specific lesions, the condition of the pan-
creatic parenchyma is significantly affected by tuberculosis
intoxication and concomitant alcohol abuse, which can ma-
nifest as nonspecific reactive pancreatitis with the formation
of disorders of not only the exocrine but also the endocrine
function of the gland [7, 8].
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Various mechanisms of progression of tuberculosis in-
fection in patients with carbohydrate metabolism disorders
with the formation of secondary diabetes of varying severity
are considered: intensification of lipid peroxidation, pro-
tein denaturation, depletion of adenosine triphosphate re-
serves, mitochondrial dysfunction, formation of free radicals
and hapten, binding to nuclear and cytoplasmic molecules,
blockade of transfer ribonucleic acid, capture by membrane
receptors, destruction of the cellular cytoskeleton, as well as
microhemocirculation disorders [9], which are consequences
of the development of oxidative stress [10] and immune im-
balance in the body as a whole [11, 12].

Glutathione (L-gamma-glutamyl-L-cysteinyl-glycine)
(GSH) and the enzymes of the glutathione cycle GSH plays
an important role in the immune response against Mycobac-
terium tuberculosis (MTB) infection [13, 14].

The main functions of glutathione: 1) protection from
reactive oxygen species, GSH being the main non-enzyma-
tic antioxidant; 2) formation, reduction and isomerization
of disulfide bonds; 3) influence on the activity of enzymes
and other proteins; 4) maintenance of the functionality
of biological membranes; 5) engagement in biochemical
reactions as coenzymes; 6) participation in the metabolism
of eicosanoids; 7) cysteine reserve; 8) participation in the
metabolism of xenobiotics; 9) influence on the synthesis of
nucleic acids and proteins; 10) increasing the resistance of
cells to toxic agents; 11) intervention in tissue proliferation
[15, 16].

No reported data reported on GSH metabolism in dia-
betic patients with drug-susceptible or multidrug-resistant
tuberculosis (MDR-TB) compared with non-diabetic TB pa-
tients. Considering all the above-mentioned data, the study
has been performed with the purpose to assess the peculiari-
ties and differences of the thiol-disulfide metabolism indices
in patients with drug-susceptible and MDR-TB developed
on the background of diabetes mellitus (DM) compared
with non-diabetic TB patients and the impact of metabolic
disturbances on the evolution and anti-tuberculous treatment
outcome.

Materials and methods

The research was prospective, selective, descriptive and
cross-sectional. It included a series of 173 patients diagnosed
with pulmonary TB during the period 01.01.2018—31.12.2022
in the Republic of Moldova and Chernivtsi Regional Medi-
cal Center for Socially Significant Diseases. The inclusion
criteria, which determined the selection of the patients in the
research were: age over 18 years old, TB diagnosed by a pul-
monologist and the signed informed consent. The cases were
distributed in three groups: 1* study group (SG) (N = 54 new
cases with drug-susceptible TB and DM), 2™ group (N = 56
new cases with MDR-TB and DM) and 3 group (N = 63
non-diabetic patients with progressive TB).

The study groups were compared with a control group
of 36 healthy individuals. In the study groups the main in-
clusion criteria was DM diagnosed by an endocrinologist.
The diagnosis of pulmonary TB was confirmed through the
criteria provided by the National Clinical Protocol. The spu-
tum examination by Xpert MTB/Rif test, Ziehl-Neelsen
staining, culture on Lowenstein-Jensen and liquid BACTEC

media and chest X-ray investigations were performed in all
TB patients. The drug susceptibility testing was performed in
all groups using the conventional media, according to results
the patients were distributed in study groups.

The methods used for the diagnosis of DM were: capil-
lary glucose concentration, the fasting venous plasma glucose
done after 10—14 hour of fast and the glycated hemoglobin
(HbA,)). The capillary glucose concentration was measured
with a glucometer in a blood sample obtained from the fin-
gertip. Glycated albumin was calculated, as the percentage of
glycated albumin in the total albumin and the value > 6.5 %
(48 mmol/mol) and was a diagnostic indicator.

The biochemical investigation of patients from study
groups was performed before the initiation of the anti-TB
treatment regiments, which were selected according to the
drug resistance profile. The 36 healthy people from the con-
trol group were investigated in ambulatory conditions. For
the laboratory investigation samples of venous blood (5 ml)
were collected and centrifuged for 10 minutes with a spin
speed of 3500 rpm, with further separation of the serum. All
the samples were dispensed into Eppendorf microtubes and
frozen at minus 40 °C before biochemical determinations.
The estimation of the biochemical indices in the serum of
blood was performed using the methods with microquantities
of the clinical material. Were measured the activity levels
of total glutathione, reduced glutathione (rGSH), oxidized
glutathione (GSSG), rate rGSH/GSSG, activity of gluta-
thione enzymes: glutathione reductase (GR), glutathione
peroxidase (GPO), glutathione-S-transferase (GST) and
v-glutamyl transpeptidase (y-GGT). The concentration of
—SH groups was assessment according to method G.L. Ell-
man and M. Hu modified.

To assess the phenomenon of “evasion” of enzymes into
the blood and the state of the exocrine function of the pan-
creas, the activity of blood and urine a-amylase, pancre-
atic isoamylase in blood and urine, and blood lipase were
studied, uroamylase flow rates were assessed — D1 (basal),
D2 (30 minutes after a standard breakfast), D3 (60 minutes
after the same breakfast), and endogenous pancreazimin
induction coefficients were calculated — K1 (30 minutes
after a standard breakfast) and K2 (60 minutes after the same
breakfast). The activity of pancreatic enzymes in blood and
urine, determination of fecal pancreatic elastase-1 indicators
were performed at the same time as the biochemical study
of the functional state of the liver and the lipid spectrum of
the blood.

The investigation schedule included the following data
about the patients: biological and social peculiarities, high-
risk characteristics (deep social vulnerability, migration, de-
tention, the contact with a TB patient), case-management,
clinical aspects of TB, laboratory indicators, anti-tuberculous
regimen, antidiabetic treatment, outcome.

The statistical analysis was performed using Epi Info soft-
ware. The data were appreciated as nominal or quantitative.
The frequency and percentage were reported for nominal
data, and the mean and standard deviation were reported for
continuous data. The statistical analysis of the differences
between normally distributed continuous variables was tes-
ted with Student’s t-test. A p-value of < 0.05 was considered
statistically significant.
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Results

The main manifestation of chronic pancreatitis in all
examined patients was abdominal pain. Most often, the pain
was localized in the epigastrium and both hypochondriac
regions — in 109 (33.2 %) patients.

Pain in the epigastrium and right hypochondriac region
bothered 92 (28.1 %) patients, only in the right hypochon-
driac region — 28 (8.5 %) patients, in the epigastrium and
left hypochondriac region — 49 (14.9 %) patients, only in
the epigastrium — 38 (11.6 %) patients, only in the left hypo-
chondriac region — 12 (3.7 %) patients (Fig. 1). The location
of abdominal pain did not differ significantly between the
groups.

The distribution of the patients, according to the sex es-
tablished a higher men/women rate in the 1* SG (2/1), com-
pared with 2" SG (1.2/1), 3%SG (1.4/1) and control group
(2.9) compared with the study group (1.1/1). No statistical
difference was established while comparing the mean.

The repartition of the patients, according to the age es-
tablished that the young group (between 18 and 44 years old)
prevailed in the I* and 2™ SG compared with 3 SG and
control group. Respectively the rate of patients older 45 years
was higher in the 3 SG and control group, but the statisti-
cal significance was not achieved. So, the selected group of
patients were similar according to the demographic charac-
teristics and comparable (Table 1). The patients’ average age
on the 1 SG was 39 + 8, 2" SG 38 + Syears, 3*SG 43 + 6
old, and in the control group — 44 =+ 2 years old.

According to the type of glycemic disorders, in the 1%
SG, the type 1 DM was diagnosed in 28 (52 %) patients, in
the 2" SG 31 (55 %) and the 3* SG — 31 (49 %) patients.
Respectively type 2 DM was diagnosed in 26 (48 %) in the
1 SG, 24 (45 %) in the 2" SG and 32 (51 %) patients of
the 3 SG. The value of fasting venous plasma glucose ex-
ceeded the normal limit of 6 mmol/L in 49 (91 %) patients
of the 1 SG, 52 (93 %) patients and 49 (78 %) patients of
the 3@ SG. Higher than 12 mmol/L (hyperglycemia) was
established in 19 (31 %) patients of 1 SG, 14 (25 %) of 2™
SG and 19 (30 %) patients of 3 SG. The concentration of
the glycated albumin was assessed in all diabetic patients.
The normal HbA1, concentrations detected in the range
between 4.8—5.6 % were found only in 12 (22 %) patients
of the 1* SG, 14 (25 %) of 2" SG and 15 (24 %) cases of
the 3 SG. The concentration of HbA1, higher than 6.4 %
was detected in 33 (78 %) patients of the 1 SG, 42 (75 %)
of the 2™ SG and 48 (76 %) cases of the 3 SG. So, types
1 and 2 of DM were similarly diagnosed in all groups of
diabetic patients and in two thirds of patients was uncon-
trolled, according to the level of hyperglycemia and HbA,
concentration. Complications were diagnosed in all diabetic
patients. The most common association was microvascular
angiopathy, retinopathy and neuropathy diagnosed in 26
(48 %) patients of the 1 SG, 29 (62 %) of the 2™ SG and 32
(51 %) of the 3™ SG. In a lower proportion were diagnosed
diabetic nephropathy 12 (22 %) in the 1 SG, 8 (14 %) in
the 2" SG and 9 (14 %) in the 3™ SG. Gastro-intestinal

% 33.2
35 7
30
25 4
20
15 1
10
3.7
57 8.5
0 T T 1
Left Epigastrium Left Right Right Both
hypochondrium hypochondrium hypochondrium hypochondrium hypochondria
and epigastrium and epigastrium
Figure 1. Location of pain
Table 1. Distribution of patients by demographics and risk factors, n (%)
Parameters 1 SG 2 SG 37 SG Control group
Men 36 (67) 31 (51) 37 (67) 19 (52)
Women 18 (33) 25 (45) 27 (33) 17 (48)
18—44 years 32 (59) 34 (61) 30 (45) 18 (50)
45+ years 22 (41) 12 (49) 48 (54) 18 (50)
Urban 44 (81) 45 (80) 15 (60) 18 (50)
Rural 10 (19) 12 (20) 43 (40) 18 (50)
Social vulnerability 37 (40) 28 (50) 36 (69) NA
Single state 16 (30) 28 (50) 27 (31) NA
Low education level 47 (87) 38 (67) 61 (97) NA

Note (here and in Table 2): the applied statistical test was the paired sample T-test.
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diseases, which included chronic hepatitis, steatosis and
chronic pancreatitis were diagnosed in 16 (39 %) cases of
the 1 SG, 13 (23 %) in the 2" SG and 63 (11 %) patients
in the 3 SG.

Microbiological status was positive in all patients and
drug susceptibility testing permitted their distribution ac-
cording to the drug resistance results. Standard treatment
for drug-susceptible TB was administrated in drug-suscep-
tible TB patients (2™ and 3 SG) and standard treatment for
MDR-TB in patients from the 1** SG. The duration of the
treatment corresponded to the WHO recommendations and
lasted 6 months in patients with drug-susceptible TB and 18
months in patients with MDR-TB.

While distributing patients according to the clinical ra-
diological forms, was concluded the diagnosis of pulmonary
infiltrative TB in all selected patients. It was one of the cri-
teria which ensured the comparability of laboratory data.
Radiological patterns were different among study groups.
Pulmonary infiltrates were established in a statistical higher
proportion of the 2" SG compared with 1** and 3 SG. Lung
parenchymal destruction and caverns were radiologically
identified more often in the 2™ SG compared with other
study groups. Disseminative opacities, extensive lung fibro-
sis, pleural adherences were more often established in the 1%
and 2™ SG compared with the 3 SG, without achieving the
statistical significance (Table 2).

The antioxidant defense biomarkers revealed depletion of
the GSH system in diabetic patients with TB compared with
non-diabetic TB patients and conventional healthy indivi-

duals according to the level of: a) total GSH was statistical
lower in the 1* and 2" SG compared to 3 SG and CG;
b) free —SH groups was statistically lower in the 1% and 2™
SG compared to 3“ SG and CG; ¢) total —SH groups was
statistical lower in the I** and 2™ SG compared to 3“ SG
and CG; d) GSSG was statistical lower in the 1* and 2™ SG
compared to 3 SG and CG; e) GST was statistical lower in
the 1 and 2" SG compared to 3“ SG and CG; f) y-GGT
was statistical higher in all study groups compared with CG;
g) SOD was statistical lower in the 1* and 2" SG compared
to 3 SG and CG; h) CAT was statistical lower in the 1* and
2" SG compared to 3 SG and CG; i) GPO was statistical
lower in the 1* and 2™ SG compared to 3" SG and CG;j) GR
was statistical lower in the 1* and 2™ SG compared to 3 SG
and CG. The rate of total GSH/GSSG was 1.9 in the 1" and
2" SG, 2 in the 3“ SG and 2,5 in the CG. While comparing
the biomarkers of non-diabetic TB patients (3 SG) with
conventional healthy individuals (CG) was determined de-
pletion of the GSH redox system according to the level of:
a) free —SH groups; b) total —SH groups; ¢) GSSG; d) GST;
e) SOD; f) CAT; g) GPO; h) GR (Table 3).

Discussion

Pulmonary TB is a highly infectious dreadful disease
caused by MTB [17—20]. Numerous studies reported free
radical activity, antioxidant status and lipid profile in TB
patients, but previous studies have lacunae in comparing the
biochemical variables between before and after anti-tubercu-
lar therapy supplementation to TB patients [21, 22].

Table 2. Distribution of patients by radiological patterns, n (%)

Radiological patterns 1t SG 2" SG 37 SG
Infiltrations 25 (46) 41 (73) 34 (54)
Lung destruction/caverns 29 (54) 25 (45) 29 (46)
Disseminative nodules 32 (59) 34 (61) 30 (45)
Complicated with pleurisy 22 (41) 12 (49) 48 (54)
Pulmonary fibrosis/adherences 44 (81) 45 (80) 15 (60)
Calcinates/sequelae 10 (19) 12 (20) 43 (40)

Table 3. Biomarkers of GSH system

Indices 12t SG 2 SG 37 SG Control group
GSH total, pmol/s/L 6.9 + 0.9 7.5+ 0.7% 10.4 + 0.9% 11.1 £ 0.8
Reduced GSH, pmol/s/L 2.7 + 0.5 3.1 +0.7# 57+0.5 59+0.7
Free —SH groups, pmol/s/L 10.8 £ 0.3* 11.8 £ 0.6* 12.60 + 0.73* 19.10 + 3.27
Total —SH groups, pmol/s/L 14.2 + 0.8** 15.4 = 0.5* 18.2 + 0.3% 226 +0.7
GSSG, pmol/s/L 3.6+0.7F 3.9+0.5 41+0.78 58+0.9
GST, nmol/s - L 16.60 + 5.98%* 16.20 + 8.52% 275 +6.7% 31.20+ 4.31
y-GGT, U/L 62.95 + 6.56* 78.24 + 3.58* 35.70 + 3.02% 5.34 +£ 0.80
SOD, c.u./L 381.0 £ 23.3* 398.0 + 13.4* 412.0 £ 29.5% 584.0 + 434
CAT, pmol/s/L 6.54 + 3.54% 7.79 + 4.24% 9.45 + 7.62% 13.4+5.6
GPO, nmol/s - L 225.32 + 81.25%* 311.51 + 90.60%* 405.84 + 51.70% 421.0+61.4
GR, nmol/s - L 324.14 £ 7.10%* 345.61 + 6.60* 398.6 + 9.4% 428.0 £ 10.2

Notes: applied statistical test was Mann-Whitney U test; * — p < 0.01; # — p < 0.001 for 1¢ and 2" SG compared to
3 SG; *— p < 0.001 for 1¢ and 2™ SG compared to CG, 3° SG compared to CG; * — p < 0.01.
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Hence, the present study was carried out to investigate
oxidative stress markers, antioxidant status, lipid profile, liver
function markers, and glycoprotein components in pulmo-
nary tuberculosis patients PTB patients.

Distributing the patients, according to the sex and age, it
was determined the predomination of the men and economic,
reproductive age (18—44 years) in all groups of TB, which
allowed the comparability of the results among patients.

Radiological patterns demonstrating the severity of TB —
lung destruction, pleurisy and extensive fibrosis were more
evident in diabetic TB patients compared with non-diabetic
patients, which were reported in multiple research.

Most of the TB patients were diagnosed with uncon-
trolled DM, according to the level of glycaemia at the fasting
venous test and HbA1, concentration.

Antioxidant status revealed an evident consumption
of the GSH system in diabetic TB patients compared with
non-diabetic TB patients according to the biomarkers: total
GSH, free —SH groups, total —SH groups, GSSG with a
lower GSH/GSSG rate in diabetic patients, GST, SOD,
CAT, GPO, and GR. While comparing with the healthy
individuals all biomarkers were reduced exception total GSH
and reduced GSH.

Obtained data suggested the imbalance between oxi-
dants/antioxidants, in favor of oxidants in diabetic patients
with TB.

Conclusions

In diabetic TB patients the antioxidant status was more
consummated according to the biomarkers: total GSH, free
—SH groups, total —SH groups, GST, SOD, CAT, GPO, and
GR when compared with non-diabetic TB patients.

In non-diabetic TB patients, the total GSH and reduced
GSH did not differ compared with healthy individuals, while
free —SH groups, total —SH groups, GST, SOD, CAT, GPO,
and GR were lower. Even the GSH metabolism biomarkers
were lower in the group of patients with drug-resistant TB,
the statistical difference was not achieved.
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" BYKOBUHCBKN ASPXKABHUN MEANYHU YHIBEOCUTET, M. YepHiBLi, YKpQiHQ

2 Nicolae Testemitanu State University of Medicine and Pharmacy, Chisinau, the Republic of Moldova

3 YKpQIHCbK HQYKOBO-MPAKTUYHNM LIEHTD EHAOKPWHHOI XipYPril, TOGHCAAQHTALT @HAOKPUHHMX OPraHiB | TkKaHH MO3 YkpaiHuy,

M. Kni, YkpaiHa

4 XapKiBCbK HOLIIOHQABHM MEANYHNM YHIBEPCUTET, M. XQPKIB, YKPQIHO

OCo6AUBOCTI TIOA-AUCYAbDIAHOTO OOMIHY Y XBOPUX
HO LYKPOBUM Aia6eT Ta TY6epPKYAbO3 A€reHb

Pesiome. Axmyaavnicme. Tnyration (L-ramma-riayramin-L-muc-
teiHin-rainuH, GSH) i ¢pepMeHTH TIyTaTioHOBOTO IMKITY Bifi-
rparoTh BaXJIUBY POJib B IMyHHI# Bianosiai Ha iHdekiito Myco-
bacterium tuberculosis. Mema: OlLiIHUTA OCHOBHiI OCOOJMBOCTI I
BiIMiHHOCTI TioJ-aucyabdiTHOTO 0OMiHY Y XBOPUX Ha MeIMKa-
MEHTO3HO-UYTINBUIA Ta MYJIBTUPE3UCTEHTHU TyOepKy 1603 (TH),
1110 PO3BUHYBCSA Ha TJi LiyKpoBoro aiadety (LLJ1). Mamepiaiu ma
memoou. [1poCTieKTUBHE TOCIIIKEHHST TUITY «BUMAI0K — KOH-
TpoJib» OyJ10 npoBeneHo y 2018—2022 pp. i oxorutoBano 173 ocid
i3 TyOepKynmbo30M, po3aiieHux Ha 3 rpynu: nepury (N = 54) —
HOBi BUIMaAKU MeAUKaMeHTO3HO-uyTauBoro Thb ta LI, npyry
(N = 56) — HOBi Bumagku myjiabTupesucteHTHoro Th ta LI/,
Tpetio (N = 63) — manieHTH 6€3 LyKpOBOTro IiabeTy 3 MPOorpecyro-
Y1M TYOepKyIb030M. L1i rpymu mopiBHIOBaJIA 3 KOHTPOJIBHOIO TPy~
oo (36 mpakTUYHO 3M0POBUX 0Ci0). JloCiIKEHHS IIPOBOAMINCH
BIIMOBITHO 10 HALliOHAJIBHOTO MPOTOKOJY HAaJaHHS MEIUYHOL
JIOTIOMOT'M Ta CTaHAAPTiB OioXiMiuHOI OLiHKY. Pe3yabmamu. Y XBo-
pux Ha Th i3 LI/] Bin3Havyamocst MOCHICHHSI aHTUOKCUIAHTHOTO

crarycy 3a 6iomMapKepaMM, SIK-OT 3araJIbHUI TJIyTaTiOH, BiTbHI
—SH-rpymu, 3aranbHi —SH-rpynu, GST, SOD, CAT, GPO ta
GR, nopiBHsHO 3 namieHtamu i3 Th 6e3 miadeTy, 1110 CBiTYUTH
PO 3MillleHHs OaJlaHCy MiX OKCHUAAHTaMU i aHTMOKCUIaHTaMU
B 0ik okcuiaHTiB. He OyJ10 BUSBIEHO CTATUCTUYHOI Pi3HULII NPU
MTOPIiBHSIHHI OioMapKepiB CUCTEMHM TJIyTaTiOHY B OCi0 i3 pe3ucTeHT-
HUM Ta YyTJUBUM 10 MEIUMKAMEHTIB TyOepKYyIb030M. Bucnosxu.
AHTUOKCUIAHTHUM 3aXUCT OYB OUIbII OCIa0JEHUM Y XBOPUX Ha
LYKPOBUIi NiaGeT, i3 IMOIIUM 3HUXEHHSIM Y TPYIi MyJbTUpe-
sucteHTHOTo Th. Y mamienTis i3 Th 6e3 mykpoBoro miabeTy piBHi
3arajJbHOrO i BiTHOBJIEHOTIO IIyTaTiOHY He Bilpi3HSUIMCS TTOPiBHSI-
HO 3i 3I0pOBUMHM 0cOOaMu, TOMi SIK BiibHI —SH-rpynu, 3araibHi
—SH-rpyrmu, GST, SOD, CAT, GPO ta GR 6ynu HuX9YuMu.
Hasgite 6GioMapkepu MeTab0IIi3My TAyTaTiOHY OyJIM HIKYMMU B
IPYIli XBOPUX Ha PE3UCTEHTHUI TyOEepKYJIbO3; CTATUCTUYHOI pi3-
HMUIIi HE TOCSITHYTO.

Kutrouosi ci1oBa: Lykposuii niader; Ty6epKyibo3; (hapMaKope3nuc-
TEHTHICTh; aHTMOKCUIAHTHA CUCTeMa
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Upstream-tepania penepdysinHmnx
nopyLweHb reMOAUHAMIKU, PUTMY | NPOBIAHOCTI
Y XBOPUX HA roCTpumn iHPAPKT MIOKAPAQ,
LLLO PO3BUHYBCS HA TAI LYKPOBOro Aiabety
T MEeTAOOAIYHOrO CUHAPOMY
(Apyre noBiAOMAEHHS)

Pe3tome. AkTyanbHicTb. Y nitepatypi HEQOCTaTHLO [aHWX O[O MeXaHiamiB BI/IMBY LIyKPOBOIro giabety 2-ro
many (U42) ta metabonidHoro cuHgpomy (MC) Ha 4acToTy po3BUTKY yCKIa[HEHb Y XBOPUX Ha iHGbapKT Miokapaa
(IM), a Takox He po3pobrieHO echeKTUBHNX METOLIB ix Kopekuii. MeTa po60oTu: OLiHUTY YacTOTy PO3BUTKY pernep-
y3iVIHNX yCKaaHeHb Ta eqheKTUBHICTb Upstream-Tepariii y XBOpux Ha rocTpuvi iH(bapKT mMiokapga B noegHaHHI
3 42 ta MC Lunsixom BKIIIOHEHHS B riporpamy Teparnii Kypcy L-kapHituHy/L-apriHiHy Ta iHriitopy H3KTI -2 ga-
narnigpnosuHy. Matepianu ta metoamn. O6¢TexeHo 38 xBopux Ha rocTpuii KopoHapHwi cuHgpom (FKC (STEMI))
Ha i A2 ta MC (ocHosHa gocnigHa rpyna) 1a 38 xsopux Ha TKC (STEMI) 6e3 42 i MC (rpyna nopiBHAHHS).
OKpim 3arasibHOKJ/IIHIYHUX METOAIB, NPpoBOANIN AeTaslbHe /1abopaTopHe Ta IHCTPYMEHTallbHE OBCTEXEHHS: 6io-
XIMIYHWV aHarni3 KpoBi, BUSHa4YeHHs PIBHIB ritoko3u, iHcyniHy, iHgekcy HOMA-IR, ninigorpamu, Koarynorpamu,
KpeatuHgpocghokiHaan (KPK-MB), TponoHiHy T, EKI, TpaHcTOpakasnsHy exokapgiorpagito (ExoKl) ta kopoHap-
Hy aHriorpagito (KAl). Pusnk BHYTPILLUHbOrocnitaabHOI netasabHOCTi nporHo3dysasu 3a wkasnorw GRACE. Ycim
nayieHtam 3 FKC (STEMI) nposeneHo ypreHTHy KAIC 3 nogasnbLLoo 6a/10OHHOK aHrion1acTuKol Ta CTEHTYBaH-
HSIM IHGbapKT-3a/1eXHOI BIHYEeBOI apTepii, a Takox rpoBoauIv CTaH[apTHY MEAVKaMeHTO3HY Tepanito 3rigHo 3
4YuHHMUM npoTokoniom MO3 Ta gogaTtkoBo npuaHadanin XBopuM [OCigHoI rpynv ganarnigpnosuH no 10 mr/goby
i 5 BHYTpILLHbOBEHHMX BiMBaHb L-apriHiH-L-kapHiTnHoBoi cymiiwi (BignosigHo 4,2 Ta 2,0 r) B 100 M/ pO3YUHHUKA.
Pesynbtatn. Ha KC (STEMI) Ha Tni 42 Ta MC BiporigHo 4YacrTiLLe xBopitoTb 40/10Bik1 cepeaHboro BikKy. Po3-
BuTok STEMI acouitoBaBcs 3 HassBHICTIO KOMOPGIAHWX CTaHiB: apTepiansHoi rineptensii, U2 ta MC, xpoHiyHoi
XBOPOOU HUPOK Ta KOMBiHoOBaHUx hakTopis puauky IXC. TaXKICTb KIiHIYHOro ctaHy xBopux Oysa 3yMoBrieHa
roctporo cepueBoro HegocTatHicTio (FTCH) IlI-IV cT. Ta HasBHICTIO TakKuX XUTTE3ArpoO3/IMBUX YCKIa[HEHb rOCTPOro
nepiogy IM, sik LyHOYKOBI opyLLeHHs putMy (y 45,3 %) ta nposigHocTi (y 23,8 %), Habpsik nereHsb (y 17,3 %),
roctpa aHespuama sisoro LusyHo4ka (y 13,3 %). KomneHcauis ByrneBogHoro o6MmiHy y KOMOpPOiaHUX XBOPUX
Ha IM y noegHarHi 3 A2 ta MC 3a gornomoroto ganarsnighriosanHy CyrnpoBOIKYBanachk BiPOrigHUM 3HUXXKEHHSIM
4acToTU XUTTE3Arpo3nBuX ycknagHeHe IM: yactota nopyLueHb pUtMy y XBOpuX [OCIIAHOI rpynu 3HU3uaacs
3 87,5 30 50,0 %, CH 3a Killip lI-lll K — 3 70,0 go 12,5 %, 1o 6y70 BipOrigHO MOPIBHAHO 3 rPYroK KOHTPO-
mo. [onaBaHHs [O CKAany npOTOKOSILHOI rporpamu Tepariii Kypcy napeHTepasibHoro 3actocyBaHHs L-apriHiHy
(4,2 r/g) Ta L-kapHituHy (2,0 78) cripysisio 3MEHLLEHHIO MOCTIHGaPKTHOrO PEMOLEIOBAHHS CEPLS Ta 3POCTaHHIO
ppakuii Bukugy (Ha 7 %). Y Takivi cutyauii yutonpoTekTopHa Tepanisi Ha QoHi nikyBaHHs iHrieiropom H3KTI -2
fanarnichsio3MHOM BUCTYrNae K NatoreHeTnyHa upstream-tepanis. BucHoBku. Y xsopux 3 FKC (STEMI) Ha Tni
A2 ta MC y BuxigHoMy cTaHi criocTepiraroTbCs rinepriiikemisi, iHCyniHOPEe3UCTEHTHICTb Ta BUPAXKEHI MOPYLUEHHS
MopoyHKLIOHATIbHUX rnapameTpiB cepusi 3 Noro cUCTOSIYHO-A[IacTosliHHO ANCYHKLIED, AKi € Tpurepamm
ycKknagHeHoro nepebiry uiei naTosorii, 3 pO3BUTKOM CUHAPOMY CepLeBoi He4OCTaTHOCTI Ta MopyLLUeHb PUTMY
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i mpoBigHoCTI. 3acTocyBaHHSI KOMI/IEKCHOrO JIiKyBaHHS 3 BKITIOYEHHSM L-kapHiTuHy Ta L-apriHiHy Ha ¢oHi Teparnii
iHrieitopom SGLT2 panarnighniosmHoM K upstream-tepanii Cripysie BigHOBIEHHIO Yy T/IMBOCTI TKAHWH [0 iHCYIiHY,
rOAINLUIEHHIO BYITIeBOAHEBOIro 06MIHY, NMPUBOANTL [0 MOSIMNLIEHHS NapamMeTpiB UeHTpaslbHoOI kapaioreMoanHamikuy,
LL{O CYrPOBOAXYETLCA BIPOrigHNM 3MEHLLEHHSIM HacTOTU PO3BUTKY Ta BUPAXEHOCTI roCTPOI JTiBOLLITYHOYKOBOI
He[oCTaTHOCTI Ta XUTTE3Arpo3/imBux pernepysiviHux apuTMmii.

Knro4oBi cnoBa: roctpuri KopoHapHusi CUHAPOM; LiyKPOBMI [iabeT; MeTaboslidHMi CUHLPOM; IHCYIiHOpe3uc-
TEHTHICTb; cepleBa HELOCTAaTHICTb;, apuUTMmii Ta 6r10kagm; L-kapHitur/L-apriHiH; iHri6itop SGLT2 ganarnigno3nH

Bctyn

B YkpaiHi 3a ocranHi 30 pokiB MOIIMPEHICTh ceplie-
BO-CYJIMHHUX 3aXBOPIOBaHb CEPEJl 1OPOCTIOTr0 HACETEeHHS
nmigBuMiIacs B 3,5 pa3a, 3pOCTaHHS PiBHS CMEPTHOCTI 3a
OCTaHHE NECATUIITTA Bifl ilieMiuHoi xBopoou cepis (IXC)
craHoBuUTh 16,2 %, Bin iHdapkTy miokapna (IM) — 13,9 %
[1, 2]. [TprunHOI0 HEraTUBHUX MEAUKO-AeMOrpadivHuX
TeHIEHIIi MoXe OyTH 3HaYHe MOILIMPEHHS K (PaKTOpiB
pusuky (®P) IXC [3, 4], Tak i koMopbigHOCTI [5].

Ocob6nuBe Miclie y xBopux Ha IM 3aiiMaioTh Taki 3HAYHO
MOIIMPEHi IMaTOJIOTIYHI KOMOPOigHi CTaHU, SIK METa0OoIiu-
Huii cunapoM (MC) ta mykpouii giader 2-ro tumy (LI/12)
[6, 7], sSiKi MalOTh CIIiJIbHI (haKTOPU PU3KUKY Ta MPOTPeCy-
BaHHSI: HEMpaBWJIbHE XapuyBaHHSI, MOPYILIEHHS JIiMiIHOTO
00MiHYy (auc- Ta TimepiimigeMis), TirnepriikeMis Ta iHCYJTi-
HopesucteHTHicTb (IP), oxxupiHHs, apTepianibHa TirnepTeH-
3is, rimogMHaMis [8§] — i 4acTo € MOCAiAOBHUMU CTadisIMU
OJTHOTO TATOJIOTIYHOTO TIPOIIECY.

JloBeneHo, 1110 rinepiHcyJliHeMis Ta iHCY1liIHOPE3UCTEHT-
HICTb iHAYKYIOTb MTOPYIIEHHS Pi3HUX JAHOK CUCTEMU Ir'eMO-
cTa3zy — TpOMOOIIMTApHY, CYAMHHY Ta IJIa3MOBY, SIKi MOXYThb
30iIBIINTY pU3UK PO3BUTKY IM, a mocuaeHuii Ipyu IbOMY
po3naj KUPiB MPU3BOAUTH A0 TOTO, 110 OKMCHEHI KUPHi
KMCJIOTU CTAalOTh ENMHUM JIXKE€PeJIOM €HEepTii AIs1 Kapaio-
miotwmTiB [9, 10], 110 miABUIIYE MOTPeOU MioKap/aa B KUCHI,
iHTiIOy€e Kasblli€BY i KallieBy aneHo3uHTpudocdarasy, 3Mi-
HIOE pOOOTY KasbLi€BUX KaHAIB, 3HMKYE piBeHb AT®D y Mi-
OKap/i, CIIpUsiE pO3BUTKY CEPLEBOI HEIOCTATHOCTI Ta 301/1b-
1IIy€ PU3UK 30SIKICHUX IITYHOUKOBUX apUTMili i BiITOBIZTHO
JIeTaJIbHUX HACiKIB y riepion roctporo IM [11, 12].

Ha cyyacHomy eTamni OCHOBHUMM MPUHLIMIAMU JTiKy-
BaHHs TocTporo IM e€: a) BinkpuTTs iH(papKT-3a1eKHOI
KOpPOHApHOI apTepii; 6) MeIMKaMeHTO3Ha IMiATPpUMKa JJIs
3aro0iraHHs po3BUTKY yckiagHeHb IM [13]. Pazom 3 Tum
3apa3 He pO3p00JIEHO TAKTUKU BEACHHSI KOMOPOiTHUX XBO-
pux nipu po3ButKy I'KC Ha i [I12 Ta/a6o MC, xoua n06pe
BiZIOMO, 1110 TJIiIKEMiYHUI KOHTPOJIb CYTTEBO BIJIUBAE HA
KJIiHiYHi Ta aHriorpadiuHi pe3yabTaTy peBacKyJsipu3alii
miokapna y nmamieHTiB 3 LIJ12. Tak, y 6araTbox paHIOMi30-
BaHUX KJiHiYHUX nociimkeHHsx (PK]I) mokazaHo 3B’130K
nepionepaliiftHol rinepriikeMii Ta MiIBUAIIEHOrO PiBHS IJli-
KoBaHOTO remoriobiny (HbAIc) 3 miABUILIEHUM PU3MKOM
CepLEeBO-CYIMHHUX YCKJAaIHEHb MPU €HA0BACKYJISPHIi
peBackyJsipu3aiiii Miokapna [ 14, 15].

I1pu BUGOpi aHTUTINIEepIIIiKeMi3yI0ouoro npernapary npu
1112 oTpuMyIOThCS BUMOT He JIMIIIe HOpMaJli3allii IIiKeMil,
aJjie 1 MOJIIIIIIeHHS MPOTHO3Y II0A0 KapAioBaCKYISIPHUX
ycKiIanHeHb [16]. PesynbTaTu miane60-KOHTPOJbOBAHUX
PK]I i3 3acTocyBaHHSIM iHTiOITOpPiB HATPiii3aJIeXKHOTO Te-
peHocHuKa rioko3u 2-ro tuny (H3KTI'-2) mokazanu ix
MOXJIMBICTb TOJIIMIITYBAaTU CEPLEBO-CYIUHHUI TTPOrHO3

y nauientiB 3 U2 [17—19]. ¥V nocninxenni EMPA-
REGOUTCOME [20] inri6itop H3KTTI -2 emnarnidio3ux
3HUXXYBaB 4aCTOTYy BUHMKHEHHSI BUMNAAKiB HedaTalIbHOTO
IM, incynbty Ha 14 %, ceplieBo-CynIMHHOI CMepTi — Ha
38 % i 3aranbHOI cMepTHOCTI — Ha 32 %. OkpiMm TOTO, ¥
rpyni emnariiio3uHy 3HaYHO 3HMKYBaJlaCh 4YacTOTa TOC-
MiTayti3amii 3 MPUBOAY XPOHIYHOI CEPLIEBOI HEIOCTATHOCTI
(XCH) Ha 35 %, a po3XOmKeHHsI KpUBUX BIKMBaHHs Ka-
1aHa — Maiiepa Mix rpyrnamu eMrantidhao3uHy i ruiate-
00 HacTajo BxXe yepe3 3 micai JikyBaHHs. Ha cboromni
nmanartipao3uH — €IUHUN Ipenapar 3 TpyIu iHTi0iTopiB
H3KTTI-2, mo pekoMeHIOBaHUIA IS IPU3HAYEHHSI T1a-
uientam 3 XCH 3i 3HmkeHow ¢pakuieo Bukuny (OB) 3
HasiBHicTIO abo BincytHicTio LIJI [21, 22].

Pazom 3 TuM y ntitepatypi HUHI HEIOCTAaTHHO JAHUX 100
BBy LIJ12 Ta MC Ha yacToTy pOo3BUTKY YCKJIaJHEHb Y
KOMOpPOiTHUX XBOpUX y TocTpoMy Tiepioai IM, a Takox He
po3po0JIeHO e(DeKTUBHUX METO/iB KOPEKIIii TAKMX JKUTTEBO
HeOe3neuHux yckianHeHb IM, sik peniepdysiiiHi ceplieBa
HEIOCTaTHICTh Ta IIJTYHOYKOBI apUTMil, SIKi CYTTEBO yCKIIaI-
HIOIOTh Tiepedir XBOpoOM Ta YacTo MPU3BOISATH 10 HECTIPU-
SITJIMBOTO IPOTHO3Y B paHHBOMY i BilmajieHOMY Ilepioaax.

Meta podOTH: OLIIHUTU YACTOTY PO3BUTKY TaKMX pe-
nepy3iiHUX yCKIaaHeHb, SIK 3HUXEHHS CKOPOTJIMBOL
3MaTHOCTI MioKapmaa, IMMOPYIIeHb PUTMY i IIPOBITHOCTI Ta
edexTUBHICTb upstream-Teparnii y XBOpUX Ha TOCTPUIA iH-
¢apKT MioKapaa B MO€THAHHI 3 LIYKPOBUM AiaOeTOM i Me-
TabOJIYHUM CUHIPOMOM IILJISIXOM J0JaBaHHS 10 CKJIaay
IIPOTOKOJBHOI MpOrpaMu Teparllii Kypcy IapeHTepaabHO-
ro 3actocyBaHHS L-kapHiTuHy/L-apriHiHy Ta iHTiOGiTOPY
H3KTT-2 nanarnicgio3uny.

Marepiaau Ta metoaun

JlocimkeHHs IMPOBeAeHO SIK BiIKpUTE, KOHTPOJIbOBAHE,
MOPiBHSIIbHE, Y MapajeIbHUX TpyIax i 0a3yeTbcsi Ha 00-
crexxeHHi 76 mauienTis (38 xBopux i3 'KC 3 esneBariiero ce-
rmeHTa ST (STEMI) na tni U2 Ta MC (I, ocHoBHa rpyria)
ta 38 xBopux Ha 'KC (STEMI) 6e3 LIJ12 i MC (II, rpyna
nopiBHsIHHS)). iarHo3 'K C BepudikyBaau BioltoBimHO 10
pekoMeHalliit yHiikoBaHoro npotokoiay MO3 Ykpainu
[23] Ta ESC [24].

IMinTBepmkenHs niarHosy LIJI2 nmpoBonuau 3a goro-
MOTOIO KJIiHiKO-1a00paTOpHUX Ta iIHCTPYMEHTAIbHUX Me-
TOMiB OOCTEXEHHSI 3TiTHO 3 Mi>XKHAPOAHUMU HACTAaHOBAMU
(AMepuKaHCbhKa niabeTuyHa acolianis Ta MixkHapoaHa
nmiabetnuyHa deneparis). PiBeHb I110K031 B I1a3Mi Kpo-
Bi (HbAlc) BU3HAUaIU IIIOKO300KCUIA3HUM METOJOM 32
nmornomororo aHafiizatopa Bisensline (Himeyunna), iHcymi-
HY — XeMUIIOMiHECIIECHTHUM MeTOIOM (aHastizaTop Access2,
CIIA), HasBHicTb P oniHtoBanu 3a innekcom HOMA-IR,
a CTYITiHb 1i BUpaXXeHOCTi — 3a BeJIMYMHOIO Koedimienra IP
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3a F. Caro. Kputepismu HasgBHOCTI [P BBaxkanu 3Ha4eHHST
HOMA-IR nonan 2,77, ingekcy Caro meHiie 3a 0,33, To6T0o
yuMm Buiui inmekc HOMA-IR ta Hmxunit inomexc Caro,
TUM HUXYa YYyTJIMBICTh TKAHUH JI0 iHCYJIiHY i Buina [P.

OkKpiM 3arajJlbHOKJIiHIYHUX, TJaOOpaTOPHUX Ta iIHCTPY-
MEHTaJIbHUX METOMiB [25], 10omaTKOBO MPOBOAMIN KOPO-
HapoBeHTpUKyJIorpadiio [26] Ta BU3HA4YaIu MMapamMeTpu
iHTpaKapmiaJbHOI TeMOIMHAMIKM METOIOM TPaHCTOPaKalb-
Hoi ExoKI (Canon Aplio 400 i3 cekTopaabHUM JaTYNKOM )
y M-, B- ta nomiepiBcbkoMy pexumax [27] o oLiHKuT
CTaHy BHYTPIlIHbOCEPLEBOI reMOIUHAMIKHU, TUITY CTPYK-
TYpHO-T€OMETPUYHOTO PEMOJIEIIOBAHHSI Ceplis Ta BapiaHTa
nuchyHKIT Miokapaa. [ BU3HaueHHST TAKTUKY JTIiKyBaH-
HSI B YCiX MALliEHTIB OLIIHIOBAJIM PU3MK BHYTPIILIHHOTOCITi-
TaJIbHOI JIETAJIbHOCTI Ta 6-MiCIYHOI CMEPTHOCTI 32 IIKAJIOI0
GRACE [28].

IlamienTam ocHoBHOI Tpynu 3 roctpumM IM Ha Ti LIJ12
i MC mipoBeneHO ypreHTHY KopoHaporpadilo 3 HaCTYITHOIO
0aJIOHHOIO aHTIOIIACTUKOIO Ta CTEHTYBaHHSIM iH(papKT3a-
JIESKHOI KOPOHAPHOI apTepii, a TAKOXK ITPOBOIWINA CTaHIAPT-
Hy MeIMKaMEeHTO3HY Tepariilo 3rinHo 3 mpoTtokoioM MO3
VYkpainu ta gogaTkoBo npusHadanu iHridoitop H3KTI-2
nanariticpyio3us nmo 10 Mr/mo0y i 5 BHYTpillTHbOBEHHUX BJIM-
BaHb L-apriniH-L-kapHiTHHOBOI cyMili (BiamosigHo 4,2
Ta 2,0 1) B 100 M1 po3uMHHUKA. XBOPi IpyMNy MOPiBHSIHHS
OTPUMYBAJIU JIUILIE TTPOTOKOJIbHE JIIKYBaHHSI.

CTaTUCTUYHE OIpAIIOBaHHS IMOKA3HUKIB MTPOBOIIIN
BapialliifHO-CTaTUCTUYHUMU METOAAMU aHali3y, 11O 3Milc-
HEHO 3a JOTIOMOTI0I0 TIepCOHaIbHOTO KoMIT toTepa Intel
(R) Celeron (R) CPU 2.60 GHz Ta mpuki1agHoi mporpaMu
IU1S1 pOoOOTHU 3 eJeKTpOHHUMM TabauusiMu Microsoft Excel
2010 B cepenoBuiri Windows XP Professional (CLLA, 2009).
Bubipku nepeBipsijiv Ha HOPMaJIbHICTh PO3MOIiTY JTaHUX 32
tectoM llammipo — VYinka, 3acTocoByBaau ImapaMeTpUUYHI
(t-tect, kpurepiii CTbioaeHTa) M HenapameTpuuHi (U-TecT
Manna — YitHi) metonu. s OLiHKM 3B’I3KYy MixX O3Ha-
KaMy BU3Havau KoeillieHT Kopessiii (r) Ta Kpurepiit
BiporigHocTi 3a MmetonoMm Ilipcona [29].

PesyAbTaTU

Sk Oys10 BUCBITJIEHO B ITOIIEpEeIHBOMY HAIIIOMY ITOBi-
momiaeHHi [30], ocobnuBicTio KiiHiyHOTO nepebiry 'KC
(STEMI) y komop06imHMX XBOpHX OYB BipOTiZHO YaCTilIMiA
PO3BUTOK 11i€i marosorii y xBopux Ha 12 Ta MC momnon-
11100 BiKy, Toi sIK y nauieHTiB 6e3 LI/12 i MC 3aroctpeH-
HsI KOpPOHApHOiI XBOPOOM HayacTillle peecTpyBaiu y Billi
roHan 60 pokis (16,0 vs 39,5 %) (pi3HULST MiX TpyIaMu 3a
KpuTepieM x> BucokosiporigHa, p < 0,001).

HajliyactimmMu KoMOpOiMTHUMU CTaHAMM, SIKi MOTJIN
CYTTEBO BIUIMBATHU Ha Mepedir OCHOBHOIO 3aXBOPIOBAHH!,
OyJIM y XBOPUX OCHOBHOI I'PYITM — apTepiaibHa TinepTeH3ist
(v 94,7 %) ta U2 i MC 3 HaIUIMIIKOBOIO Macolo Tijia abo
oxupinHsm (y 85,4 %) npoTtu BignosinHo 65,8 ta 31,6 %
Y XBOPMX I'PYIM MOpiBHSIHHS. Pimiie B yncii koMmopo6inHoi
MATOJIOTII TPAIISUIMCS XPOHIYHE OOCTPYKTUBHE 3aXBOPIO-
BaHHs JiereHb (XO3J1) (29,3 ta 17,9 %) ta XBopoObu HUPOK
(30,712 17,9 %).

Haii6inpi nommpenumu dpakropamu pusuky IXC B
00CTeKeHMX MAlli€eHTIB 000X IpyI Oy aucimiaeMis (96,0
vs 71,1 %) Ta yacre moneHHe KypiHHa (y 34,7 % nanieHTiB

I rpynu Ta 'y 47,4 % oci6 11 rpynu), yactoTa IKMX BipoTii-
HO BUIIIA y MallieHTiB ocHOBHOI rpynu (p < 0,05). CyTTeBo
yacrillle AiarHOCTYyBalu MOEIHAHHS IBOX i Oinbiie OP y
KoMopbigHux nauieHTiB (89,3 nmpotu 36,7 %) (p < 0,05).

PesynbraTyi CKpMHIHIOBOIO aHajli3y IMOKa3HUKIB BYT-
snieBonHOro 00MiHYy (HbAlc) mokazanu, 110 y maitieHTiB 3
I'KC (STEMI) B noeananHi 3 LIJ12 pieenb HbAlc ctaHOBUB
8,35 £ 0,08 %, a B oci6 3 izonpoBanum I'KC (STEMI) —
7,18 £ 0,23 % (p < 0,05), 1m0 CBiAYMIIO TTPO HEAOCTATHIA
KOHTPOJIb KOMIeHcallii rinepriikemii y xsopux 3 'KC
(STEMI) na tni U2 ta MC. ¥ KOMOPOIZHUX XBOPUX
Bi3HayaaMcs 3HaYHO BUILi Moka3Huku [P, ocobauBo y
Mali€eHTIB 3 HAJIMIIIKOBOIO MaCOIO Tijla Ta OXUPiHHSIM.
Tak, y xBopux Ha 'KC (STEMI) 060X gocaiaHuX rpyI npu
HopMaJbHil Maci Tina inmekc HOMA-IR cranoBus 9,8
(6,8—12,5), y XBOpMX 3 HAIJIUIIKOBOIO Macolo Tia — 17,1
(15,6—18,2), a B mamieHTiB 3 oXupiHaam — 22,5 (21,9—
23,6), 1o GyJI0 BiporigHO BUIIE, HiXK y KOHTposi — 6,7
(5,1-9,2), i oGrpyHTOBYBaI0 HEOOXiAHICTH HOpMAJTi3allil
rineprimikemii Ta IP y mx xoMopOimHUX XBOPHUX.

OKpiM BIUTMUBY KOMOPOiIHOCTI Ha PO3BUTOK HOCIIIXY-
BaHuX yckiagHeHb, STEMI B o0cTexkeHNX XBOpUX aco-
1LIi10BaBCS 3 TEPMiHOM IPOBEICHHS TTEPKYTAHHOTO KOPO-
HapHOIro BTPyYaHHS, SIKUI y MalliEHTIiB OCHOBHOI Ipymnu
CTaHOBUB y cepeaHbomy 9,32 + 1,24 ronMHu 3 MOMEHTY
MOSIBU aHTi{HO3HOI'O CUHIPOMY, a Y XBOPUX TPy IMOPiB-
HSHHS — 6,16 £ 1,32 rogunu. [1pu upoMy penepdysiiiHi
YCKJIaJHEHHSI BipOTiIHO YacTillle PO3BUBAINCH Y XBOPUX Ha
I'KC (STEMI) y noegnanni 3 LIZ12 Ta MC. Tak, ouiHiooun
panniit iepion 'KC (STEMI), Binznaunmo, mo y 10,7 %
koMmop0bigHux xBopux 3 'KC wa i IIJI2 i MC tay 52,6 %
3 i3ompoBaHuM ['KC criocTepiraiacst roctpa cepiieBa Hello-
cratHicTh kiacy I 3a Killip, BinmosinHo y 22,7 ta 26,3 % ni-
arrocryBanm kiac 1 3a Killip, y 49,3 Ta 15,8 % — Killip I11
iB17,3T1a5,3 % — Killip IV.

Tob6T0 y KOMOPOIIHUX MALiEHTIB BiI3BHAYAETHCS CYTTEBO
TsKunii kiiHiyauit iepe6ir 'KC 3a kinacom 'CH. Y nai-
€HTIB i€l rpynu ocuth yacto (y 17,3 % Bumanxis) aiarHo-
CTYBaJIM CUHIPOM TTOIOBXEHOT0/BKOPOUYEHOTO iHTEPBATY
QT, 3 IKMM OiNIBIIICTh AOCIIIHUKIB MOB’I3YI0Th BUCOKY
YacTOTY PO3BUTKY KUTTE3ArPO3JIMBHX IILTYHOUKOBUX apUT-
Miit. FocTpuit TpPOMOO3 CTEHTa PO3BUHYBCS Y TBOX XBOPUX
i3 cymmytHiM LIJI2 Ta MC. 3arajioM y mami€HTiB OCHOBHOIL
TPy KiJIbKICTb YCKJIaMHEeHb Oyna B 2,4 paza BUILOIO, HiX
y rpy1i xBopux 3 izosiboBaHuM I'KC (STEMI).

Pesynbratt BuxinHoro ExoKI'-gochimkeHHs naiieHTiB
(Taba. 1) cBiguaTh, 1110 MOKA3HUKHU B OCHOBHOI TPYITH XBO-
pUX CYTTEBO BiIpi3HAIOTHCS Bill aHAJIOTIYHUX Y 3MOPOBUX
Joneit i B rpymni xBopux 3 izoapboBanum 'KC (STEMI).
CrioctepiraeTbcs BipoTigHe 3pOCTaHHS iHAEKCY Macu Mio-
Kapza yiBoro nnryHouka (JILL) Ta iforo o6’emy 3a paxyHOK
301/IbIIEHHS OiaCTOJiYHUX i CUCTOJIYHUX PO3MipiB, 1110
cBimuuTh Tipo rineprpodiro JILI Ta ftoro pemoaeaoBaH-
Hs. HacninkoM 1mx npoleciB cTajio CyTTeEBE MOPYLIEHHS
CHUCTOJIOHIACTONIYHOI (DYHKIIIT ceplist B 00CTEXKEHUX TPYII
XBOPMX, 2 OTPUMaHi BipOTiHi BiMMiHHOCTI pe3y/bTaTiB Kap-
JioreMOIMHAMIKM MixXK TOCITiIKyBaHUMM IPyIIaMy XBOPUX 3
I'KC (STEMI) na ti U2 i MC Ta 6e3 HuX 00rpyHTOBYIOTb
TOLIJIBHICTD BiITIOBiMHOI MEMMKAMEHTO3HO1 KOPEKIIil y KO-
MopOigHux xBopux 3 '[KC (STEMI).
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Ta6nunys 1. [Noka3HUKN exokapaiorpamu B o6¢cTexeHux rpynax xsopux i3 F'KC Ha tni U2 ta MC (M = m)

MokasHnkm (rKC (STé)nﬁlr)KiBﬂE;%"ﬁcx n=38 | (TKC (STI;EPI\XB%:?I).II?Z“ iMC), n = 38 P
T3Cnw, cm 1,14 £ 0,04 1,09 = 0,04 > 0,05
TMLLMM, cm 1,19 £ 0,06 1,10 £ 0,07 > 0,05
IMMIJILU, r/m? 172,4 + 51 151,3 £ 4,7 < 0,05
KOOnw, mn 161,6 +1,3 147514 < 0,05
KCOnw, mn 98,7 + 2,6 81,3+2,7 < 0,05
IVRT, mc 80,6 +1,3 84,7 +1,2 < 0,05
DT, mc 168,3 + 4,1 193,9 4,2 < 0,05
E, cm/c 56,8 +1,7 50,4 +1,4 < 0,05
A, cMm/c 43,3 + 1,1 35,6 +1,2 < 0,05
E/A 1,28 + 0,04 1,41 £ 0,03 < 0,05
OB, % 47,6 £0,5 53,1+0,4 < 0,05

TlopyieHHs pUTMY i TPOBITHOCTI CepIlsT JiaTHOCTYBaJIN
y 37 (97,4 %) o6CTEesKeHUX XBOPUX OCHOBHOI Tpynu Ta'y 27
(71,1 %) marieHTiB rpynu MopiBHAHHSA (Tabs. 2). Haityac-
Tillle peECTpyBaIM IIJTYHOUKOBI a00 CynpaBEeHTPUKYJISIPHI
eKCTpacucToIH (BimmosigHo y 65 (86,7 %) xBopux I rpymu i
y 19 (67,9 %) — 1l rpynn), mapokcu3mu pidoprtsiiii nepea-
cepab (y 22 (29,3 %) i4 (14,3 %)), LIUTyHOYKOBY TaxiKapilo
(y 12 (16,0 %) i 1 (3,6 %)), 610Kamu pi3HOTO CTYIEHS Ta
JIoKati3alii (BimmosinHo y 32 (42,7 %) naiieHTiB OCHOBHOI
rpynu i 6 (21,4 %) — rpynu nopiBHSHHS). BcTaHoBIeHO
MpSAMY TTOMIpHY 3aJIeXKHICTh YACTOTH Ta TSKKOCTI MOPYIIeHb
PUTMY i IPOBIAHOCTI BiJl BEIMYMHM ILIOIII (00’€MY) MioKap-
IiaJIbHOTO HEKPO3y, BU3HAYCHUX 3a BEJIMYMHOIO eJIeBallii
cermeHTa ST, migBUILIEHHS PiBHIB KpeaTuHiH(MOCHOKiHAZK
Ta TpornoHiny T y maa3mi kposi (r = 0,247—0,409). Pazom 3
TUM BipOTiZHOI pi3HULII B CUJIi KOPEJILIIHHUX 3B’13KiB MixX
XBOPUMMM OOCTEXXKEHMX IPYIT HE BUSIBJICHO.

Taxkum unHom, Ha 'KC (STEMI) Ha tni L2 Ta MC
cyTTeBO yactiiie (y 84 % BUMaaKiB) XBOPIilOTh YOJOBIKU
cepemHboro BiKy (mo 60 pokKiB), IUTS SKUX XapaKTepHa JacTta
HasIBHICTb KOMOPOiTHUX CTaHiB: apTepiaibHOI rinepTeHsii,
1IJI2 i MeTaboIiYHOTO CMHIPOMY, XPOHITHOI XBOPOOH HU-
pok, XO3JI — y 29,3 % i takux kombinauin @P IXC, gk
aTeporeHHa OMCIIIiaeMist, KypiHHS TIOTIOHY Ta OOTsKeHa
cragkoBicTh mono IXC ta /12 i MC. TspKKicTb KIIiHIYHOTO
crany xBopux Oyna 3ymonneHa I'CH I1I-IV ct. Ta Takumu
JKUTTE3ArPO3TUBUMU YCKIATHEHHSIMHA TOCTPOTO TEePioay
IM, sK 1JIYHOUKOBi MOPYILIEHHSI PUTMY i TPOBITHOCTI Ta
HaOPSIK JICTeHb.

[Ticast mpoBeneHoro JikyBaHHs iHnekc HOMA-IR 3Hu-
JKyBaBC$l Y MAaLiEHTIB YCiX H0CTiIKyBaHUX IpyI. Tak, y XBo-
pux Ha IM rpynu I HOMA-IR 3Hu3uBcs B 1,24 pasa npu
HOpMaJibHili Maci Tina Ta B 1,55 paza — npu HaIJUIIKOBIM
Mmaci tina. ¥ nauientiB Il rpynu npu nogaTKoBOMy MpH-
3HauYe€HHi L-KapHiTMH-L-apriHiHOBOro KOMILIEKCY iHIeKC
HOMA-IR 3nu3uBcs B 1,42 pa3a mpu HOpMaJlbHiii Maci Tia
Ta B 1,74 pa3a — mpu HaUTMIIKOBIi Maci Tia. Y malieHTiB
3 IOIATKOBUM Mpu3HaYeHHsM ganariidaosuny HOMA-IR
3HM3MBCA B 1,98 paza mpu HopMasbHiil Maci Tina ta 'y 2,35
pa3a — Ipu HaJIMIIKOBIH Maci Tiza. BogHovac y XBopux Ha
IM B moemnanni 3 LIJ12 Ta MC, s1Ki ipuitmany mamariiciio-

Ta6bnunys 2. Yactorta nopyLueHb cepLieBoro putmy
y xBopux Ha FKC (STEMI) gocnigHoi
Ta KOHTPOJIbHOI rpyn, %

i Fpyna
Tun nopyLueHb puTMy Aocnipna
Ta npoBigHOCTI Lpzrzlaaa’ KO:T=ngB'IIO,
c 6 ) 1 26,2 19,4
WHycHa 6paaunKapmis
yoHa Gpagukapain | 56 o
c . . 1 49,5 48,6
WHycHa Taxikappis
y P 2| 135 46.9
CynpaseHTpukynspHa | 1 60,2 61,5
eKcTpacucTonis 2 10,8* 53,1
LLnyHo4koBa 1 42,5 40,5
ekcTpacucTonis 2 5,4* 31,25
ATpiOBEHTPUKYNSIpHA 1 17,2 17,5
6nokapga 1-ro cTyneHs ) 2,7 15,6
ATpioBEHTPUKYNApHA 1 15,0 15,5
6nokaga 2-ro cTyneHs ) 27 12,5
ATpiIOBEHTPHKYNSApHA 1 10,5 12,5
6rokapa 3-ro cTyneHst | o 0,0* 8.7
Briokaga niBoi Hixkm 1 8,8 7,0
ny4ka lica 2 2,7* 50
Brokaga npaeoi Hixkn | | 16,5 14,0
nydka lica 2 8,1 12,5
CynpasenTpukynspHa | ! 6.5 11,5
Taxikapgis 2 0,0 94
oo |1 5,0 7,5
LLInyHouKoBa Taxikapmis
2 0,0 6,25
. . . 1 55 8,25
Di6bpunALisa LLITYHOYKIB
2 0,0 6,25

TMpumitkn: 1,2 — BiANOBIAHO NOKa3HUKM [0 Ta nicsis Ni-
KYyBaHHS1; * — PIi3HULSI MOPIBHSIHO 3 rPYrot0 KOHTPOJIIO
BiporigHa (p < 0,05); aaHi, BUAINeHi XupHUM LWpughTom,
BiApI3HAIOTBCSA Bif AaHuX [o JikyBaHHs (p < 0,05).
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3UH, CTATUCTUYHO CYTTEBO 3HMIKYBABCSI PiBeHb iHCYIIIHY B
KpoBi (Ha 40,54 %, p < 0,05).

Bapto Takox 3a3HaYMTH, 110 MEIUKAMEHTO3HA KOM-
MeHcallisl ByTJIeBOJIHEBOTO OOMiHY Y KOMOPOITHUX XBOPUX
Ha IM B nmoennanHi 3 LIZI2 Ta MC 3a gonmoMororo jgarnar-
JIihJIO3UHY CYTPOBOJIXKYBaJIaCh BipOTiTHUM 3HUKEHHSIM
YaCcTOTH XKUTTEZATPO3TUBUX YCKIATHEHb TOCTPOTO MEPiory
IM. Tak, yacTtoTa mopyiieHb pUTMY i IIPOBITHOCTi y XBOPUX
JIOCJiIHOI Tpyny B Ipolieci KoMIuieKcHoro JikyBaHHs ['KC
METOJIOM Yepe3IIKipHOro KOpoHAapHOTO BTpyYaHHs i L1J12
TUITY Janariiio3uHoM 3Hu3uaack 3 87,5 no 50,0 %, 'CH
11111 ®K 3a Killip — 3 70,0 10 12,5 %, 110 6y:10 BiporinHo
MOPIBHSHO 3 TPYIOI0 KOHTPOJTIO.

O6roBopeHHs

Taxkum yuHOM, y xBopux Ha IM B moeaHanHi 3 MC ta
1112 po3BUBa€ETHCS MOPYIIEHHS BYIJIEBOAHEBOIO OOMiHY,
1110 TIPOSIBIISIEThCS TirepriiikeMieto Ta IP.

Came HasgBHicTb [P Ta mopyiiieHb ByIJieBOAZHEBOIO 00OMi-
Hy CIpUsijia TOCWJIEHHIO PO3BUTKY PO3JIajliB CUCTOJIONIACTO-
JliyHO1 (byHKIIT MioKkapaa Ta 301IbIIIEHHIO YaCTOTU PO3BUT-
Ky >KATTE3arpo3IUBUX yeKIagHeHb y xBopux Ha [KC (IM).
Towmy niarHoctuka y BuxinHoMy ctaHi y xsopux Ha ['KC (IM)
BUPaXXeHUX MOpYILIeHb MOPDOGYHKILIOHATBHUX ITapaMeTPiB
ceplis, MichsiiHhapKTHOTO PEMOJISTIOBAHHS 3 PO3BUTKOM
CHUCTOJIOMIACTOMIYHOI AUCcGhYHKIII, SKi 30epiranuch 6e3ro-
CepEeNHbO TICIISI YPreHTHOTO YePe3IKipHOTO KOPOHAPHOTO
BTPYYaHHS, CTajla OOTPYHTYBAHHSIM JUIS BKIIIOYEHHS B CKJIa
MPOTOKOJIbHOI IIPOrpaMu Tepartii Kypcy napeHTepaibHOTO
3acrocyBaHHsI L-apriHiny (4,2 r/n) Ta L-xapHituny (2,0 r/m),
1110 CIPUSIIIO 3MEHIIIEHHIO IMOCTiH(apKTHOTO PeMOIETIIOBaH-
Hs ceplist Ta 3poctanHio @B (Ha 7 %).

OnHOYACHO 3 MOJIITILIEHHSIM CKOPOTIMBOI (DYHKIIIT cep-
01 y xBopux Ha IM B paHHBOMY TIepiofi BipOTiZHO 3HIKY-
BaJIaCh YaCTOTa PO3BUTKY TaKUX MOPYIIEHb PUTMY i Mpo-
BiIHOCTI, SIK CMHYCHA TaxiKap/is 31 3HUKHEHHSIM CUHYCHOI
apuUTMii, aTpiOBEHTPUKYJISIpHA 0J10Kaga BUCOKOIO CTYIEHS,
CYNpPaBeHTPUKYJIIPHA Ta LITYHOUKOBA €KCTPACUCTOJTis, SIKi
MOXXYTb OYTH TIPEINKTOPAMU PO3BUTKY IUTYHOUYKOBOI Taxi-
Kap/ii Ta piOpUIISILIl HITYHOUKIB a00 aCUCTOJil cepls.

Biporigauii mo3uTUBHUI pe3yIbTaT II0I0 BIUIMBY 3a-
MPOMOHOBAHOTO LIMTOMIPOTEKTOPHOTIO JIIKyBAaHHSI Ha 3HU-
JKeHHSI YaCTOTH i BUPAXKEHOCTi apUTMill Yy paHHbOMY IIepiofi
IM (I'KC), 30kpema pernepdy3iiiHUX apUTMiil, Ha Hally
IYMKY, TOCSITHYTO caMe yepe3 KapAioMeTa0oIiYHUI BIUIUB
L-kapHiTUHY, SKU MOJITIIITYE eHepreTUUHUI OOMiH B Kap-
nioMionuTax, oOMexXye 30Hy HEKpPO3y MioKap/a, 3arnobira-
091 peMOIEII0OBaHHIO KaMep cepiid [31], 3HMKY€E piBeHb
OKCHIIATMBHOTO CTPECY LIJISIXOM MOMYJISILII CITiBBiTHOIIIEH-
Hs1 KoA/KoA-SH, 1110 acuMiitoe MacuB BiJIbHOpaaIuKallb-
HUX CITOJIyK B OpraHejax Ta 3arno0ira€ HaKonmM4YeHHIO B
LIMTOIIa3Mi KapAioMioLMTiB edipiB XUPHUX KUCIOT, SIKi
MOXYTb ITPU3BOIUTH 10 BAHUKHEHHS (haTalbHUX IUTYHOU -
KoBUX apuTmiii [32, 33]. ¥ Takiii cutyalii HIUTONPOTEKTOPHA
Tepartis Ha T JikyBaHHs iHrioitopom H3KTI'-2 mamarmi-
(103MHOM BUCTYMAE SIK MaTOTeHeTUYHA Upstream-Tepartisi.

BucHOBKM
YV komop6inaux xBopux 3 'KC (STEMI) na i LIJ12 ta
MeTaboJIIYHOTO CMHIPOMY Y BUXIIHOMY CTaHi CIIocTepira-

IOTBCS TIMTePIIiKeMis, iIHCYTiHOPE3UCTeHTHICTh Ta BUPaXKeHi
rnopyuieHHss MOpodyHKIIOHAILHUX MapaMeTpiB ceplst 3
MOPYIIEHHSIM CUCTOJIIYHO-IiaCTOIIYHOI (PYHKIIII i pO3BUT-
KOM CUHAPOMY CEepLIeBOi HEAOCTATHOCTI, SIKi € TpUrepaMmu
PO3BUTKY YCKJIaTHEHOTIO Mepediry 1€l marojorii, 3oKkpema
MMOPYIIEHb PUTMY i IPOBITHOCTI.

V 1iux KoMopOinHUX Nalli€HTIB BipOTiAHO 3POCTAE PUBMK
BUHUKHEHHSI TAKUX TTPOTHOCTUYHO HECTIPUSITIINBUX TOPY-
IIIEHb PUTMY, SIK CUHYCHA TaxXiKapisi 31 3SHUKHEHHSIM CUHYC-
HOI apUTMii, aTPiOBEHTPUKYJISIPHi OJIOKaI BUCOKOTO CTyIIe-
Hsl, CYTIPaBEHTPUKYJISIPHA Ta IIJTYHOYKOBA €KCTPACUCTOJIIs,
SIKi MOXKYTh OYyTU MPEeIUKTOPaAaMM PO3BUTKY IIUTYHOUKOBOI
Taxikapii Ta GiOpuIsILil HITYHOUKIB 200 acHUCTOJIIT ceplis.

3acTocyBaHHSI KOMIUIEKCHOTO JIIKYBaHHS 3 BKJIIOUEH-
HsIM L-xapHituHy Ta L-apriHiHy Ha T1i Teparrii iHriGiTopoM
H3KTTI -2 manmantiio3nHOM gK upstream-teparii CIIpusie
BiIHOBJICHHIO YYTJIMBOCTi TKAHMH A0 iHCYJIiHY, TOJIIIIIeH-
HIO BYIJIEBOJIHOTO OOMiHY, TTPUBOAUTH 10 BipOTiIHOTO T10-
JIIMIIEHHS MapaMeTpiB LEeHTPaJbHOI KapAioreMOIMHAMIKH,
IO CYIPOBOIKYETHCS cyTTeBUM (p < 0,05) 3MEeHIIIEHHIM
YaCTOTH PO3BUTKY Ta BUPAKEHOCTI TOCTPOI JiBOLITYHOY-
KOBOI HEIOCTATHOCTI Ta XKUTTE3arpO3INBUX perepy3iliHIX
apuUTMiii y paHHbOMY MicCJIsliH(apKTHOMY TIepioi.

KonduiikT inTepeciB. ABTOpu 3asiBJSIIOTh PO BiICYTHICTh
KOHQJIIKTY iHTepeciB Ta BJlacHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi IIpY MiATOTOBIII JAHOI CTATTI.
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Upstream therapy of reperfusion disorders of hemodynamics, rhythm and conduction in patients
with acute myocardial infarction with diabetes mellitus and metabolic syndrome
(second message)

Abstract. Background. There is a lack of scientific data on the me-
chanisms of influence of type 2 diabetes mellitus (T2DM) and meta-
bolic syndrome (MS) on the incidence of complications in patients
with myocardial infarction; no effective methods of their correction
have been developed. The purpose of the study was to evaluate the
incidence of reperfusion complications and the effectiveness of up-
stream therapy in patients with acute myocardial infarction combined
with T2DM and MS by including L-carnitine/L-arginine and da-
pagliflozin, a sodium-glucose cotransporter-2 (SGLT?2) inhibitor, in
the treatment program. Materials and methods. We examined 38 pa-
tients with acute ST-elevation myocardial infarction (STEMI) on the
background of T2DM and MS (study group) and 38 patients with
STEMI without T2DM and MS (control group). In addition to the
use of general clinical methods, detailed laboratory and instrumental
examinations were performed: biochemical blood tests, evaluation
of glucose, insulin, HOMA-IR, lipidogram, coagulogram, creatine
kinase-MB, troponin T, electrocardiography, transthoracic echocar-
diography and coronary angiography. The risk of in-hospital mor-
tality was predicted by the GRACE score. All patients with STEMI
underwent urgent coronary angiography with subsequent balloon an-
gioplasty and the infarct-dependent internal carotid artery stenting,
as well as standard drug therapy according to the Ministry of Health
protocol and were additionally prescribed dapagliflozin 10 mg/day
and 5 intravenous infusions of L-arginine-L-carnitine mixture (4.2
and 2.0 g, respectively) in 100 ml of solvent. Results. STEMI on the
background of T2DM and MS is significantly more common in
middle-aged men. The development of STEMI was associated with
the presence of comorbid conditions: hypertension, T2DM and MS,
chronic kidney disease, and combined risk factors for coronary heart
disease. The severity of the patient’s clinical condition was due to
congestive heart failure III—IV and the presence of life-threatening

complications of the acute period of myocardial infarction such as
ventricular arrhythmias (45.3 %), conduction disorders (23.8 %),
pulmonary edema (17.3 %), and acute left ventricular aneurysm
(13.3 %). Compensation of carbohydrate metabolism in patients with
myocardial infarction combined with T2DM and MS using dapagli-
flozin was accompanied by a significant reduction in the incidence of
life-threatening complications: the incidence of rhythm disturbances
in patients of the study group decreased from 87.5 to 50.0 %, heart
failure (Killip class II-IIT) — from 70.0 to 12.5 %, which was signi-
ficant compared with the control group. The inclusion of parenteral
arginine (4.2 g/day) and L-carnitine (2.0 g/day) in the protocol
therapy program contributed to a decrease in postinfarction cardiac
remodeling and an increase in ejection fraction by 7 %. In this situa-
tion, cytoprotective therapy against the background of treatment with
the SGLT?2 inhibitor dapagliflozin acts as a pathogenetic upstream
therapy. Conclusions. In patients with STEMI combined with T2DM
and MS, hyperglycemia, insulin resistance and severe abnormalities
of morphological and functional parameters of the heart with its
systolic-diastolic dysfunction are observed at baseline, which are
triggers of the complicated course of this pathology, with the deve-
lopment of heart failure syndrome, rhythm and conduction disor-
ders. The comprehensive treatment with the inclusion of L-carnitine
and L-arginine against the background of using the SGLT?2 inhibitor
dapagliflozin as upstream therapy helps restore tissue sensitivity to
insulin, improve carbohydrate metabolism, central cardiovascular
hemodynamics that is accompanied by a significant reduction in the
frequency and severity of acute left ventricular failure and life-threa-
tening reperfusion arrhythmias.

Keywords: acute coronary syndrome; diabetes mellitus; metabolic
syndrome; insulin resistance; heart failure; arrhythmias and blocks;
L-carnitine/L-arginine; SGLT2 inhibitor dapagliflozin
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Mocniwinb KO.O., ®anioH P.I., Manvik O.P., beketora KO.l., Mwmk P.C., Aporwuik I.C.

/\bBIBCbKUW HALIOHAABHU MEANYHN YHIBEpCUTET iMeHi AQHUAQ [QAMLIKOrO, M. /AbBIB, YKpQIHQ

ILLeMiYyHUM iIHPAPKT rOAOBHOTO MO3KY
3 reMopdariyHoo TPAHCHOpPMALIEIO:
OCOOAUBOCTI 3MiH NepPUPOKAAbHOT TKOHUHU
30AEXXHO BiA IHTEPBAAY XBOpPOO6GU
TA POHOBOI i CYNYTHbOI NATOAOTrI|

Pe3tome. AkTyanbHicTb. [emoparidHe nepeTBOpeHHs AiNiHKM rofIOBHOIO MO3KY 3 HEKPO30M € MOLUMPEHUM
YCKNaHEeHHSM iLLeMIiHHOro iHgapKTy. Y nitepatypi € Hu3ka po306iKHOCTeN LLOAO KIlIHIYHOI Knacuagikauii Ta Kpu-
TepiiB Bidyanisayii Takoro iHgapkTy, Lo, 6e3repeyHo, yTPYAHIOE [iarHOCTUKY. Baxnneum MOMeHTOM y rnepediry
iLLemiqHoro iHghapKTy 3 remoparidHoto TpaHcgopmayieto (IwlHe 3 I'T) € cynyTHi Ta ¢hoHOBI po3nagn, 30kpema
rinepToHi4Ha xBopoba i LyKpoBui fiabeT, fKi BIMBarOTb Ha LiiCHICTb HEVPOCYANHHOI oanHWULI Vi reMaToeHLe-
anivHoro 6ap’epa. Meta: BUBHEHHSI 0COO/IMBOCTEN NAaTOMOPEOSIONYHUX 3MiH Y MepUOKasibHIvi 30HI TKaHUHN
rosI0BHOro MO3KY B pi3Hi iHTepBanu Big nodYatky IwlHe 3 I'T y navieHTiB 3 ¢poHOBOK Ta CyryTHLOK NaTosIoriet0.
Martepiann Ta meToaun. Bubpann 18 icTopivi xBopobu, onpautoBan KiiHidHi CUMATOMU, CyrnyTHI Ta ¢pOHOBI XBOPO-
6u, a TaKoX TPYrHWMV Marepiasn nayieHTiB Bikom 35—-82 poku 3 IwlHgh 3 I'T. Matepian gocnigxysanu 3rigHo 3 Kna-
cuebikauiero ctagivi iHgpapkty mo3ky (Mena H. et al.), Buginsitoum Tpu iHTepBanu: ¢pada 1 — rocTpi MNOLLUKOAXKEHHS
HevipoHiB (1-3-1i geHb), hasza 2 — rocTpa opraHizayis (4—7-vi geHb), gpasa 3 — XpoHi4Ha opraHidauis (> 7 gHIB).
[ns rictonoriyHoro JOCXeHHs BATyYUIn LUMATOYKN TKaHnHU MO3KYy (1,5 x 1,5 cM) y npunernivi 4o iHghapkty
30Hi. [penapatv BUroTOBJIANN 3a CTaH[APTHO METOAMKOIO, 3pi3n 3abapB/itoBasiv reMaToKCUITIHOM | €03MHOM.
CratuctuydHy 06pobKy pe3yrnbTaTiB BUKOHyBam 3a JOroMororo rnaketa Statistica for Windows 6.0 (StatSoft, USA).
Pesynbratu. [ig Yac gocnigxeHHs nauieHTiB 3 IulHeh 3 ['T 3’acyBanv HasiBHICTb 5K i30/1b60BAHOIO rOCTPOro MOLLKO-
[DKEHHS1 HeVIPOHIB, TaK i MoeaHaHHs1 060x vioro BapiaHTiB. OKpiM rocTpux 3MiH HEVPOHIB, y 3HAYHIV YacTuHI BUNaaKis
BUSIBIISIIN HEVIPOHU 3 XPOHIYHUMU 3MiHaMu, corpora amilacea Ta BorHvLa 3 BUNaaiHHAM HEAPOHIB (CTaTUCTUYHO
3HavyLya BiMIHHICTb 47151 QiNIAHOK i3 BUNaKiHHAM HEVIPOHIB MK MEPLLO | ApYrow hasamu 1a MK nepLuoko i
TpeTboto pazamm — p, , < 0,051 p, ;< 0,05), YO CBIAYNITO PO TAXKKMU CTYMiHb MOPYLLEHHS KPOBOMOCTa4YaHHs B
TKaHWHi ronoBHoOro Mo3ky. O3Haku no4aTky peakTMBHOIo acTporsiody i HeoaHrioreHe3y 6y BxXxe B repLuivi chasi
IwlHe 3 T, i Hagani Big3Ha4yanocs 36inbLUEHHS YaCTOTU Takux O3HaK y ApYyriv i TpeTivi ¢paszax xsopobu (p,_, < 0,05
i p,s < 0,05 gns actporniosy i p,_, < 0,05 ansa aHrioreHe3y). 3'sicyBanu, Lo B OTOHYIO4iVi TKAHVWHI BOrHULL iLLemii/
pernepgy3ii roroBHOro Mo3ky po3BUBasioCk PeaKTUBHE 3anasneHHs 3 HavbINbLLIOKO KiTIbKICTIO HEUTPOGINIB y NepLUiv
asi (p,_; < 0,05) i npucyTHICTIO NiMGboUMTIB | Makpodgbaris yrnpogosx ycix a3 IwlHg 3 'T. [oCTpe MOLLUKOAKEHHS
CyaMH MIKPOLMPKYIISTOPHOIO pycna y BUITIsAI TPaHCMypasibHOro (iopuHOigHOro HEKpo3y CTIHKM criocTepiranm
B OKpeMux Bunagkax, y 6isbLLIOCTI 3MiHV 6ynin y BUITIAAI CKI1eposy i rianiHo3y. BUCHOBKN. Ha LuBuvke neTasibHe
3aBepLueHHs IwlHe 3 I'T y nayieHTa BravBaso rnoeaHaHHs rinepToHIYHOI XBopobu i UykpoBoro giabety. Ocobin-
BOCTi MIKpOLMPKYITATOPHOIO pycnia BKka3yBsasin Ha CyrnyTHIO NaTosiorito y BUITISAI HEKPO3Y, apTepiockiieposy, apTe-
piosorianiHo3y. Y 6inbLuocTi BUnaakis y nepLui Tpu AHi XBopobU B NepughoKasibHIvi 30Hi crioctepirance HerpoHU
3 HEeKPO30M i 0HO4aCHO BifbyBamCcs NpoLecu 3aroeHHs.

Knroy4oBi cnoBa: iemidyHuii iHghapKT roioBHOr0 MO3KY; reMoparidHa TpaHcgopmaLlisi; LyKpoBUi JiabeT; YiuH-
HUKUW PUSUIKY; «4EPBOHI» HEVIPOHU; «TiHi» HEVPOHIB
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Bctyn

I'emopariuHa TpaHcdopMmallist TiSTHKU FOJJOBHOTO MO3-
Ky, sIKa 3a3Hajla HEKPO3y, € MOLIUPEHUM YCKIIATHEHHSIM
immemMiuyHoro iHgapkTy. JloBoJIi YacTO BOHA aCOIIIIOETHCS 3
[TOraHUM MTPOrHO30M Ut TatieHTa. Jluire 5—20 % nanieH-
TiB 3 illeMiYHUM iH(PApKTOM MpPU3HAYAIOTh BHYTPIIIHbO-
BEHHUI peKOMOiHAHTHMIA TKAHUHHUU aKTUBATOP IJIa3Mi-
HoreHy [1, 2]. ¥V miteparypi € Hu3Ka po30iKHOCTEH IIOIO0
KJIiHiYHOT KJacudikallii Ta KpuTepiiB Bidyasizallii Takoro
TUIly iH(papKTy, 1110, Oe3MePeyHO, YTPYIHIOE OiaTrHOCTUKY
[3, 4]. 3apa3 octaTouHO I1lle HE BUPIllIeHEe TUTAHHS 11010
€IMHOIO MEXaHi3My pO3BUTKY Ie€TeXialIbHUX KPOBOBUJIMBIB
Y 30HY HEKPO3y TKAHWMHU TOJIOBHOTO MO3KY i TapeHXiMaTo3-
HUX reMopariyHux iHdapkTiB. BBaxkaoTs, 1110 MeTexXiaabHi
reMoparivyHi iHpapkTu 1-ro Tumy i 2-ro THITy IOB’sI3aHi 3
TPUBAJIICTIO illIeMii Ta MalOTh IIO3UTUBHUIA TPOTHOCTUIHUMN
KpUTepill IIs1 Malli€HTiB, OCKUJIbKYA BKA3ylOTh HA PaHHIO
penepdy3iio B 1e mi€e3maTHY TKAaHUHY TOJIOBHOTO MO3KY,
TO/i SIK TTapeHXiMaTO3Hi reMopariyHi iHdapkTu 1-ro tuiy i
2-TO TUITy He MaIOTh YiTKOI KOPEJISLIii 3 TSLKKICTIO ITepeOiry.

BaxuuM MmoMeHTOM y niepebiry Imlud 3 I'T € cynmyTHi
Ta ()OHOBI XBOPOOM B MAalli€HTA, 110 BIUIMBAIOTH HAa IliJlic-
HIiCTb HEMPOCYAMHHOI ONMHMUIII I TeMaToeH1e(halTidyHOTO
0ap’epa. 3okpeMa, Lykposuii giadet (LL1) 30inbInye pu3uk
BUHUKHEHHS iH(papKTy roJIOBHOIO MO3KY Yy 2—6 pa3siB, a Jie-
TaJIbHOTO KiHIIsL — y 2,8 pa3a [5]. Takox 111 y moenHaHHi 3
aTepoCcKIIepo30M i/abo apTepiasbHOIO rinepTeHsi€to, rinep-
XOJIECTEPUHEMIEI0 MOXE OYTH CKIIaAOBOIO YACTUHOIO METa-
0OJIIYHOrO CMHIAPOMY i IPUUMHOIO MATOJIOTIYHUX 3MiH K
MaJIUX, TaK i BEJIMKUX apTepiii TOJIOBHOTO MO3KY, CIIPUSTH
BUHUKHEHHIO JJAKYHApHUX 200 MiBKYJIbHUX iH(DapKTiB [6].

€ nexiibka yMOB, SIKi CIIPUSIIOTh TeMOpariuHiii TpaHc-
dopmaliii imemivyHoro iHgapkTy: 1) TpaBMa i/ab0 peKOH-
CTPYKIIisl KPOBOHOCHUX CY[IMH, SIKi € CKJIaJOBOIO FeMaTOEeH-
HedanxiyHoro 6ap’epa i YaCTMHOIO HEMPOCYIMHHOI OMHULI
[7]; 2) akTuBalliss TKAHUHHOTO IUIA3MiHOTEHY, OIMH 3 Me-
XaHi3MiB SIKOTO — BiJTHOBJICHHSI KPOBOTOKY ILISIXOM (pi-
OpUHOJII3Y; 3) eKcIpecisa MaTpMKCHUX MeTaJonpoTeiHa3
MMII-9, MMII-2, MMII-3 yepe3 akTuBalito TKAHUHHUM
M1a3MiHOreHOM HekpoTusylouoro dakrtopa NF-«kB i Bu-
Xim ix y KpoB, 30KpeMma, rmpucytHictb MMII-9 y cupoBartiti
KPOBi B paHHiii 1iepiosi € HeraTUBHUM MPOTHOCTUYHUM KPU-
TepieM; 4) 30iIblIeHHS piBHS (PepUTUHY U iHTIOITOPIB aK-
TBaTopa ruiasMiHoreHy PAI-1 Ta TpoMGiH-aKTHBOBaHOTO
iHri6iTOpYy (hiOpHHOII3Y; 5) 30i/IbIIEHHS MIPOAYKTiB po3Hany
¢ibpuHOTeHy uepes 2 Toj Iiciist TPOMOOoi3uCy.

T'ocTpi 3MiHM HelpOHiB MpUTaMaHHi BCiM TUIIAM iH-
GdapKTiB, IIpOTe TSLKYMUIM ITepedir crmocTepira€ThbCs Mpu
Iilug 3 I'T [8]. Hekpo3 HeltpoHiB BimOyBa€eThCsI BHACTIIOK
MOPYIIEHHSI MeTaboJIi3My B MiTOXOHAPIsX, Ae3iHTerpaiii
pubocowm i cydcranuii Hicenst, i Taki eo3uHOMIIBbHI KITiTH-
HU Ha3MBaloTh yepBoHUMU [9, 10], ix MOXHa TOOGAYUTH 10
2—6 Mics11iB 3 MOMEHTY PO3BHUTKY TOCTPOTO MOPYIIECHHS
MO3KOBOT'O KpOBOOOITry mpu ctabisizoBaHOMY iH(apKTi.
BomHouac mpoTsirom aHaJIOriYHOTO Iepiony € HeiipoHU 6e3
S7Ep i siepellb, i3 BaKy0J1i30BaHO0, 301JIbIIEHO0 B PO3Mi-
pax 6:1imo 3a0apBIIeHOIO LIMTOILIA3MOIO — «TiHi» HEHPOHIB,
SIKi XapaKTepu3yIOTh Iporpecytounii nepeoir iHdapkry. Ha-
MPUKiHII XBOPOOU HEMPOHU PO3MagaloThcsl Ha 0e3CTPyK-
TYPHi yJIlaMKU, TTPOJYKTH iX pO3Many po3TalloBYIOTbCS -

¢y3HO B HEHPOITiJIi i1 Hamajli MOTJIMHAIOTHCS MaKpodaramu,
110 TPaHC(HOPMYIOThCSI B «ITIHUCTI» Makpodaru i eaimi-
HYIOTh IPOAYKTH po3mnany [11—13].

[Mornu6neHe MopdosioriuHe ToCiIKeHHS TIeprhOKab-
HOI TKAaHMHU FOJIOBHOT'O MO3KY Ha TJIi (DOHOBOI Ta CYITyTHHO1
TaTOoJIOTii JACTh MOXJIMBICTb OLIBIIT YiTKO CIIPOTHO3YBAaTU
nepeoir, nepeadaynTy i BMEHIIUTU PU3UK reMopariyHoi
TpaHcdopMalliii ileMiuyHoro indapkry [8, 9, 13, 14].

MeTa: BUBYCHHSI 0COOJUBOCTE MaTOMOPPOJOTIiYHUX
3MiH nepruoKaIbHOI 30HM TKAHUHU T'OJIOBHOTO MO3KY B
pi3Hi iHTepBanu Big mouatky lmlud 3 I'T y nauieHTiB 3
¢ OHOBOIO Ta CYITyTHBOIO TATOJIOTIEIO.

Marepiaau Ta metoamn

Ha 6a3i JIbBiBCcbKOTO 0671aCHOTO MATOJIOTOaHATOMIUHO-
ro 010po MpoaHaIi3yBaJIM MaTepiajii aBTOIICii 18 maiieHTiB
BikoMm Binm 35 mo 82 pokiB, y akux miarHocTyBanu lmlug 3
I'T, a Takox cynyTHi Ta oHOBiI XxBopoOu. OnpaliroBain
icTopii XBOpOOU MALIEHTIB 00 KIiHIYHUX CUMIITOMIB, Tie-
pe6iry Imludg 3 I'T, pesynbrartiB KoM 10TepHOi ToMorpadii
TOJIOBHOTO MO3KY, CYITYTHIX i (DOHOBUX XBOPOO (TallieHTH
JIIKyBaJIUCh y mpodinbHMX cTauioHapax JIbBiBIIMHA — 00-
JlJacHa KJIiHIYHa JIiKapHsI, MiCbKa KOMYHaJIbHa JlikapHst No 5,
JIiKapHsI IIBUIKOI MEAUYHOI TOIIOMOTH).

st MiKpOCKOTIOBOTO AOCHIIKEHHSI B KOXXHOMY aB-
TONCIHOMY BUTNIAIKy BUJIyYaiu TKAHUHY FOJJOBHOTO MO3KY
HaBKOJIO BOTHUIIIA illIeMiYHOT0 iH(papKTy, IIMAaTOYKH CITO-
qatky ¢ikcyBanmu B 10% po3uuHi HelTpabHOTO (hopmarti-
HY, 3T0JIOM 32 CTaHIapPTHOIO METOAMKOIO 3HEBOIHIOBAIN B
crnupTax 3i 301JIbIIIEHHSIM 1X KOHIIEHTpalii. 3pi3u TKAaHUHU
3 napad)iHoBUX OJIOKiB 3a0apBiIloBaid reMaTOKCUIiHOM
i eosuHOM. [icTosioriuHiI TIpenapaTu BUBYAJIU Ha CBITJIO-
ONTUYHOMY Mikpockori Zeizz Primo Star (HimeuuuHa),
MikpodoTtorpadii podunu Ha mikpockori Leica DM 750/4
(HimeuunHa) i3 uudposoio kamepoto Leica DFC 420 (Hi-
MeJY4HrHa) i IporpaMHUM 3abe3neueHHsIM Leica Application
Suit Version 3.8. CtatuctTnaHy 00po0OKy HM(PPOBHUX ITOKA3-
HUKiB TOCTIIKYBaHMX O3HAK BUKOHYBaJIM 32 TOIIOMOTIOIO0
JIBOCTOPOHHBOTO Kputepiro Mimrepa; skio p < 0,05, BBa-
JKaJld pe3yabTaT MiX IMOPiBHIOBAHUMM I'pyIaMu BipOTiTHUM.

Martepiaj, BUJIy9eHUI T 9ac PO3TUHY, 3rPYITyBaInd
3aJIEXKHO BiJl iHTepBaly XBOPOOHU Ta 3TiIHO 3 Kiacudikallicro
nepebiry iHdapkTy Mo3ky 3a H. Mena et al. [15]: mepia
(aza — rocTpe NOIIKOMKEHHS] HEMPOHIB y Meplii TpU THi
Bil moyaTky XxBopobu, Apyra ¢aza — rocTpa opraHizallis
TPUBAJIICTIO 3 YETBEPTOTO 10 ChOMOTO THSI XBOPOOU BKITIOU-
HO i TpeTs a3za — XpoHiuHa opraHizallis TPUBAJIICTIO 3
BOCBMOTO JHS Bil TOYaTKY XBOPOOU.

[1ix yac mociimKeHHsI aBTOIICiHHOTO MaTepiaay J0TpU-
MYBaJIMCh YCiX MOPaJIbHO-eTUYHUX HOPM i IpodeciiiHux
BUMOT 3TigHo 3 npuHIunamu Kousenuii Pagu €sponu mpo
IpaBa JIIUHU i 6ioMenuiMHy, ['eabciHChbKOI neKiapaliii
MpaB JIIOJMHYU, a TAKOX BiMOBIAHO 10 3aKOHIB YKpaiHU.
PoGora cxBajeHa KOMici€lo 3 TUTaHb 6iOETUKU (BUTST 3
npoTtokoiry Ne 2 Bin 26 motoro 2018 p.).

PesyAbTaTH

V 18 mocmimKeHNX CeKUiMHUX BUMNAIKax reHAepHUIA
posnoais 6yB TakuM: 12 (66,66 %) cTaHOBUJIU YOJIO-
Biku i 6 (33,33 %) — XiHKM; cepenHill BiK YOJIOBIKiB —
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66,41 £ 12,45 poky, cepenHiii Bik x)iHOK — 79,0 £ 7,6 poky.
KinpKicTh nmali€eHTiB, sIKi TOMepJU B MePLIi TPU THi 3 MO-
MEHTY XBOpoOu, craHoBua 7 xBopux (38,88 %), 3 uerBep-
TOTO TI0 ChOMUI IeHb — 5 manienTis (27,77 %), i3 BocbMOTO
nHsI i Hagami — 6 mauieHTis (33,33 %).

VY roctpy dasy Imlugd 3 I'T momepaa 1 xxinka (14,28 %),
y Ipyry a3y KiabKiCThb MOMEpPIUX KiHOK CTaHOBUJA 2
(40 %), y tpetio pazy — 3 (50 %). KinbKicTh 4OJIOBIKiB,
SIKi TIOMEpJIX MPOTSITOM TPhOX MHIB Bia movaTky lmlHd
3I'T, cranoBmia 6 (85,72 %), 3 4eTBEPTOrO 0 CHOMOTO THS
BKJTI0UHO — 3 (60 %) i 3 BocbMoro nHst — 3 (50 %).

V 1ab6n. 1 BinobpaxkeHo y3araJbHEeHHS pe3yJbTaTiB 10-
CJIIIDKEHHSI CTOCOBHO J1iarHOCTOBAHUX Y TMAaIliEHTIB (hOHO-
BUX (rineproHiyHa xBopoba (I'X), imemiuHa xBopoba ceplist

(IXC), LI, aTepockiepo3 CyouH TOJIOBHOTIO MO3KY) i Cy-
MyTHIiX XBOpOO (eceHlliabHa TPOMOOILIUTEMisl, XPOHIUHUI
rernaTuT, MiKpOHOIYJISIPHUI LMPO3 MeYiHKM, OXUPIiHHS,
niabeTnyHa HedpomnarTis, Gae60TpoMO03 CyANH HUXHIX
KiHIIIBOK), a TAKOX HeBposoriynux o3Hak Iurlug 3 I'T.

3 ycix hoHOBUX XBOPOO, 1110 Oy/IM 3a3HAUCHI B iCTOPIisIX
XBOpOO MalieHTiB, sKi momepaun BHacHinok lmlug 3 I'T,
TIPOTATOM TphoX (pa3 Haituacrime Bim3Hagammcs 1IXC, I'X,
nemo MeHine — LIJI, iHoai — iHdapkT Miokapaa. 3MiHu B
CyJIMHAX TOJIOBHOTO MO3KY Y BUIJISI/Ii aTE€POCKJIIEPO3Y B Iep-
it ¢pasi [lug 3 I'T coctepiramuck y 100 %, y HACTYITHUX
nBox — y 60183,3 %. Iepiua dasa lulud 3 I'T B nauieHTis
3 IXC (83,3 %) iIX (71,4 %), L ta indapkToM MioKapaa
(1o 28,5 %) cynpoBomKyBajach KJIiHIYHOK CHMIITOMATH-

Tabnuys 1. Xapaktepuctuka KniHiYHUX AaHNX NauyieHTiB 3 iLuemMiYyHUM iHghapKTOM rosioBHOro MOo3Ky
3 remopari4Horo TpaHcgopmadiero

O3Haka Mepwa caza (n = 7) Opyra casa (n = 5) Tpetsa casza (n = 6)
Aéc. % Aéc. % Aéc. %
Cratb (4/X) 6/1 — 3/2 - 3/3 -
X 5 71,4 3 60 4 66,7
ATepocknepos CyAnH rofloBHONO0 MO3KY 7 100 3 60 5 83,3
IHhapKT Miokapga 2 28,5 - - 2 33,3
IXC 6 83,3 3 60 3 33,3
un 2 28,5 2 40 3 33,3
CynyTHi xBOpO6M 5 71,4 4 80 4 66,7
KniniqyHi nposiBu
Mo3koBa koma 3 42,8 3 60 2 33,3
TeTpanapes 0 0 0 0 0 0
leminapes 7 100 3 60 4 66,7
emiaHoncii 2 28,5 0 0 0 0
Adpasis 1 14,2 1 20 2 33,3
Mo3soukoBa aTakcis 0 0 0 0 0 0

Tabnuys 2. Oco6MBOCTi MOPEYOIOriYHUX 3MiH Y NEPUGPOKaIbHIN 30HI iLLeMi4HOro iHghapKTy rooBHOro MO3Ky
3 remopari4Horo TpaHcghopmauiero B pi3Hi iHTepBann xBopobu

OsHaka Mepwa casza (n = 7) | Apyra c¢pasa (n = 5) | Tpeta ¢asa (n = 6) 5
A6c. % Aé6c. % Aéc. %

«YHepBOHi» HENPOHM 7 100 4 80 5 83,3 -
«TiHi» HENPOHIB 6 85,71 4 80 6 100 -
[NoegHaHHSA rocTPUX 3MiH HEMPOHIB 6 85,71 3 60 5 83,3 -
HelpoHn 3 XpOHiIYHUMKW 3MiHaMK 5 83,33 5 100 6 100 p,s< 0,05
BorHuwa sunagiHb 2 28,57 5 100 6 100 &j: 882
Corpora amilacea 6 85,71 4 80 5 83,3 -
HertpodinbHun iHginsTpat 7 100 3 60 2 33,33 p,s< 0,05
Jlimho-makpocparansHUi iHginsTpaTt 6 85,71 5 100 5 83,33 -
AHrioreHes 1 16,6 3 60 6 100 p,s< 0,05
Mioa 5 83,33 3 60 6 100 | Pres 8;82
CKnepos cyauHu 1 14,29 2 40 2 33,33 -
[aniHo3 cyanHu 6 85,71 3 60 4 66,67 -
Hekpos cyauHm 1 16,6 0 0 1 16,66 -
gz%i?(?)ﬁgzsﬁmwomy NpOCTOPi 7 100 5 100 6 100 P15 < 0,05
lemocngepuH 1 14,29 3 60 5 83,33 p,; < 0,05

TMpumitka: p,_, — pPi3HULSI MiXK MOKa3HUKamu rnepLuoi i gpyroi ¢pas; p,_, — Pi3HULST MiXK MOKa3HUKaMu nepLuoi i Tpe-
TbOi pa3. BigMiHHOCTi MiX noKasHuKamu BU3Ha4asn 3a ABOCTOPOHHIM Kputepiem Diepa (BiporigHoro BBaxanun

pisHuyro npu p < 0,05).
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PucyHok 1. IuemivyHuii iHgbapKT rosioBHOro MOo3Ky 3 remopariyHoto TpaHcghopmayiero. lepughokanbHa
TKaHWHa roJIoBHOro Mo3Ky: A) «TiHi» Ta «4epBOHI» HeupOoHu, Mikpornisi (gpyra ¢pa3a); B) «4epBOHi» HENPOHMU,
remicToynTapHi acTpounTH, MiKporisi, TOHKOCTIHHI Kaninspu. 3abapsreHHs1 reMaToOKCU/IIHOM Ta e03uHOM, % 400

koto reminapesy (100 % BuIaaKiB), a TAKOX MO3KOBOI KOMU
(42,8 %) i remianorciii (28,5 %). Hamaui, y npyriii i TpeTiit
dazax lmlug 3 I'T, cnocTepiragoch 3MeHIIIEHHS KiIbKOCTi
donoBux xBopoO, Takux K I'X (60 i 66,7 % BianoBigHO) Ta
IXC (60 i 33,3 % BinmoBimHO), IPOTE BiI3HAYAIOCH 30i1b-
meHHst yactotn LI (40 i 33 % BinmoBimHO) MOPiBHSIHO 3
nepiuoto dazoro. KiliHiuHi MposiBU XapakTepusyBaiach OJi-
HaKOBOIO 9aCTKOI0 MO3KOBOI KOMHU i TeMimapesy (1o 60 %)
y Apyriii i TpeTiit pazax getanbHux lmlug 3 I'T.

YHacigoK rocTporo rmopyueHHs: KpoBOOOiry, pO3BUTKY
immemii/pernepdysii Ta KPOBOBWIMBIB y 30HY HEKPO3Y B Tie-
pudOKaIbHIil TKAHWHI TOJIOBHOTO MO3KY CITOCTEPIirajuch
MIpPOLIECH MOIIKOMKEHHS, iHPIMbTpamii KIIiTHHAMK 3ama-
JIEHHSI Ta pernapatlii, siKi Bin0oyBajiucst oqHo4YacHo (Tabur. 2).

IIpu Imlug 3 I'T HelipoHu 3a3HaBaNN SIK KOATyJISIIIAHO-
ro, Tax i KojikBaliiiHoro Hekpo3y. IIpoTtsarom ycix a3 mo-
CJIIIDKeHHSI He CIIOCTepiraay IMHAMIKM SIK i30J1b0BaHUX, TaK
i MOEAHAHWX TOCTPUX 3MiH («IEpPBOHUX» i «TiHEH») HEHPOHIB
(Tabun. 2), ajie B ycix JOCTIIKYBaHMX (pa3zax repeBaxano mo-
€IHAHHS «9epPBOHUX» HEHPOHIB i «TiHel» HelpoHiB (puc. 1).

OnHoYacHO 3 HellpoHaMHU, 1110 3a3HaJIM TOCTPUX 3MiH,
MiKPOCKOIIOBO CIIOCTEPIiraJii HeMPOHU 3 XPOHIYHUMU 3Mi-
HaMU — i3 3MOPILEHUM SIPOM, 3MEHIIIEHUMHU po3MipamMu Ta
rpaHyaamu JinogycuuHny. Taki 3MiHU OyJiu B mepiiriii ¢asi
Imlud 3 I'T y mepeBaxHiit 6inbiocTi Bunankis (83,33 %).
YV HacTymHMX YacoBUX MPOMiXKax y nepu@oKaabHiil 30Hi
rojsoBHoro Mo3Ky npu Imlg 3 I'T gyacTtora HelipoHiB i3
XPOHIYHMMM 3MiHaMM TiJIbKM 301JblLIyBajIacsd i CTaHOBUJIA
100 %.

VY nepuuiit dasi npu lulxg 3 I'T Mo3Ky BorHuiia 3 Bu-
NaaiHHSIM HEUPOHIB CIIOCTEPIiraJuch MEHIIE HiXX y TPETUHI
nochimkeHs (28,57 %), mpote y Opyriit i TpeTiii (hazax Kib-
KiCTb BUMAJAKIB i3 BTpaTO0 HEMPOHIB Ta OTOJEHHSIM Hel-
portio 36inbiryBaiack 10 100 %, 3 icTOTHOIO BiIMiHHICTIO
(p < 0,05) Bim mokaszHuka nepiioi (asu lulug 3 I'T.

Corpora amylacea, SIK i HEPOHU 3 XPOHIYHUMM 3MiHaA-
MU B niepu@OKaIbHill 30Hi TOJIOBHOrO MO3Ky ripu lmlHd 3
I'T, cnocTepiranu B mepeBakHilt OLIBIIOCTI BUMAAKIB B yCiX
TPbOX JOCiIXKYyBaHUX (ha3zax XBopoou (puc. 2).

PeakTtuBHe 3amaneHHS B nepu(OKaIbHI TKaHUHI
TOJIOBHOTO MO3KY 3 HasiBHICTIO HEHTpO(DiiB BUSIBIISLIN 3
Mepiux AHiB xBopoou. Li kaiTuHM Oyau MPUCYTHI B yCix
Burankax y nepuiit ¢dasi lmludg 3 I'T. Y npyriii i Tperiit
¢azax KiJIbKiCTb HEUTPOMiJiB MOCTYIIOBO 3MEHIITYBaJIach 3
icToTHOIO BinMiHHicTIO (p,_;< 0,05) Bix noka3zHuka nepuoi
dazu (tabxn. 1). HatomicTe nimdounTu it Makpodaru 6e3
ICTOTHOI TMHAMiK1 CcrIoCTepiraau B rmeprudoKaabHill 30Hi
roJIOBHOTO MO3KY B yci niepionu Imlug 3 I'T.

AcTpouuTH, SIK CKJIagoBa CTPYKTYpHO-(PYHKIIiOHAIb-
HOI OIMHMIII TKAHUHU TOJIOBHOTO MO3KY, TEX 3a3HaBajv
3MiH, IePETBOPIOIOYUCH Y reMicToluTu. TpaHchopMoBaHi
aCTPOLIUTHU OYJIM MPHUCYTHI B HaurocTpimriit ¢asi Imlud
3 I'T y He3HauHil yacTuHi Bumankis (16,67 %), nporte y
IPYTili i TpeTiil ¢pazax XBOPOOM KiJIbKiCTh TAaKMX BUMAI-
KiB 30iibIyBaiack. ['emicTonnT Oyyiv B yCiX BUITagKax y
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PucyHok 2. IwemiyHnii iHghapKT rosioBHOro Mo3Ky
3 remoparidyHoro TpaHcgpopmadiero. lNepughokanbHa
TKaHWHa roJI0oBHOro MO3Ky: 3Ha4Ha KifbKicTb corpora
amilacea Ta mikpornii. 3abapBrieHHs1 reMaTOKCUITIHOM
Ta eo3nHoM, * 400
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rocTpii (mpyriit) i xpoHiuHii (Tpetiit) ¢azax Imlud 3 I'T
(puc. 3), 3 BiporinHo0 pi3HUIIECIO MOKA3HUKIB MOPiBHSHO 3
Hairoctpiuoto (nepiuoi) ¢azomw (p, , < 0,05; p, ;< 0,05).

OKpiM reMicToIuTIB, Y epr@oKaabHiil 30Hi TOJIOBHOTO
Mo3Ky nipu Imlug 3 I'T onHovyacHO Bin3Havaiau IiajdbHi
pyo11i 3a aHizoMOp(pHUM TUIIOM. TaKy 0COOJMUBICTh CITO-
CTepirajv B yCiX 4aCOBUX MPOMIXKKaX Yy OiIbIIOCTI aBTOMCIii
y mepiiii i apyriit pazax xBopobu — 83,3 i 60 % BumanKinB
BinmoBigHO, a y TpeTiit ¢da3i (XpoHiyHa opraHizailisg) — y
100 % Bumankis.

Penapanist 3 dopMyBaHHSIM HOBOCTBOPEHMX CYIUH
Yy NOTUYHIi/A TKAaHWHi TOJIOBHOTO MO3KY B HAaMTOCTpillliit
(nepiit) dasi xBOpoOU po3roynHaIach TUIBKU B OJHO-
My Bunaaky (16,67 %). Ilisuime, y npyriit dasi lmlad 3
I'T, npomidepaiiito KaImiisipiB cIrocTepiraay B OiTbIIe HixK
MOJIOBUHI BUNAJIKIiB, a B TALIIEHTIB, SIKi TTOMEpJIu B Mepiof
minrocTpoi opranizaiii (Tpertiii (a3si), KaminspHa ciTka Oyna
Bxe B 100 % Bumazakis. ITpy mopiBHSAHHI YacTOTH 1€l 03Ha-

PucyHok 3. IluemiyHnii iHgbapKT rosioBHOro Mo3Ky
3 remopariyHoto TpaHcghopmadiero. [NepughokanbHa
TKaHWHa ros1oBHOro MO3KYy: YACJIEHHI reMicToynTapHi
acTpouuTu, MiKpornisi, HabPsIKJINK Herponinb
(Tpets ¢pasa). 3abapBreHHs reMaToKCUIiHOM
Ta €eo3nHom, x 400
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PucyHok 4. IwemiyHnii iHghapKT rosioBHOro Mo3Ky
3 remoparidyHoto TpaHcehopmadiero. [NepughokanbHa
TKaHWHa ros1IoBHOro Mo3Ky: ApIi6Hi rnianbHi pyéyi 3a
aHi3oOMOPPHUM TUIMOM, LiNISIHKU 3 KPOBOBUJIUBaAMU.

3abapsrneHHs1 remaToKcusniHom Ta eo3nHom, x 100

KM MiX (dazaMu 3’sICyBaJIM iCTOTHY Pi3HULIIO MiX TIEPIIIOI0
Ta TpeTholo hazoro xBopodu (p, ;< 0,05) (puc. 4).

Ilin yac mocmimkeHHs MiKpOLIMPKYJISITOPHOrO pyciia B
nepudokKanbHiit 30Hi TooBHOTO MO3Ky Tipu lmilug 3 I'T
y nepiiii pa3i BU3HAUYWIM iCTOTHY IlepeBary riajiHo3y ap-
tepion (85,71 %) nan ckneposom (14,29 %) i HeKpo3om
(16,6 %) crinok cymuH (Tabu. 1). Y HacTymHux (Ipyromy
i TpeTboMy) yacoBux Ipomixkax Imlug 3 I'T KinbKicTb
BUTMAIKIB 3 SIBUIIIAMU apTepiooTialiHO3y 3MEHIITyBajlach
(601 66,67 % BiAMOBIIHO), 8 YACTOTA BUMAKIB 3i CKJIEPO30M
HeicToTHO 36imbIryBanach (40 i 33,33 % BinnosinHo). He-
KPO3 CTiHOK CYIMH MiKPOILIMPKYJISITOPHOTO pycia B ApYTiit
(aszi xBopoOu He criocTepiraiu, y TpeTiii ¢ha3i — TiIbKU B
ogHoMmy Bunanky (16,66 %).

B ycix Bunankax yrmponosx Tprox (a3 lmlug 3 I'T oynm
Ppi3HOro 00CSTY KPOBOBWJIMBY B HABKOJOCYIMHHUX ITPOCTO-
pax, 1110 BimoOpakae 3MiCT TepMiHY «iH(DapKT».

YacToTa BUMAIKIB 3 TeMOCUAEPUHOM, SIKWI € IIe Of-
Hi€1o MOP(}OIOTIUHOI 03HAKOIO B Mepu(OKaIbHiil 30Hi
Tulud 3 I'T, icToTHO 3pocTana Bin nepiioi 10 TpeThoi (hazu
mepe6iry xsopoou (14,291 83,33 %, p, , < 0,05).

O6roeopeHHs

KpoBoBUIMB y TKAHWHY MO3KY, sIKa TTOYaTKOBO 3a3Hajia
ilIeMiYHOTO TOUIKOIXKEHHSI, PO3BUBAETHCS MPU BiTHOB-
JIEeHHI MO3KOBOTO KPOBOTOKY B MOIIKOMKEHUX CYIUHAX,
Migi#oMi CUCTOJIIYHOTO TUCKY, 1iepedpaibHiil eMOoJIil, aHTU-
TPOMOOJIITUYHII Tepaltii, rinepriiikeMii, MiABUILIEHHI TeM-
mepaTypu Tijia. Y Iepili IIicTh TOOMH TeMoparidHa TpaHC-
(opmaltist TparuIsIETHCS JTOBOJII PiIKO, @ HACTYITHI YOTUPU
0OV BBAXKAIOTHCSI KpUTUYHUM TIEPIONIOM, YITIPOIOBXK SIKOTO
MOXe BifIOyTHCSI TeMOpariyHe MpocoYeHHsI HEKPOTU30BaHOT
TKaHWHU FOJIOBHOTO MO3KY [16, 17].

3rigHo 3 ®peMiHTeMCbKUM TOCTIIKEHHSIM, PU3UK
cMepTi Bin iHCynbTy Y XBopux Ha LIJ1 y 2,8 pa3a Ginbiuuit,
HiX B oci6 0e3 LI/, i ma xkomop0bigHicTs y 3,8 pa3a yacriiie
crae npuurHo [mlHd nopiBHsIHO 3 ocobamu 6e3 LI [18].

PesynbTaTti K1iHiYHO-padioaOriyHUX AOCTIIKEHb Mil-
TBEPJIKYIOTb, 1110 MOTipIIEHHS] HEBPOJIOTIYHOTO CTaHy Talli-
€HTAa aCOLIIIOETHCS 3 TeMOPAriyHOI TpaHC(OpMalli€lo B 30Hi
iH(apKTy MO3KOBOI TKaHMHU. TaKoX TSKKICTh ITepediry
XBOPOOU KOPEJIIOE 3 BUPAXKEHICTIO KPOBOBUJIMBY.

3a gaHUMU JIiTepaTypH, y Malli€EHTIB, y SKUX AiarHOCTO-
BaHO IeTeXiaabHi KPOBOBUJIMBHU 1-T0 a00 2-TO THITY, HE OYJIO
3HAYHOTO MOTIPIIEHHS KIiHIYHUX CUMIITOMIB, 1110 BKa3yBa-
JIO Ha paHHIO penepdysito Ta KolarepaibHU KpOBOOOIr y
nenymopi [19—21]. Lle Moxe BBaKaTUCh MO3UBHUM KpUTe-
pieM, 60 ga€ 3MOTy 3MEHILINTY BOTHUIIE HEKPO3Y i 30epertu
nie3naTHICTh epruGOKaTbHOI 30HU TKAHUHU TOJIOBHOTO
Mo3Ky. Ilpu Imlug 3 I'T 3 mapeHxiMaTo3HUMU KPOBOBH-
JMBaMM 1-To i 2-TO TUMY 3a pe3yJibTaTaMU KOMIT IOTEPHOI
Ta MarHiTHO-pe30HaHCHOI ToMorpadii B epIiIoMy BapiaHTi
MOXe Bi3yasizyBaTUCh HEBEJUKUI iHDApKT 3 MACUBHUM
KPOBOBWIMBOM, Y IPYrOMy — BeJMKa 30Ha iH(MapKTy 3i
3HAYHOIO IIONILIO TeMOParidHOro IMpocodeHH [22—27].

Y namomy pocnimxkenHi Iniluo 3 I'T mopdodoridyHo Bu-
SIBJISIIIN SIK 130JTbOBAHE TOCTPE MOIIKOMKEHHST HEMPOHIB, a
TaKOX SIK TIOETHAHHS 000X Hioro BapiaHTiB. OKpiM TocTpux
3MiH HEHPOHIB ITijl BIUVIMBOM MaTPUKCHUX METaJIONpPOTeiHa3
MMII-9, MMII-2, MMII-3, HekpoTusytouoro akropa

46 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 21, N2 1, 2025



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

NF-kB, ¢pidpoHekTHHY i BUX0Mdy iX Y KpoB, Y HElipoHaX, 110
HE 3arMHYJIM, 0yJI0 BUSIBIEHO JIiMOoMyCUMH Yy TOEAHAHHI i3
3MiHOIO iX HUTOAPXITEKTOHIKMU.

Ha ninBuieHuii MeTaboJ1i3M 3 eTiMiHalli€0 TPOITYKTIB
po3naay HepBOBOi TKAHMHU BHACJIiIOK TOCTPOi CYAUHHOI
TpaBMU BKa3yBaJia IIPUCYTHICTh corpora amylacea B maiixke
BCiX BUITaJKaX YIPOIOBX Tpbox (pa3. Y BiAIMoBiab Ha IO-
LIKOMXEHHS, /1it0 (epuTUHY, TKAHUHHOTO TIJIa3MiHOTEHY
PAI-1 i TpoMGiH-aKTMBOBAHOTO iHTiOITOPY (hiOpUHOTIZY
(TAFI) [28—34] po3BuBaioCh peaKTUBHE 3amajeHHsI: Heli-
Tpodinu nepesaxanu B 1-it ¢asi (p,_; < 0,05), nimbountu
1 Makpodaru 0yau MpUCyTHiI BOPOIoBX ycix (a3 Imlug 3
I'T. ITpoiiecu 3ar0€HHS 3 TTOSIBOIO T€MiCTOIUTIB, HOBOCTBO-
PEeHUX KaMisIpiB, I1i03y, He3BaXaloun Ha TSKKiCTh XBOPO-
01, IPUCKOPIOBAIMCS B KOXHIil HacTymHii da3zi lmlud 3
I'T. Taxki pe3yabTaTy BKa3yBajiu Ha aKTUBHI KOMIIEHCATOP-
HO-TIPUCTOCYBaJIbHi MOXJIMBOCTI ITepr(OKaIbHOI TKAHUHU
TOJIOBHOTO MO3KY i «IIparHeHHs» SKHANIIBU/ILIE BilTHOBUTH
(bYHKIIiIO TTOIIKOMKEHOT AUTSTHKU.

BucHoBKM

Ha neranpaunii Kineus y nepury ¢asy lmlag 3 I'T xBo-
po6u BrutuBatoTh IXC, I'X i LI, siki K1iHiYHO MalOTh Tie-
pedir y BUTJIsIAi MO3KOBOI KOMU, reMimnapesy, 1110 Mop¢o-
JIOTIYHO TiATBEPIXKYETHCSI HEKPO30M i TiaJliHO30M CY/IUH,
MO€eTHAHHSIM 000X BUAiB HEKPO3y HEMPOHiB Ta iH(iIbTpa-
i€l HelTpodilaMu B reMoparidyHo TpaHcGopMOBaHili
30Hi HEKPO3y.

OKpiM TOCTPOTO MOIIKOIKEHHSI, ACENITUYHOTO 3araieH-
HS i perapallii B iepudoKaibHiil TKAHWHI TOJIOBHOTO MO3KY
npu Imlag 3 I'T omHOYacHO poO3BUBAIOTHCS Ta MPOTPeECy-
I0Th JIeTeHepaTUBHI 3MiHU HeilpoHiB. [1pouecu 3aroeHHs,
He3Baxarouu Ha TsoKKicTb Imlug 3 I'T, po3noyrnHaoThCs
TaKOX IIIe Ha IIOYaTKy XBOPOOM, Y IepIiii ¢asi.

[licnsiHcynbTHa nepedynoBa HEPBOBOI TKAHWHU, Bill-
HOBJIEHHSI HEMPOCYIMHHOI ONMHULII 3aJIEXKUTh Mepll 3a Bce
BiZl 3MiH Ha PiBHi MiKpOLIMPKYJSITOPHOTO pycia, IO
reMOpariYHoro MpoCcoYeHHs MeHyMOpH, BUKMBAHHSI Heli-
POHIB, peakllii aCTpOILUTIB, 1110 KJIiHIYHO MaHi(ecTye Bupa-
JKEHICTIO HEBPOJIOTIUHOTIO NeilluTy.

KonduikT inTepeciB. ABTOpU 3asIBJISIIOTH PO BiZICYTHICTh
KOHMJIIKTY iHTepeciB i B1acHOI (piHaHCOBOI 3alliKaBIeHOCTI
TIiJT 9ac IMiaroToBKu cTaTTi. [oHOpap He 3ameKiiapoBaHo.

Indopmanis npo dinancysanns. 2KonHa ¢iHaHcyoua op-
raHizatist He Opajia yJacTi B HaliMCaHHi CTaTTi UM MPUNHSTTI
PpillleHHsI CTOCOBHO ii ImyOutikaltii. JlocimkeHHs € YaCTUHOIO
HAyKOBO-IOCIiIHOI po00TH Kadeapy maToJIOTiYHOI aHaTO-
Mii Ta cynoBoi MeaMUMHU JIbBIBCHKOI'O HalliOHAJILHOTO M€-
IUYHOTO YHiBepcuTeTy iMeHi Jlanuna ['anuibKoro Ha Temy
«BrBUEHHS MAaTOreHEeTUYHMX MEXaHi3MiB Ta MaToMopdoJI0-
TiYHMX OCOOJIMBOCTEM 3aXBOPIOBaHb EHIOKPUHHOI, Ceplie-
BO-CYAMHHOI, IMXaJIbHOI, HEPBOBOI, TPAaBHOI, CEYOBU/IL/Ib-
HOI Ta pepOAYKTUBHOI CUCTEM 3 METOIO YIOCKOHAJIEHHS 1X
MOPGOJIOTIYHOI 1iarHOCTUKI» (HOMEp IepKaBHOI peecTpa-
wii 01230201668, TepMin BukoHaHHs 2023—2027 pokn).

Buecok asropis. [Tocniurinp F0.0., @anion P.I. — koH-
LIeTILIist pOOOTH, CTAaTUCTUYHA 0OpPOOKA Ta pearyBaHHsI CTaT-
1i; Manuk O.P., bekerosa 10 1., [Tk P.C., Iponux I.C. —
aHaJIi3 JIiTepaTypy, HaImMcaHHsI, o(pOPMJIEHHS CTATTi.
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Ischemic cerebral infarction with hemorrhagic transformation:
peculiarities of perifocal tissue changes depending on the disease phase
and background and concomitant pathology

Abstract. Background. Hemorrhagic transformation of brain tis-
sue with necrosis is a common complication of ischemic stroke.
There are numerous discrepancies in the literature regarding the
clinical classification and imaging criteria of such strokes, which
undoubtedly complicates the diagnosis. A crucial aspect in the
progression of ischemic stroke with hemorrhagic transformation
(IS with HT) is the presence of comorbidities and background
diseases such as hypertension and diabetes mellitus that affect the
integrity of the neurovascular unit and the blood-brain barrier. The
purpose was to study the features of pathomorphological changes
in the perifocal zone of brain tissue at different phases after the
onset of IS with HT in patients with background and comorbid
conditions. Materials and methods. The medical histories, clinical
data, comorbidities and background diseases, and autopsy material
of 18 patients aged 35—82 years with IS with HT were analyzed.
The material was grouped according to the classification of stages
of cerebral infarction (Mena H. et al.) into three phases: 1 — acute
neuronal injury (1—3 days); 2 — acute organization (4—7 days);
3 — chronic organization (> 7 days). For histological examination,
brain tissue samples (1.5 X 1.5 cm) adjacent to the infarction zone
were taken. They were prepared using standard methods, and the
sections were stained with hematoxylin and eosin. Statistical ana-
lysis of the results was performed using Statistica for Windows 6.0
software (StatSoft, USA). Results. The study of patients with IS
with HT revealed the presence of both isolated and combined
acute neuronal damage. In addition to acute neuronal changes,

a significant number of cases showed neurons with chronic chan-
ges, corpora amylacea, and areas with neuron loss (a statistically
significant difference for areas with neuron loss between phase 1
and phase 2 and between phase 1 and phase 3: p,_, < 0.05 and
p._; < 0.05), indicating severe disturbances of cerebral blood sup-
ply. Early reactive astrogliosis and neoangiogenesis were observed
in phase 1 of IS with HT, with an increase in the frequency of these
signs in phases 2 and 3 of the disease (p,_, < 0.05 and p,_, < 0.05 for
astrogliosis and p,_, < 0.05 for angiogenesis). It was found that as a
result of ischemia/reperfusion in the perifocal brain tissue, reactive
inflammation developed, with a predominance of neutrophils over
other elements in phase 1 (p,_, < 0.05) and the presence of lym-
phocytes and macrophages throughout all phases of IS with HT.
Acute damage to microcirculatory vessels in the form of transmural
fibrinoid necrosis of the vessel wall was observed in some cases,
while in most cases, changes were in the form of sclerosis and
hyalinosis. Conclusions. The rapid fatal outcome of IS with HT in
patients was influenced by the combination of hypertension and
diabetes mellitus. The features of the microcirculatory system
indicated comorbid conditions in the form of necrosis, arterioscle-
rosis, arteriolar hyalinosis. In most cases, during the acute phase
of the disease, coagulative and liquefactive necrosis of neurons
was observed in the perifocal zone, and despite the severity of the
disease, healing processes were present.

Keywords: ischemic stroke; hemorrhagic transformation; diabetes
mellitus; risk factor; red neurons; neuron “shadows”
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Relationship of transforming growth factor p1
with diabetic retinopathy in type 2 diabetes

Abstract. Background. It is known that in diabetic retinopathy (DR), impaired transforming growth factor 31
(TGF-B1) signaling is accompanied by pathological angiogenesis, disruption of the blood-eye barrier, activation of
inflammation and tissue fibrosis. The purpose of the study was to establish the relationship between the content
of TGF-B1 in blood serum and intraocular fluid (IOF) and the progression of DR in type 2 diabetes mellitus (T2DM)
using neural network modeling. Materials and methods. The study included the results of the examination of 102
people with T2DM, who were divided into 3 groups according to the stages of DR: the first one — non-proliferative
DR (NPDR, 35 people), the second one — preproliferative (PPDR, 34 people) and the third one — proliferative
(PDR, 33 people). The control group consisted of 61 individuals. The patients underwent standard ophthalmic exam-
inations. TGF-B1 in blood serum and IOF was evaluated by enzyme-linked immunosorbent assay (Invitrogen Ther-
mo Fisher Scientific, USA). Statistical analysis of the results was performed using the MedCalc software package
(MedCalc SoftWare bvba, 1993-2013) and a two-layer neural network model with a linear postsynaptic potential
function. Results. Using the genetic selection algorithm, 3 features were identified that were associated with DR:
diabetes compensation and TGF-B1 content in blood and IOF. T2DM was compensated in 38 (37.3 %) patients,
while in 64 cases (62.7 %), it was uncompensated. The proportion of the latter was higher in PDR than in NPDR and
PPDR (p < 0.05). In PDR, the TGF-B1 content in IOF was significantly higher than in NPDR and PPDR (p < 0.05).
A three-factor classification model was created on the identified features, which included a system of equations that
predicted PDR with 100% accuracy. The overall prediction accuracy of the model was 88.2 % (95% Cl 80.4-93.8 %).
Conclusions. In this study, the value of indicators such as diabetes compensation and TGF-B1 content in serum
and IOF for the progression of DR to PDR was shown using the method of neural network modeling.

Keywords: proliferative diabetic retinopathy; diabetes mellitus; transforming growth factor B1; intraocular fluid;
neural network modeling

Introduction

Diabetes mellitus (DM) is a group of carbohydrate me-
tabolism disorders in which glucose is both underutilized as
an energy source and overproduced due to inappropriate glu-
coneogenesis and glycogenolysis, resulting in hyperglycemia
[1]. In 2022, an estimated 828 million (95% credible interval
757-908) adults aged 18 years and older had DM, indicating
an increase of 630 million (554—713) since 1990. From 1990 to
2022, the age-standardised prevalence of diabetes increased in
131 countries for women and in 155 countries for men [2, 3].

It is known that the quality of life of people with DM is
significantly worsened by vascular complications, 26—35 %
of patients develop diabetic retinopathy (DR) [4, 5]. Its

main mechanisms are considered to be disorders of glu-
cose metabolic pathways, including the polyol pathway, ad-
vanced glycation end products, protein kinase C pathway
and hexosamine pathway, leading to the development of
microvasculopathy [6]. In addition, chronic low-grade in-
flammation, leukostasis, neurodegeneration and reactive
gliosis of Miiller cells, pericyte apoptosis and mitochondrial
dysfunction are important [7].

A significant role in the initiation of these processes in
DR belongs to numerous growth factors that regulate cell
migration, proliferation and differentiation [8]. For example,
transforming growth factor-f (TGF-), fibroblast growth
factor and insulin-like growth factor regulate scleral thickness
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and influence the onset and development of myopia. Inade-
quate TGF-f signaling has been associated with abnormal
angiogenesis, vascular barrier function, adverse inflamma-
tory responses, and tissue fibrosis [9].

In DR, mild local inflammation induces neuronal and
Miiller cell apoptosis, endothelial proliferation, cellular matrix
remodeling, and fibrosis through the involvement of TGF-3
family signaling pathways [10]. Impaired TGF-f signaling in
various ocular pathologies is associated with defective angio-
genesis, blood-eye barrier dysfunction, and activation of in-
flammation and tissue fibrosis [12]. In DR of different stages,
a progressive increase in the content of TGF-1, matrix metal-
loproteinase-3, and tissue inhibitor of matrix metalloprotei-
nase-1 in intraocular fluid (IOF), but not in serum, was found,
indicating their independence from intraocular regulation and
involvement in DR progression [11, 13].

Thus, it is relevant to conduct a comprehensive analysis
of the relationship between the progression of DR and the
content of TGF-f1 in the blood and IOF. This may be the
basis for the use of targeted therapy directed at TGF-f31,
which may find its place in the prevention of the progression
of DR to proliferative DR (PDR).

The purpose of the study was to establish the relationship
between the content of TGF-[31 in blood serum and intraocu-
lar fluid with the progression of diabetic retinopathy in type 2
diabetes mellitus by means of neural network modeling.

Materials and methods

The study was conducted at the Department of Ophthal-
mology of the Danylo Halytsky Lviv National Medical Univer-
sity. All studies were done in compliance with the basic provi-
sions of the Council of Europe Convention on Human Rights
and Biomedicine, the World Medical Association Declaration
of Helsinki on the Ethical Principles for Medical Research
Involving Human Subjects (1964, with subsequent amend-
ments, including the 2000 version), the Order of the Ministry
of Health of Ukraine No. 690 dated September 23, 2009.

The study was prospective, cohort, case-control. Patients
who were involved in the study provided informed consent.

In total, the results of the examination of 102 people with
type 2 DM, 33 men (32.4 %) and 69 women (67.6 %) aged
65.90 + 0.84 years, were included in the study. The diagnosis
of DR was made according to the classification of E. Kohner
and M. Porta, approved by the World Health Organization in
1991, which distinguishes three stages: non-proliferative DR
(NPDR), pre-proliferative (PPDR) and PDR. According to
the diagnosis, the patients were divided into three groups: the
first group consisted of 35 patients with NPDR, the second —
34 with PPDR and the third — 33 with PDR. The control
group included 61 individuals who did not have DM and DR
and underwent surgical treatment for age-related cataract.

Ophthalmic examinations included visiometry, Gold-
mann tonometry, biomicroscopy on a Haag-Streit BQ 900
slit lamp (Switzerland), gonioscopy, ophthalmoscopy using
contact and non-contact lenses (Volk Optical, USA), spec-
tral-domain optical coherence tomography on Optovue
RTVue system (Optovue, USA). Best-corrected visual acu-
ity (units), intraocular pressure (mm Hg) were evaluated;
central retinal thickness (um) and retinal volume (mm?®) were
determined using optical coherence tomography.

Blood sampling was performed in the morning on an
empty stomach in an amount of 3 ml from the cubital vein,
immediately after sampling, the blood was centrifuged to
obtain serum. IOF was collected through anterior chamber
paracentesis before surgery or phacoemulsification by aspi-
rating 0.05—0.1 ml with a 1-ml disposable syringe (Hemo-
plast, Etalon+, Ukraine).

Carbohydrate metabolism disorders were determined
by fasting venous blood glucose levels and blood glycated
hemoglobin (HbAlc). The degree of diabetes compensa-
tion was assessed by hyperglycemia indices [14]. Diabetes
was considered compensated with stable compensation
of hyperglycemia (fasting venous blood glucose did not
exceed 7.0 mmol/l). Diabetes was uncompensated with un-
stable compensation: fasting glucose level was more than
7.0 mmol/l. TGF-B1 in serum and IOF was determined by
solid-phase immunoassay using commercial test systems
Invitrogen Thermo Fisher Scientific (USA).

For statistical studies, the MedStat and MedCalc v.15.1
software packages (MedCalc Software bvba) were used. To
compare data between groups, ANOVA (in case of a normal
distribution law) and the Kruskal-Wallis test (in case of a
distribution law other than normal) were used. Posterior
pairwise comparisons were performed using the Scheffé or
Dunn test. The significance of differences between groups
was determined using the x-square test with Bonferroni cor-
rection.

To analyze the relationship between factorial features
and the stage of DR, the method of constructing classifi-
cation models was used [15]. The analysis was performed in
a two-layer neural network model (without a hidden layer)
with a linear activation function (postsynaptic potential
function), which divides the space of factorial features by
intersecting hyperplanes [16]. The analysis included data
from 102 patients for 12 characteristics: age, sex, diabetes
compensation, diabetes duration, blood glucose and HbAlc,
best-corrected visual acuity, intraocular pressure, central
retinal thickness, central retinal volume, as well as TGF-1
in serum and IOF. To prevent overtraining using a random
number generator, patients were divided into two sets: 80 %
were assigned to the training set and 20 % to the test set.

Results

At the first stage of the analysis using the genetic selection
algorithm, a minimum set of features associated with DM
was identified, which included: diabetes compensation and
TGEF-f1 content in serum and IOF.

As shown by the data obtained (Fig. 1), the course of
type 2 DM was compensated in 38 (37.3 %) patients, while
in 64 (62.7 %) — uncompensated. At the same time, the
proportion of the latter was significantly higher in PDR than
in NPDR and PPDR (p < 0.05 for both comparisons).

Also, in DR, the content of TGF-f1 in both blood serum
and IOF significantly increased (Fig. 2). In blood, it was in-
creased by 1.4—1.55 times (p < 0.001) compared to controls.

TGF-B1 in IOF increased significantly in patient groups
and exceeded the control by 1.2 times in NPDR, 2.2 times in
PPDR and 5.0 times in PDR (p < 0.05 for all comparisons;
Fig. 2). When comparing groups with DR between each other,
the difference was also statistically significant (p < 0.05).
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Figure 1. Proportion of patients with compensated and uncompensated type 2 DM depending
on different stages of DR (x*= 17.316; p < 0.001)
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Figure 2. TGF-B1 content in blood serum and IOF
at different stages of DR (% to the control level)

Notes: * — difference from the control group is statis-
tically significant (p < 0.05); ** — difference from NPDR
is statistically significant (p < 0.05); *** — difference
from PPDR is statistically significant (p < 0.05).
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Figure 3. Architecture of a three-factor model for
classifying patients by stage of DR: triangles (neurons
of the input layer), squares (neurons of the output
layer), X — factorial features (diabetes compensation,
TGF-B1 content in the blood and IOF, respectively),
Y — resultant feature (stage of DR)
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Figure 4. Distribution of patients with different stages
of DR in the coordinates of TGF-B1 content in blood
and IOF (pg/mil)

A three-factor classification model was created on the se-
lected features; the architecture of the model is shown in Fig. 3.

The model was trained using the backpropagation me-
thod [17]. The resulting model can be represented by the
system of equations (1):

PDR =0.066 x X1 — 0.01362 x X2 +
+0.002375 < X3 + 0.249;

PPDR =—0.633 x X1 + 0.02867 x X2 — )
— 0.000593 x X3 — 0.850;

NPDR = 0.567 x X1 — 0.01504 < X2 —
—0.001782 x X3 + 1.601;

where X1 = 0 for compensated and X1 = 0.1 for uncom-
pensated diabetes, X2 — TGF-31 content in blood serum
(pg/ml), X3 — TGF-f1 content in IOF (pg/ml).

Fig. 4 shows the distribution of patients in the coordinates
of TGF-B1 content in blood and IOF. It was possible to see
a clear difference in the level of TGF-31 in PDR compared
to other groups, which allowed to separate such patients by
this indicator and, accordingly, proved the significance of
TGF-B1 as a biomarker of PDR. An increase in the content
of TGF-B1 in IOF above 450 pg/ml was characteristic only
for PDR cases (Fig. 4). In contrast, the actual overlap of the
control zone and NPDR indicated no significant difference
in the early stages of DR compared to the absence of DM.

Table 1 shows the prediction results in model (1).

Model (1) predicted DR with 100 % accuracy (all 33
cases had a correct prediction). Mutual errors occurred when
determining PPDR and NPDR: the wrong diagnosis was
predicted in 10 (29.4 %) cases for PPDR and in 2 (5.7 %)
cases for NPDR. The overall prediction accuracy of mo-
del (1) was 88.2 % (95% CI1 80.4—93.8 %).

Thus, in this study, the value of indicators such as diabe-
tes compensation and TGF-f31 content in blood serum and
IOF for DR progression was shown by the method of neural
network modeling.

Table 1. Prediction results (correspondence
of the current diagnosis and prognosis)
for patients with different stages of DR

Diagnosis
PDR PPDR | NPDR
PDR 33 0 0
Prognosis PPDR 0 24 2
NPDR 0 10 33
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Discussion

Prediction of DR by blood parameters and/or clinical
study findings gives sufficiently accurate results [18, 19]. The
risk of PDR and vitreous hemorrhage was detected in a mul-
ticenter national cohort study in the UK [20]. Compared
with the absence of DR, patients with mild, moderate and
severe NPDR were 6.71, 14.80 and 28.19 times more likely
to develop PDR, respectively. It has also been shown that the
risk of DR progression was associated with indicators such
as glycemia, blood levels of cholesterol, triglycerides and
HbAlc, age, male gender, duration of diabetes, presence of
neuro- and nephropathy, hypertension [21, 22].

In our study, among all the identified indicators, the va-
Iue of DM compensation was established by neural network
modeling — uncompensated diabetes significantly increased
the risk of PDR. This conclusion was generally consistent with
existing ideas about the causes of DR progression [22, 23].
On the other hand, the value of an increase in the content of
TGF-1, which we confirmed, has a certain originality.

In experimental streptozotocin-induced diabetes, activation
of the TGF-f1 pathway mediates damage to the blood-eye bar-
rier [24]. In the clinic, a significant increase in the content of
TGF-B1 and TGF-B2 in IOF of patients with NPDR in type 2
DM compared to controls was shown, which corresponded to
a decrease in total retinal blood flow. The latter, according to
the authors, confirmed the role of the growth factors studied in
the occurrence of vascular changes in DR [25].

Regarding the issue of using TGF-f1 as a biomarker
of DR, there are certain disagreements. On the one hand,
the possibility of such an approach in clinical practice has
been shown [26]. The authors reported that serum TGF-31
was not a reliable biomarker for differentiating patients with
NPDR from those with diabetes without signs of DR, but
they found a clear relationship between an increase in serum
TGF-B1 and the progression of DR from NPDR to PDR.
The latter was fully consistent with the results of our studies.

On the other hand, there is also evidence of the absence of
a relationship between serum TGF-1 and the progression of
DR: TGF-31 was elevated in patients with diabetes, but did not
differ depending on the presence or stage of DR (p > 0.05) [27].

In our opinion, parallel assessment of TGF-31 content in
blood serum and IOF may provide a higher quality of prognosis
compared to using only the blood concentration of this factor.

Conclusions

Using the genetic algorithm of selection in neural net-
work modeling, 3 features were identified that were associ-
ated with DR: diabetes compensation and TGF-31 content
in blood serum and IOF.

A three-factor classification model was created on the
identified features, which included a system of equations that
predicted PDR with 100% accuracy. The overall prediction ac-
curacy of the created model was 88.2 % (95% CI 80.4—93.8 %).
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3B’930K TPAHCHOPMYIOHOro GAKTOpPA POCTy B1 3 AIGBGETUYHOIO PETUHOMNATIEID
npuv LyKkpoBomy Aiaberi 2-ro tuny

Pestome. Axkmyaavnicmo. Binomo, 110 Nipy 1iaGeTUUHil peTUHOMAaTil
([1P) mopytieHHsT curHaTiHTY TpaHchopmyodoro dakropa pocty 31
(TGF-p1) cynpoBOIXKY€EThCSI MATOJIOTIYHUM aHTiOTeHE30M, MOPY-
IIEHHSIM reMaToo(TaTbMiYHOTO 0ap’epa, aKTUBALIIEIO 3aTTaJICHHS i
bidbpo3y TKaHUH. Mema: 11I7ISIXOM HelipoOMepeXKeBOro MO/IETIOBaHHS
BcTaHoBUTH 3B’s130K BMicTy TGF-f1 y cupoBariii KpoBi Ta BHYTpiliI-
HboOUHil pinuHi (BOP) i3 mporpecyBannsm 1P mpu mykpoBoMy
nia6eti 2-to tuty (LI/12). Mamepiaau ma memoou. Y noCiTKeHHS
OyJI0 BKJIIOUEHO pe3yibraTi oocteskeHHs 102 oci6 i3 LIJ12, skux 3a
cranisimu 1P po3minvim Ha 3 rpynu: mepiiry — 3 HerpoJtichepaTns-
Hoto 1P (HITJAP, 35 mauienTiB), npyry — 3 mpernpoJichepaTuBHOIO
(MI1AP, 34 ocobm) i Tpetio — 3 mposmicpepaTrBHOO (IT1P, 33 martti-
€HTH). Y KOHTPOJIbHY IpyIly BBiiiiia 61 ocoba. IMaiieHtam mpoBo-
IIAJTW CTaHaapTHI odranrpMostoriudi oocrexkeHHs1. Pienb TGF-f1
y cupoBaTii KpoBi i BOP Bu3Hauanu MeTonoM iMmyHO(hepMeHTHOTO
anauizy (Invitrogen Thermo Fisher Scientific, CILIA). Cratuctuu-
HUI aHaJTi3 pe3yJIbTaTiB MPOBOIM/IM 3a IOITOMOTOI0 MTakeTa Mporpam
MedCalc (MedCalc SoftWare bvba, 1993—2013) i HeiipomepekeBoi

JIBOIIIAPOBOI MOJIEJI 3 TiHiITHOIO MOCTCUHANTUYHOIO MOTEHIIiaTbHOIO
dynkieto. Pesyromamu. MeTonoM reHETUYHOTO aJITOPUTMY BiTOOpY
OyJ10 BUILIEHO 3 03HAKU, 110 OB s13aHi 3 JIP: KoMIieHcallist 1iabety
ta BmMicT TGF-1 y kposi i BOP. LI/12 6yB kommnieHcOBaHUM Y 38
(37,3 %) nauientis, Tomi K y 64 (62,7 %) — HEKOMIIEHCOBAHWM.
Yactka ocranHboro Oyna Oinbiroto ripu [TP, wixk mpu HITIP i
TIIAP (p < 0,05). Ipu TP ymict TGF-1 y BOP 6yB cyrTreBO
ButmM, Hixk ipu HTTP i TITIAP (p < 0,05). Ha BumineHnx o3Hakax
0yJ10 CTBOPEHO TpU((aKTOPHY MOJIEb Kilacuikallii, 1110 BKJIoYaaa
cucTeMy piBHSIHB, sika 3 TouHicTio 100 % npornosysana [T/1P. 3a-
rajibHa TOYHICTh MPOTHO3yBaHHs Mofesi craHoBua 88,2 % (95% BI
80,4—93,8 %). Bucnosxu. Y 11b0My TOCITIXKEHHI METOIOM HeiipoMe-
PEKEBOrO MOJIETIOBAHHSI OYJ10 MOKa3aHO 3HAYEHHSI JIJIsS IPOrpecy-
BanHs /P y ITJIP Takix moka3HUKIB, IK KOMIICHCALIisT IyKPOBOTO
nia6ety it BMicT TGF-1 y cuposaTiii kposi i BOP.

KirouoBi ci1oBa: nponidepatrsHa giabeTMuHa peTUHOIATIS; 1Ly-
KpOBHUIi aiabeT; TpaHchopMyrounii hakTop pocTy [31; BHYTpillIHBO-
OYHa pilnHa; HeilpoMepeXkeBe MOIETIOBAHHST
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CtaH imyHOdeHOoTUNy AiMPpoLUTIB KPOBI Y XBOpPUX
i3 BrepLue BUSBAEHUM LLYKPOBUM Ai0OeTOM 2-ro Tuny
Y NOCTKOBIAHOMY NMepioAi

Pe3tome. AkTyanbHicTb. [TokasHuky cyononynsayiviHoro ckiagy KpoBi Ha CbOroAHi € OAHUMM i3 KITHOHOBUX XapaK-
TepuCTUK QOYHKUIT iMyHIiTeTy. Ocob/mMBe 3Ha4YEHHS Li napameTpu MaroTb y XBOPUX Ha BrepLLIe BUSIBIIEHWUI LiyKPOBUI
fdiabet 2-ro tuny (U42) y noctkosigHomy niepiogi. [pote [aHi 4OCTiKEHb LLO[0 CTaHy iMyHOeHOTUMY JiIMOYNTIB
y XBOpux Ha BriepLue BusBrieHwi LI[J2 3 pisHum iHgekcom macwy Tina (IMT) B moCTKOBIgHOMY repiodi BKpav Heumc-
JieHHi Ta guckyTabesbHi. MeTa: Bu3Ha4eHHs MokasHuKIB imyHogeHoTury nimgpountis (CD3+, CD4+, CD8+, CD20+
i CD56+ T-kniTuH) KpoBi y nauieHTiB 3 BnepLue BusiBneHum L2 i pisHum IMT B noctkosigHomy nepiogi. MaTepianu
Ta metoaM. Y [OCTiKeHHs 6ynn 3ary4eHi 98 xBopux 3 gebrotom L2, 1140 BigbyBCs MpoTAroM TpboX MiCALiB nicss
nepeHeceHoro COVID-19, 3 piaHum IMT Ta 94 nayieHTn 3 gebrotom L2 B sonaHaemidHui nepioq i piaHum IMT.
Tpyrv nopisHsiHHS cTaHoBUIM 93 HOPMOITIIKEMIYHNX OCOOU MICIS IePeHEeCceHoro KOPOHaBIPyCHOro 3axXBOPOBaHHS
3 pisHum IMT Tta 88 HopmornikemidHux 3 pisHum IMT 6e3 COVID-19 B aHamHe3si. O6¢cTexeHi 3anexHo Big IMT 6ynm
po3sainexi Ha 4 nigrpynu. BusHavyeHHs1 iMyHogheHOoTUY JTIMGOUNTIB KpOBI 610 BUKOHaHE MPOTOYHO-LNTOMETPUY-
HUM METOLOM i3 BUKOPUCTaHHAM sla3epHoro yutogmoopumetpa FACStar plus i naHeni MOHOKITOHanbHUX aHTUTIN
[0 MeMbpaHHVX aHTUreHiB nimeoymntis. Peaynbtatu. [nia xsopux Ha LI[J2 y nocTKoBigHOMY riepiodi xapakTepHe
BiporigHe 3HV>XXeHHS1 abCOIOTHOI KifTbKOCTI BCIX CyOnonynsayivi niMgoynTiB NOPIBHAHO 3 XBOPUMU B JOKOBIAHOMY
nepiogi Ta rpyrnamMy HOPMOIJIIKEMIYHUX OCI6 B [JOKOBIAHOMY Ta rocTKoBigHoMy niepiogax. Npu po3nogini xsopmx
3anexHo Big IMT Ha 4 nigrpynun: 1) < 25,5 kr/M?; 2) 25,9-29,9 kr/m?; 3) 30,0-34,9 kr/m?; 4) > 35,0 Kr/M? — BUABIIEHO
nporpecyroyde 3HmkeHHs1 CD3+, CD4+, CD8+, CD20+ i CD56+ T-K/iT1H NOPIBHAHO 3 XBOPUMM Ha BriepLLe BUSIB-
neHwi 42 B fokosigHoMy nepiogi, y SKUX Bi3Ha4anocs, HaBrnaku, porpecyroye 36irbLUeHHS BCIX cy6ronynsayii
nimepouymTis. lMogibHe nigBuLLeHHS abcontoTHoro Ymcna CD4+ T-knituH 3anexHo Big IMT Big3Ha4anu Takox i B
HOPMOITIIKEMIYHUX OCI6, are BOHO 610 MEHLL BUpaxeHuM. BucHoBKN. [s nayieHTis 3 BriepLue BussaeHuM L2
Y MOCTKOBIHOMY niepiofi XapakTepHe 3HWXXEHHS BMICTY B NepugepuyHivi KpoBi BCiX cyornonynsayiv niMmgounTis,
SIKe MakCcuMaIsibHO BUPaxXeHe rpu CyrnyTHbOMY OXUPIHHI, LLO CBIg4YUTL MPO IMYyHOCYNPEeCcUBHWUI BIJINB KOPOHAaBIPY-
CHOIo 3axBOPIOBAHHS HA CTaH iIMyHHOI cuctemu y xBopux 3 gebrotom LI[]2 y noctkosigHomy niepiogi i pisHum IMT.
KnroyoBi cnoBa: yykposuii giabet 2-ro Tury; OXUPIHHS, iIMYHITET; iMyHOgbeHoTvn nimMgpoumTtie; COVID-19

Bctyn

3rigHo i3 CYyJaCHUMM YSBJICHHSIMU, OTHUM i3 KITIOYOBUX
naTodizioJoriYyHUX MexaHi3MiB KOPOHaBipyCHOI XBOPOOU —
2019 (COVID-19) € nucdyHkitist iMyHHOI CUCTEMU SIK TIiJ
yac pO3BUTKY 3aXBOPIOBAaHHS, TaK i B MOCTKOBITHOMY TTe-
piomi [1, 2]. 3apa3 yxke BCTAaHOBJIEHO, 110 LIYKPOBUI1 AiabeT
2-ro tuny (LIJ12) € 3axBOproBaHHSM, TIATPYHTSIM SIKOTO €
CUCTEMHE HU3bKOIHTEHCHMBHE XPOHIUHE 3amajlieHHs, 1110
XapaKTepPU3YEThCS HasIBHICTIO XapaKTepHUX 6ioMapKepiB

3anajeHHs (JIEMKOIIMTO3y, MOHOIIUTO3Y, HEUTPOiNbo3y,
nigBuileHoro iHaekcy 3ananeHHst BHJI (BigHomeHHs Hell-
TpodiJiB 10 JiMbOUUTIB), 30iblIeHHS piBHIB C-peakTuB-
HOTO MPOTEIHY Ta MMpo3analbHUX HUTOKIHIB) |3, 4]. [IpoTe
poJib iMyHHOI cuctemu B ratoreHesi 1112 B mocTkoBinHOMY
Iepioai Ha ChOTOAHI Maiixke He BUBUeHA. 30KpeMa, IaHi
LIOAO0 CYOITOMYJISILIAHOTO CKJIAAy i BITHOCHOI Ta aOCOJIOT-
HOI KiJIbKOCTi J1iM(OLIMTIB KPOBi Y Malli€HTIB i3 BOEpIle BU-
saeneHum LIJ12 y teit mepion mooaMHOKI Ta AUCKYCIliHi [5].
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skl

Huskoto nociimkeHb BxKe BCTAHOBJIEHO, 10 Y XBOPUX
Ha Briepuie BusiBiaeHuit LIJ12 y nokoBinHuMii nepioa Bia3Ha-
YyaJiocs IMiABUIIEHHS CyONOITyJIsAii JiM(POLUTIB y Iepu-
depuuniit kposi (ITK) [6—8]. Takox y 6aratbox poboTtax
BipOTiZHO BCTAHOBJIEHO, 110 MiX IiABUIIEHHIM KiJIbKOCTi
cyOrnomnynsuiii aimdoiunTis Kposi Ta piBHeM IMT y xBopux
Ha Briepiie Busienenuii LIJ12, siki 3axBopiji B AonaHe-
MiUHUI TIepiof, iCHy€e MPSIMUIl KOpeIaLiiiHuii 38’5130K [9].

Y xBopux 3 ne6rotom LIJ12, sskuii BinOyBCs BxXe B ITOCT-
KOBiTHOMY IIepioni, CUTyalisl, 3a JaHUMMU TOCJiIXKEHb,
N3epKaJibHO TpOTUiIeXXKHa. HU3K00 ocTaHHIX TOCTiIKEeHb
BCTAHOBJIEHO, 1110 KiJIbKICTb CyOMomysiiiit 1iM(oLuTiB re-
pudeprnyHOi KpOBi Y MalieHTiB 3 Briepie BusiBieHuM LIJ12
B MOCTKOBigHOMY Tiepioni 3uuxkeHa [10, 11]. Takum yu-
HOM, KiJbKicTb T-nmiMmdonuriea CD4+ i CD8+ y xBopux Ha
Briepiie BusBiaeHuit LIZ12 B mocTKoBiZHOMY ITepiofi HIKYa,
HiX y TTali€eHTIB 0€3 IyKPOBOro AiabeTy MicJsI ITepeHeCceHOl
KOpOHaBipycHoi XxBopoou [12].

Humni nani ipo imyHodeHoTun JiMdporuTiB y I1K xBo-
pux Ha Briepile BusBieHuil 11/12 B mocTkoBigHOMY Tepiomi
HEYMCJIEHHI Ta HEOJHO3HAYHi. TaKoX BIIKPUTUM € TUTAaHHS
PO BILUIMB KOBiLy Ha CyOITOIMYJISILIIMHMI CKIIad JiM(pOILIUTIB
KpOBi y XBopux Ha Briepiie BusisieHuii L2 3 pizuum IMT.
TakuMm yrHOM, MeTOI0 POOOTH CTaJIO BU3HAUECHHS MOKa3-
HUKIB iMmyHOdeHoTUMy JiMporuTiB kKpoi (CD3+, CD4+,
CD8+, CD20+ i CD56+ T-kj1iTHH) y MaLi€HTIB 3 BIepILe
BusBieHuM L1J12 y moctkoBigHOMY Itepiomni i pisHum IMT.

MaTepiaAn Ta MeToAmn

Y nocaimkeHHst Oynu 3aaydeHi 98 malieHTiB i3 Bepiie
BusiBneHuM LIJ12, siki nepexsopinu Ha COVID-19, 3 pisHumM
IMT Ta 94 nauienTtu 3 ne6rorom LI/I2 y nonanmemivyHuii
nepion i pizHum IMT.

I'pyrm Oynu 3 piBHOMipHUM TeHIEPHUM PO3IIOIITIOM,
Mali€eHTU He MaJiu B aHAMHE3i CeplieBO-CYIMHHMUX, OHKO-
JIOTIYHUX Ta {HIIUX CUCTEeMHUX 3aXBOPIOBaHb. ['pynu mo-
PiBHSIHHSI CTAHOBUJIU 93 HOPMOTJTiKeMiuHi 0CO0U 3 pi3HUM
IMT micns nepeHeceHOro KOpoHaBipyCHOI'O 3aXBOPIOBAHHST
Ta 88 HOpMOTITiIKeMiYHUX OCi0 6e3 BipoTimHO TIEPeHECEHOTO
KOPOHaBipyCHOTO 3aXBOPIOBaHHS, 1110 Oy/1M HaOpaHi B 10-
KOBimHMi1 miepion, 3 pizHuM IMT.

3anexHo Big BeamunHu IMT rpynu naiieHTiB 3 n1e610-
ToMm LIJI2 i rpynu HOpMOTJiKeMiYHMX OCi0 Oy/Iu po3misieHi
Ha 4 miArpynu, 110 BKIIIOYAJIM TOCTIIKYBAHUX 3 Pi3HUM
IMT. I'pyna nauieHTiB 3 nedotom LIJ12 y nokoBigHuii me-
piox: 1) 3 Hopmanmpaum IMT (< 25,0 kr/M?) — 25 nallieHTiB;
2) IMT Bix 25,0 10 29,9 kr/m> — 23 manientu; 3) IMT Bix 30
1o 34,9 xr/m* — 25 nmanientis; 4) IMT monan 35,0 xr/m> —
21 nauienT. I'pyna nauieHTis 3 ne6torom LIJI2 micist mepe-
HeceHoro KoBiny: 1) 3 HopmanabHuMm IMT (< 25,0 kr/m?) —
22 manientu; 2) IMT Binx 25,0 1o 29,9 kr/m?> — 27 Nalli€HTiB;
3) IMT Bix 30 no 34,9 kr/m? — 26 nauienTtis; 4) IMT moHan
35,0 xkr/m?> — 23 nauientu. ['pyna HOpMOTJTTIKEMiYHHX JTIO-
JIeii TTiCJIsl IEPeHeCceHOro KOPOHABIPyCHOTO 3aXBOPIOBAHHS
3 pisHuMm IMT: 1) 3 HopmanbauM IMT (< 25,0 kr/m?) —
23 ocobu; 2) IMT Bim 25,0 mo 29,9 kr/m> — 25 oci0;
3) IMT Bin 30 mo 34,9 xr/m> — 24 ocodou; 4) IMT noHan
35,0 kr/M? — 21 ocoba. I'pyna HOpMOTTIKEMIYHUX JIIOACH 3
pizHuM IMT 6e3 BiporinHo repeHeceHOro KOpoHaBipyCHOIo
3aXBOPIOBaHHsI, TOOTO siKa Oyia HaOpaHa B JOKOBiIHMIA

niepion: 1) 3 HopmanbuuM IMT (< 25,0 kr/M?) — 21 0co0a;
2) IMT Bix 25,0 1o 29,9 kr/m? — 24 oco6wu; 3) IMT Bix 30 no
34,9 xr/m? — 23 ocobu; 4) IMT nonan 35,0 kr/m> — 20 oci6.

IMT Bu3Hauanu SIK BiZHOIIEHHS MOKAa3HUKIB Macu
Tija B Kijjorpamax A0 KBaJapaTy pocCTy B MeTpax. 3a 3a-
raJbHOIMPUNHSTO MiXXHApOAHOIO Kjacudikallieo mo-
kasHuku IMT wmix 18 ta 24,9 Kr/m? BU3HAYAIOTh SIK
HOpMaJbHi, Big 25,0 mo 29,9 kr/mM*> — HagMipHa Maca
tina, 30,0—34,9 kr/mM> — oxupiHHsg 1-ro ctymens, 35—
39,9 kr/m? — oxupiHHs 2-ro cryneHs, 40 kr/m? i Bule —
oxupiHHs 3-ro ctynens. Jliarno3 11J12 BcTraHOBIIOBaIU
3TigHO 3 peKOMeHIalisSIMU AMEPUKAHCHKOI 1ia0eTUYHOI
acowianii [13]. PiBeHb r1ikoBaHOTO TeMOTJIO0iHY, XOJec-
TePUHY, JIMOMNPOTEiHIB i TPUTTiLIEpUIiB BU3HAYAIU HAT-
e 0ioXiMiYHMM METOIOM 3a JIOTIOMOTOI0 aBTOMAaTUYHOTO
aHaiizaropa HumaStar 600 (HiMmeuunna). CuctomivHuit
Ta DiaCTOJIIYHUIA apTepiaJTbHUM TUCK — aBTOMAaTUIHUM TO-
HometrpoMm UA778 (SAnoHist), 3rinHO 3 peKoMeHaalisiMu
AMepuKaHChKOI KapAioJIOriyHOi acolialtii.

VMicT m1iM@POLUTIB pi3HUX iIMYHOJIOTIYHUX (PEHOTUIIIB
(CD3+, CD4+, CD8+, CD20+ i CD56+ T-kiiTUHM) BU-
3HAYaJId METOIOM MTPOTOYHOT IMTOMETPIii 3 BUKOPHUCTAH-
HsM JiazepHoro nutodoopumerpa FACStar Plus Becton
Dickinson (CIIA) i maHeai MOHOKJIOHAJIbHUX aHTUTLT A0
MeMOpaHHUX aHTUTeHiB JiiMbouuTiB dipm Becton Dickin-
son (CIIIA) i Dakopat ([Ja#ist). s 1boro MOHOHYKJI€apH 3
renapuHizoBaHoi [1K Buminsum Mmeronom nudepeHiaIbHO-
ro LeHTpUudyryBaHHs B Ipafi€eHTi IIIbHOCTI (hikon-ypocTa-
1y (LLIBelist) 3 mogaaplIMM ix iHKyOyBaHHSIM y TUIACTUKOBUX
yanikax npotsiroM 1 roa B CO,-iHKyOaTopi 151 yCyHeHHSI
MOHOUUTIB. OuulleHy ¢paxiiro JiMGOLUTIB 00poOISIIN
crieliniYyHUMU MOHOKJIOHAJIbHUMU aHTUTIJIaM1, MapKoBa-
HUMM (JII00pecLIeiHy i30TiolliaHaTOM a00 (hiKOEPUTPUHOM.

3araiapHy KiIbKicTh gerikonutiB y [1K Bu3Havanm 3a
JIOITOMOTOI0 TeMAaTOJIOTIYHOTO aHali3aTopa, a JIEHKOoIuTap-
HMIA CKJ1am — SIK 32 JOTIOMOTOI0 aHaJli3aTopa, Tak i B Ma3Kax
KpOBi, 3a0apBiieHux 3a [lanmneHreiiMoM, 3 BUKOPUCTAaHHSIM
KakoxunaTHoro oydepa (pH 6,85) na 200 kiTuH, 1110 igeH-
TUGIKYIOThCS.

CraTtucTiyHy 00poOKY OTpMMAaHUX JaHUX MPOBOAMIN
MEeTOIOM BapialliifHOi CTAaTUCTUKU 3a TOTTOMOTOIO CTaH-
JIAPTHOTO TaKeTa CTAaTUYHOIO PO3PaxXyHKY 3a MporpamMoro
LibreOffice Calc.

PesyAbTaTH

PesynbraTy BUKOHaHUX 3arajibHOKJIIHIYHUX 1 KJTiHi-
KO-71a00paTOPHUX JOCHTIIXKEeHb MalieHTiB 3 nedbrotom L2
i pisaum IMT Ha T71i mepeHeceHOro KOpoHaBipyCHOTO 3a-
XBOPIOBaHHS Ta Mali€HTIB i3 Brepuie BusieieHuM LIJ12 i
pizauMm IMT B mokoBimHOMY Iepiofi, a TAKOXK TPy MOPiB-
HSIHHSI, 1110 CKJIaJaaucs 3 TPy HOPMOTJIiIKEMIYHUX OCi0 y
MOCTKOBinHOMY Tiepiozi 3 pisHum IMT Ta rpynu HopMorJIi-
KeMigHuX oci6 3 pisHuM IMT 6e3 BiporimHo nepeHeceHOro
KOPOHaBipyCHOT0 3aXBOpIOBaHHsI, TOOTO sika OyJjia HabpaHa
B JOIMaHAEMIUHUI TIepion, HagaHi B TaOM. 1.

Hanani B Ta61. 1 pe3ynbTaTy 0OCTEXXEHHS TALliEHTIB 3
Briepie BusBiaeHuM LIJI2 cBimuyaTh mpo BiporimHe MiaBu-
meHHs1 IMT, mokasHUKIB IiKO3UILOBAHOTO TEMOIJIO0IHY,
NeSIKMX TTOKa3HMKIB JIiMiTorpaMuy Ta CUCTOJIIYHOIO apTepi-
JIbHOTO TUCKY IMOPiBHSIHO 3 TPYTIaMU 3[I0pOBUX HOPMOTJTiKe-
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MiuHUX 0ci0. Pe3yabTaTii 00cTeXXeHHS TPYII XBOPUX 3 1e0I0-
ToM LIJI2 B JOKOBiMHOMY Ta TTIOCTKOBIZTHOMY TIepiofax i maHi
00CTeXEHHS IPyl HOPMOITIKEMiYHUX JIIOAEH B JOKOBITHOMY
Ta IMTOCTKOBITHOMY Mepiofax BipOTriTHO HE BiIPi3HSUINCH MixX
c00010 3a BciMa JOCIIiIXKyBaHUMU MapaMeTpaMu. PizHulis B
TMOCTIIKYBaHMX ITapamMeTpax MiX TpyraMu TMalli€HTiB 3 BIiep-
e BusiBieHuM LIJ12 i pisHum IMT B 10- Ta TOCTKOBiTHOMY
repiogax Ta 3M0POBUX HOPMOITTIKeMIYHIX oci0 3 pisHuM IMT
B JIOKOBITHOMY MEPioi Ta IMic/Isl TEpeHeCeHOro KOPOHaBipy-
CHOTO 3aXBOPIOBaHHSI, HaBITaKM, OyJia BipOTiIHOIO.

IIpu mocnimkeHHi JielikouuTapHOro ckiany (Tadsu. 2)
OyJ1I0 BCTAHOBJIEHO, 1110 Y MAlIiEHTIB 3 BOEPIlE BUSIBIASHUM
1IJI2 y moxoBigHOMY IIepiomi BU3HAYAETHCS CTAaTUCTUIHO
BipOTiIHUN JIEHKOLIMTO3 MOPIiBHIHO 3 IPYMOI0 HOPMOIJTIi-
KeMiYHMX 0Ci0 B JOKOBiZHOMY II€piofi, IO 30ira€Tbes 3
JAHUMU iHIIUX aBTOPIB [14].

Pesynpratu mocmimkeHHs xBopux 3 medroToM L2 y
MOCTKOBiTHOMY Mepiofli MOPiBHSIHO 3 HOPMOIJTIKEMIUHM -
Mu ocobamu 3 pizHuM IMT, oOGcTeXeHHSs IKUX BigOyBa-
JIOCST B TOCTKOBITHUIA Mepion, BUSBWIN 3HAYHE BipOTiITHE
MiABUILIEHHS 3arajJibHOI KiJbKOCTI JISHKOILMTIB, 1110 TAKOX
30ira€eThCs 3 pe3yJabTaTaMu AesIKUX nocaimkensp [15]. Haii-
OiJblIe MiABUILEHHST PiBHS JIEMKOLIMTIB BiA3HAYaJlOCs y
rpymi xBopux 3 aedoToMm LIJI2 y mocTkoBimHOMY Tepiomi
MOPIBHSIHO 3 TPYIIOI0 XBOPUX 3 BIiepiie BusiieHuM LIJ12 y
JIOKOBiTHOMY T€pPiOi, 110 Y3rOIXYETHCS 3 TaHUMU iHIIIMX
aBTOpiB [16]. K BUIHO 3 TabJ1. 2, IEHKOIIUTO3 Y ABOX IPY-
rmax xpopux 3 ae6ioroM LI/12 mopiBHSIHO 3 1BOMa rpyrnamu
HOPMOTJTiKeMiyHMUX 0ci® OyB 00YMOBJIEHUIT 3HAUHUM 301J1b-
LIEHHSIM KiabKocTi HeliTpodiniB. IlokazHuKU HeUTpodi-
103y Y XBopux 3 aeboroM LI/I2 B mo- Ta mOCTKOBiZHUM
repiof CBimyaTh Mpo 30iTbIIEHHS KiIbKOCTi HEHTpODiiB

Ta6nmys 1. KniHiko-nabopaTopHi NOKa3HUKN 3arajibHoOi KillbKOCTi nayieHTiB 3 BriepLue BusisneHum L2

i pisHum IMT B go- Ta NocTKoBiBHOMY riepiofi Ta 340POBUX HOPMOIJIIKeMiYHUX OcCi6 3 pisHum IMT

Yy AOKoBigHOMY riepioai Ta nicsisi nepeHeceHoro KOPpoHaBipyCHOro 3axBOproBaHHS

Hopmornikemi4Hi oco6u Xsopi 3 ge6rotom L2
KniHiko-na6opatopi 3 pisHum IMT, n = 181 P1 3 pisum IMT, n = 192 P2 P3 P4
NOKa3HUKN Micns kosigy, bes Kosipy, Micns kosigy, bes kosiay,

n=93 n=2388 n=98 n=94
Bik, poki 52 (42-71) 51 (40-67) | >0,05| 54 (44-73) 53(41-72) | >0,05 | >0,05 | >0,05
IMT, Kr/n? 2493058 | 2413x012 |>005| 3089+016 | 3043£027 |>005|<0,05]| <005
HbA1c, % 5,34 £ 0,07 523006 |>005| 820006 789003 |>005|<005]|<0,05
CAT, MM pT.CT. 12834273 | 12754167 | >005| 14816285 | 14543+112 |>0,05| <0,05 | <0,05
Xonectepu, Mmonb/n | 4,90 (4,50-5,20) | 4,40 (4,00-4,90) | > 0,05 | 5,68 (4,10-5,72) | 5,30 (4,79-5,80) | > 0,05 | < 0,05 | <0,05
Tpurniuepuaun, MMosb/n 1,30 (1,10-2,26) | 1,15 (1,10-2,26) | > 0,05 | 2,34 (1,14-3,30) | 2,16 (1,12-3,30) | > 0,05 | < 0,05 | < 0,05
m‘t”ﬂ%‘g?”;n”mgﬁ';ﬁo' 24(0,7-30) | 2,95(0,90-3,0) | >0,05 |3,12(0,84-3,32) | 3,09 (0,86-3,40) | >0,05 | < 0,05 | <0,05
ﬂlﬁiﬂlg‘gf”:wmmzﬁ‘};o' 1,45 (1,30-1,60) | 1,80 (1,68-1,95) | > 0,05 | 1,12 (0,84-1,55) | 1,34 (0,85-1,57) | >0,05 | <0,05 | < 0,05

TMpumitkun: P1 — pisHuysa Mixx rpynamm HopMorslikeMidyHUX ocié y nocTKoBigHOMY Ta OKOBigHOMY nepiogax; P2 —
mix xBopumu 3 ge6rotom L|J2 y nocTKoBigHOMY Ta BOKOBigHOMY nepiogax; P3 — mMixx HopmornikeMiYyHUMu oco-
6amu i xBopumu 3 geérorom |2 y noctkoBigHoMy nepiogi; P4 — mix« HopmorsiikeMidHUMu oco6amm i Xxsopumu 3

Aeérotom A2 y nokosigHOoMy niepioAi.

Tabnuys 2. 3aranbHa KinbKicTb NIeiKounTiB, evikoyntTapHui cknag 1a inHgexkc BHJ1 y xsopux 3 BriepLue
BusieneHum L2 i pizuum IMT B nocTkoBigHWI Ta BOKOBIAHUIA nepiofaun Ta 340pOBUX HOPMOTJIiIKeMiYHUX oci6
3 pisHum IMT nicns KoBigy Ta 6e3 nepeHeceHoro KoOpoHasipycHoro 3axsoptoBaHHsi (M = m)

Hopmornikemiyni oco6u Xsopi 3 pedtotom LiA2
TG : 3 |]I3-HHM IMT, n =181 : P1 : |p|3|_mm IMT, n =192 : P2 P3 P4
Micns kosigy, be3 kogigy, Micns Kosigy, be3 kosigy,

n=93 n=_88 n=98 n=94
TNeiikouuTn, 10%n 8,36 +0,13 6,16+0,27 |<0,001| 10,16+0,34 7,32 +0,16* <0 | <0,05|<0,001
Heiitpodbinu, % 66,33 + 1,02 58,37 +1,12 |<0,001| 70,82+0,79 62,44+135 [<0,001(<0,001| <0,05
Heittpodpinu,10%/n 5,54 £ 0,17 3,56+0,16 |<0,001 720+0,12 420+016 |<0,001| <0,05 |<0,001
Eo3uHodhinu, % 1,06 £ 0,13 2,01+025 |<0,001 1,46 +0,16 1,75+0,12 |<0,001|<0,001| >0,05
EoauHodpinu, 10%n 0,34 + 0,01 0,18 + 0,01 < 0,001 0,15+ 0,03 0,17 £ 0,01 <0,001|<0,001| >0,05
Bazodhinu, % 0,18+ 0,05 0,29 + 0,03 < 0,05 0,32 +0,09 0,43+0,09 <0,05 | <0,05| <0,05
bazodhinu, 10%n 0,01 +0,00 0,02 + 0,01 > 0,05 0,03 + 0,01 0,03 + 0,01 >0,05 | <0,05 | <0,05
MoHouutu, % 9,27 £ 0,18 7,36+0,39 |<0,001| 10,70+0,28 9,26 + 0,21 <0,001|<0,001|< 0,001
MoHouuTu, 10%n 0,77 + 0,03 0,45+0,05 |<0,001 1,06 + 0,02 0,68+0,02 |<0,001|<0,001]|<0,001
NimcboumTn, % 21,89 £1,17 31,09+1,13 |[<0,001| 16,70 +0,64 26,78 +0,63 [<0,001|<0,001|<0,001
TNimcpouutn, 10%n 1,83 +0,03 1,92 + 0,09 > 0,05 1,69 + 0,08 1,94 + 0,06 <0,05 | <0,05| <0,05
IHpekc BHN 3,03+0,15 1,85+0,12 |[<0,001 442 +0,17 2,33+0,10 |<0,001|<0,001| <0,05

TMpumitkn: P1 — pi3HULS MiXK rpynamm HOpMorslikeMiYHUX OCi6 y MOCTKOBIAHOMY Ta AOKOBIAHOMY niepiogax; P2 —
Mixk xBopumu 3 gebrotom LI]2 y nocTkoBsigHomy Ta goKoBigHomy nepiogax; P3 — mix HopmorsikeMi4HUMu oco-
6amu Ta xBopumu 3 geérotom LY/]2 y noctkoBigHomy nepiogi; P4 — miXk HOpMorniikeMiYyHuMu ocobamm i Xxsopumm

3 ge6rotom L|2 y nokoBigHWi nepion.

Tom 21, N2 1, 2025

www.mif-ua.com, https://iej.zaslavsky.com.ua

57



OpwuriHaAbHi AoocAipXeHHs / Original Researches

skl

Yy IOCTKOBITHMI TIepiod — SIK BiTHOCHOI, TaK i aOCOJIIOTHOI
X KiTbKOCTi. TakM YMHOM, 32 pe3ybTaTaMU JOCTiIIKEHHS
BCTaHOBJICHO, 1110 1e010T 1IJ12 B 0cib 3 piznuM IMT y mmoct-
KOBiTHOMY TIEPiOJIi XapaKTepU3yEThCSI 3HAYHUM BipOTiTHUM
HelTpodinbo3oM. [1oaiOHi 3MiHM CIOCTEpIiraan y XBOpux
IBOX rpyII 3 nedrotom LI/12 i 3 60Ky MOHOLINTIB MOPiBHSIHO
3 IBOMA IpyraMu HOPMOTJTiKEMiYHUX OCi0.

MoHouuTo3 0yB 00yMOBJICHUI, SIK BUIHO 3 Ta0J. 2,
3HAYHUM 30ibIIEHHSIM KUJTBKOCTI MOHOLIMTIB SIK Y TTOCT-,
TakK i B 10KOBigHOMY nepiomni. [linBuIieHHSI MOHOLIUTIB BU-
SIBJICHO TaKOX i B HOPMOTJIIKEMiYHUX 0OCi0 B aHAJIOTiuHi
nepioau. Ilpu mocnimkeHHi piBHS MOHOLIMTO3Y Yy Ipymax
xBopux 3 nedroTom LI/12 B TocT- Ta JOKOBIZTHOMY Ilepiogax
OyJIO BCTAaHOBJIEHO 30i/bIIIEHHS KiTbKOCTIi MOHOILIUTIB y
nocTKoBimHOMY Tiepiomi. [Ipu mocmimkeHHi piBHS JdiMbo-
LIUTIB Y IBOX Tpynax XBopux 3 nebwotom LIJ12 mopiBHSIHO
3 IBOMa rpynaMy HOPMOIIKEMIiYHUX 0ci0 Oyj10 BUSIBIIE-
HO 3HaYHe 3MEHIIEeHHS KiJIbKOCTi JiMponuriB (Tadi. 2).
IIpoTe MakcuMaibHe 3MEHIIIEHHS KiJIbKOCTi JiM(OLUTIB
BU3HAYaIu y XBopux 3 nediotoM LIJI2 y mocTkoBigHOMY
nepioli MOPiBHSHO 3 TPYIIOI MalieHTiB 3 AedroTom LIJ12
y nDoKoBimHOMY mepioni. Takum 4mHOM, 3a pe3yJbTaTaMu
JOCJIiIKEHHSI BCTAHOBJICHO, 1110 1e010T LI/12 B 0cCib 3 pizHUM
IMT y noCTKOBiZHUIA MePioa CYIMPOBOIXKYETHCS 3HAYHOIO
JiMbOLIUMTOIEHI€I0, 0 3yMOBJIEHA iIMyHOCYTPECUBHUM
BIUIMBOM $IK KOBidy, Tak i Boepiie BusiBieHoro 1112, Ha
npotuBary xsopum 3 pizHuM IMT 3 me6rotom LI12 y moko-
BimHUI Tepiof, y SIKUX JiM(OLUTONEHIsI 3yMOBJIeHA JIMILIEe
HAasIBHICTIO 3aMaJIeHHsI HU3bKOTO CTYTIEHS, 1110 € KJII0YOBOIO
o3Hakolo nebroTy LI/12 y noKoBigHMit TTepion. 3a pe3yibTa-
TaMM JOCTiIKEHHS TaKOX BCTAHOBJIEHO, 1110 Ae0oT 11/12 B
0ci0 3 pisHuM IMT y rTocTKOBinHMIT TIepion acouiioBaHMIA
3i 3HaUHUM TiaBuILeHHIM iHaekcy BHII, sikuii € Mapkepom
MaKCUMAaJIbHOTO MiIBUIIIEHHS PiBHS CUCTEMHOTO 3aTajieH-
H$1'y XBopux 3 febtorom LI/I2 Ha T/1i MOCTKOBIMY, 1110 TAKOXK
30ira€ThCs 3 pe3yJibTaTaMu MyoJiikaliii iHmx aBTopis [16].

[ani, oTpMaHi HaMU MPU MPOBEAECHHI MPOTOYHO- 1M -
TOMETPUYHOIO JOCTIIKeHHSI CTaHy iMyHO(EHOTHUITY JTiM-
douwmTiB kposi (CD3+, CD4+, CD8+, CD20 i CD56+

T-ximiTuHM), TTOKa3aau, Mo IS TPYIIM XBOPUX 3 BIIEpIIe
BusiBiieHuM L1J12 y MocTKOBigHUIA TIepion XapaKTepHe Bi-
pOrimHe 3HMKEeHHS OUTBIIOCTI CyOITOMmyJIsiiil JiM(pOIUTIB
MOPiBHSTHO 3 XBOPUMM i3 Briepiie BusiieHuM LIJ12 y noko-
BiIHMII MIepiof Ta, BiIMOBiIHO, IpynaMy HOPMOTTiKeMiYHUX
0ci0 y JOKOBiIHMIA Ta ITOCTKOBITHMI TTepioau, 110 Hapasi
BKJIQJIA€EThCS B KOHUEMILLiIO0 MaTOr€HETUYHOTO PO3BUTKY
/12 y mocTKOBimHMIA ITepio, Ipy SIKOMY HaMOIbII Bpa3-
JIMBUM € JIAHIIOT TPUPOIHOTO iIMYHITETY, 110 HaWOIbIIT
yikomkeHuii pu ae6iori LJ12 Ha Ti1i mepeHeceHoro Ko-
pPOHaBipyCHOTO 3axBOploBaHHS (TabJ1. 3).

JlaHi, 1110 OTprMaHi B po0OTi, 30iratoThCs 3 pe3yabTaTaMUu
JOCJTIIKEHD 1100 1IbOTO MUTAaHHS iHIIMX aBTopiB [17—19].

IIpu po3nonini Bciei 06CcTeXKyBaHOI KOTOPTU XBOPUX 3
Briepire BusBieHuM LIJI2 K B moKoBigHUMIA mepion, Tak i
Ha TJIi HOCTKOBIAY Ha YOTUPU MiArpymnu 3aaexxHo Big IMT:
< 25,0; 25,0—29,9; 30—34,9; 35 kr/m? i Bule OyIu OTpU-
MaHi OiJIbII CTPYKTYpPOBaHi Ta 4iTKO OKpecCJeHi JaHi Mmpo
3MiHY KiJIbKOCTI cyornonyisuiii CD3+, CD4+, CD8+,
CD20+, CD56+ T-nimdountiB. BUKoHaHI AOCTIIKEHHS,
SIK BUIHO i3 Ta0J1. 4, TPOAEMOHCTPYBAIU, 1110 Y XBOPUX 3
nebrotom L2 y mokoBigHwmii mepion i pizaum IMT mokas-
HUKW BCiX TOCHTiIKyBaHUX cyoronyisauiin T-riMbounTiB
OyJM pi3Ko 30inbIeHi. MakcuMaibHi 3MiHU B CyOMOITy-
JISIUIHOMY CKJIali Big3zHavyain y XBopux 3 aedrotom L2 i
IMT 35 kr/m?i Builie. Y XBOPHUX Xe 3 yIepliie BUSIBIEHUM
1112 B mocTKoBimHMit Tiepion i pisHuM IMT Bin3HavaeThCst
a0COJIIOTHO MPOTUJIEXKHA 3AJIEXKHICTh — MOKA3HUKHU BCiX
IOCITimKyBaHUX cyormomnysuiit T-miMbounTiB Oynmm pizko
3HUKEHI MOPIBHIHO SIK 3 HOPMOTJIIKEMIYHUMU 0CO0aMu
B MOCTKOBITHUI i TOKOBITHUI MEPio, TaK i 3 XBOPUMU Ha
Briepuie BusiBiaeHuit LI12 y nokoBigHuit nepion 3 pisHUM
IMT, npuyoMy CTyHiHb LIOTO 3HUKEHHSI BipOTiTHO KO-
penoBaB 3 rporpecyiounm migsuieHHIM IMT (ta6m. 4).

O6rosopeHHs

Pe3ynbTaTi BAKOHAHOTO TOCTiIKEHHS IEMOHCTPYIOTh,
o 1npu aedroTi /12 y moKoBigHUI nepion BUSIBISIETHCS
MiABAIIIEHHS MaliKe BCiX cyOoromysiii JiMbouTis, 3a

Tabnuys 3. BigHocHa i abCoIIOTHA KifbKicTb slimgboynTis pi3HOro iMyHogheHoTUny y XBopux 3 BriepLue
susisneuum U2 i pisHum IMT y nocTkoBigHOMYy Ta [OKOBiBHOMY riepiogax Ta 340p0BUX HOPMOIJlIKeMiYHUX OCi6
3 pisuum IMT niicnsi KoBigy Ta 6e3 nepeHeceHoro KOpoHaBipycHoOro 3axsoptoBaHHs (M £ m)

ImyHotheHoTHn HopmorniKeMi-_mi XBopi Ha Llﬂ? HopmornikemiyHi | XBopi Ha _unzv
niMdouuTie CD ocuﬁu_n AOKOBIfi- | B IOKOBIHMA P4 oc_uﬁu B NOCT- | Y NOCTKOBIHYIA P3 P1 P2
HUA nepiog nepiop KOBif{HHil nepioa nepiop

CD3+ T-kniTuHN, % 56,91 + 0,41 58,69 +0,57 |<0,05| 5512+0,21 54,02+0,16 | <0,05|<0,05| <0,05
CD3+ T-kniTuHu, 10%n 1,07 £ 0,01 1,13+ 0,03 < 0,05 1,01 £0,02 0,86 0,03 <0,05 | >0,05| <0,05
CD4+ T-knituHu, % 36,49 + 0,41 39,94+£058 |<0,05| 3527+0,31 31,37£0,18 | <0,05 | <0,05| <0,05
CD4+ T-kniTuHm, 10%n 0,69 £ 0,01 0,88 + 0,02 < 0,05 0,64 0,01 0,59 + 0,03 <0,05 | <0,05 | <0,05
CD8+ T-kniTuHu, % 22,08 + 0,41 23,79+0,53 |<0,05| 21,03+£0,12 19,31+0,53 | <0,05|<0,05|<0,05
CD8+ T-kniTuHu, 10%n 0,41 £0,03 0,48 £ 0,02 < 0,05 0,39 0,01 0,36 + 0,01 <0,05 | <0,05 | <0,05
CD20+ T-knituHu, % 10,51 +0,25 11,55+023 | <0,05 9,12 +0,21 8,15+0,31 <0,05 | <0,05 | <0,05
CD20+ T-kniTuHm, 10%n 0,20 £ 0,02 0,22 + 0,01 > 0,05 0,18 £ 0,01 0,15+0,01 <0,05|>0,05| <0,05
CD56+ T-KniTuHU, % 10,21 £ 0,21 11,34 +028 | <0,05 9,10£0,13 8,02 £0,10 <0,05 | <0,05 | <0,05
CD56+ T-kniTuHm, 10%n 0,20 £ 0,03 0,25 0,01 < 0,05 0,17 £ 0,01 0,14 £ 0,01 <0,05 | <0,05 | <0,05

Mpumitkn: P1 — pi3HULS MiXK rpynamyn HOpMOrslikeMiYyHUX OCi6 y NMOCTKOBIAHWUI Ta [OKOBIAHUNA nepiogn; P2 —
mix xBopumMu 3 geérotom LI[J2 y nocTKkoBigHMi Ta BOKOBIAHWI nepiogn; P3 — mix HopmornikemiyHumMm ocobamm i
xBopumu 3 geérotom A2 y noctkoBigHuii nepion; P4 — Mix HopMornikeMiYyHUMu oco6amm i XBopumMu 3 eb61oTom

uAaz2 y nokosigHmii nepion.
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Gbinb0o3y, MOHOLIMTO3Y Ta

30inbIeHHs iHaekcy 3ananeHHst BHJIL, 1o B cy-
KYTTHOCTi € MapKepaMu CUCTEMHOTO HU3bKOIpa-
nmientHoro 3ananeHHs [20, 21]. Y xoropti xBo-

Li€T KOropTH MalLi€HTIB MiABUIIEHI MOKAa3HUKHU
JIEKOLIMTO3Y, HEUTPO

BuHsITKOM CD20+. OTprmaHi pe3ynbraTu 30ira-
I0ThCS SIK 3 MOMEePeAHIMU HALIMMU JaHUMM, TaK
13 JaHMMU iHIIUX aBTOPIB, SIKi TAKOXK BUSIBUIIN Y

pux 3 Briepiie BusBieHuM LIJ12 y mocTkoBinHui
nepion i pizaum IMT, HaBnaku, Oys10 BUSIBIEHO,
3a TaHUMU Haloi poOOTU, MPOTpecyroue 3HU-
JKEHHS BCiX cyOmomyJsiiiii 1iMm¢poLuTiB HA TJIi

Pi3KO 30ibIIEHNUX MOKA3HUKIB JICHKOLIMTO3Y,

MOSICHIOBATU HAJABUCOKMUI PiBeHb 3amajeHHS
B MMOEAHAHHI 3i 3HMXKEHHSM iIMYHO(DEHOTUITY
JiMdouuTiB y xBopux 3 AedrotoM LIJI2 i pisHuM

(inbo3y, MOHOIIMTORY, iHIEKCY 3anajeH-
IMT y nocTkoBimHuii iepion. IToscHeHHIM 1IUX

s BHJI Ta nimponuroneHii.
Takum ynHOM, OTpUMaHi HAMU JaHi MOXYThb

HEWTPO

MpoLEeciB MOXe OyTH Te, 10 y XBOPUX 3 1e00-
toM 11JI2 y TocTKOBimHMII mepion BimOyBa€eThCS
HalllapyBaHHSI 3aMaJlbHUX MpPOILIeciB Ha BXe ic-
HyloUYe CUCTEeMHE HU3bKOTPAJTiEHTHE 3araJeHHS
3 TIPUETHAHHSIM iIMYHOCYITPECUBHOI'O CTaHY, 1110

MpUTaMaHHMI KOBiny, SIK MOKa3yIOTh Hallli JaHi

[20, 21] Ta mani iHmmx aBTopiB [22, 23]. Came 11e
MOETHAHHS Tillep3anajeHHs] Ta iMyHoCyIpecii
MOXe TMOSICHIOBATH OiTbII YCKIaIHEHUU Trepe-
Oir KoBimy, IO CIIOCTEpiraBcs came y XBOpUX

Ha /12 [24]. OTpumaHi HaMu JaHi IMTOBHICTIO
MiATBEPIKYIOTh iCHYIOUY Ha ChOTO/IHI KOHIIETI-

11110 TIpo Te, 1110 Brepiie BussiaeHuii LIJ12 B ocio
3 pisHuM IMT — 11e 3axBOpIOBaHHS, B OCHOBI
SIKOTO JICKUTh HU3bKOTIPAJliEHTHE 3aIlaJIeHHsI,
IO € MiArpyHTIM gk mrsa LJ2, tak i mis Ham-
JIMIIIKOBOI Macu Tijia/OXUPiHHS. Y XBOPUX 3
nebroroM LIJI2 i pisnum IMT y nmocTKkoBigHuMiA

nepiof BiOyBa€eThCSI HAIIAapYBaHHS 3aMmaibHUX

MpOLECiB y MOEAHAHHI 3 iIMyHOCYIIpeci€lo, 1110
MIPU3BOAUTH 00 30iMbIICHHS nucOaaHCy MixX
Mpo3anajbHUMU Ta aHTU3AIAJIbHUMU CyOTIO-
nyasaigsMu T-1iM¢pOuuTIB, i LIe TPU3BOIUTH
JIO TOJAIBIIOTO MOCUJIEHHS MAaTOJIOTiYHO TO-

PYIIEHOIo iMyHHOTO cTaTycy, 3o0kpema CD4+
T-xiThH, sIKe 3yMOBJTIOE OLTBIT TSKKUI KITiHIY-

U MinBUIILYE pU3UK

0ir 3aXBOpIOBaHHS
PO3BUTKY KOMOPOiTHUX YCKIIaTHEHb.

HUM 1Iepe
BUCHOBKMU

Hnst xBopux 3 ynepiie BusisineHum LIJ12 y

GboLUTIB, IKe MAKCUMaJIbHO BU-

MOCTKOBIIHUM Mepios XxapaKTepHe 3HUKEHHS
BMICTy B ITlepudeprUyHiii KpoBi OUIBIIOCTI Cy0-

TOMYJISILIM JTimM
OTPUMAaHMX pe3yJIbTaTiB BJIACHUX IOCIIIKEeHb i

pakeHe IMPpU CYIyTHbOMY OKHPiHHi, 1110 CBiTYUTD
PO IMyHOCYTPECUBHUI BILUTMB KOPOHABIPYCHOTO
3aXBOPIOBAHHS HAa CTaH IMyHHOI CCTEMU Y XBO-
pux 3 nedtoroM LIJ12 y moctkoBiqHM niepior i
piznuM IMT. Takum yHOM, Ha ITiJCTaBi aHATI3Y
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JaHMX JTiTepaTypy MOXHA IINTA BUCHOBKY, III0 3MiHU B CTaHi
iMYHOJIOTIYHOTO (heHOTHUITY, SIKi BUSIBJISIIOTBHCSI Y XBOPHUX 3 JIe-
ororoM LIJ12 y noxoBimHOMY mepiomi it pisHum IMT, 3ymoB-
JieHi noeaHanHsaM 12 Ta HAAIMIIIKOBOT MacH Tijla/OXUPiH-
H$I, @ y XBOpUX 3 Brepiie BussaeHuM 11J12 y mocTkoBinHMiA
Mepiof A0 IbOTO KJIACUYHOTO TTOETHAHHS TIPUETHYETHCS 11Ie
11 iIMYHOCYIIPECUBHUI CTaH KJIITUHHOTO iMyHiTeTy [25].

3Baxaro4u Ha IIe, Ha ChOTOOHI Hale(heKTUBHIIINMU
nperapaTamMu IS Tepaltii XxBopux 3 nedrotom LIJ12 y moct-
KoBigHUi1 nepion i pizauM IMT, K 1eMOHCTPYIOTh HaHi
HAIIIOTO IOCiIKEHHSI, BAPTO BBaXKaTH Ti, SIKi MOPSI 3 11y-
KPO3HMXXYBaJIbHOIO Ti€I0 CIIPABISIOTH 1€ ¥ MOTY>KHUM
iMYHOMO/IYJIIOIOUMIA BIUIMB HA CTaH iMyHO(MEHOTHUITY JTiM-
(oLUTIB KPOBI.

KondurikT inTepeciB. ABTOpU 3asiBJISIIOTH PO BiZICYTHICTb
KOHIIIKTY iHTepeciB Ta Bl1acHOI (DiHaHCOBOI 3alliKaBIeHO-
CTi ITpY MiATOTOBI JAHOI CTATTi.

Indopmanis npo dinancyBanna. CtaTTs MiAroToBiaeHa
B paMKax OromkeTHoro ¢iHancyBanusga HAMH Ykpainn
3a TUIAHOM HayKOBO-JO0C/iNHOI poboTn «ONTUMi3yBaTH Ta
BIIPOBAJIWTH MiarHOCTUYHI, TepaleBTUYHI Ta mpoditak-
TUYHI aJITOPUTMU HaJaHHSI MEIMYHOI JIOTIOMOTH XBOPUM i3
LIYKPOBUM JiaGeTOM Ha TJIi CUCTEMHUX CTPeC-iHIyKOBaHUX
MOpylIeHb eHAOKPUHHOI Ta iIMyHHOI CUCTEMU, 3yMOBJIE-
HUX BOEHHUMM HisMU» 1Y «IHCTUTYT eHOIOKPUHOJIOTII Ta
obMminy peyoBuH iM. B.I1. Komicapenka HAMH Ykpainn»
(Homep nepxxaBHoi peectpartii: 0123U100933).

Buecok aBropi. [1ormoBa B.B. — kepiBHULITBO po0OTOIO,
penaryBaHHsI CTaTTi Ta epekiiaza pestome; Kymikosebka I'.B.,
T'erbman H.B., Jla6aneus f.1., @ypmanosa O.B. — anani3
JIiTepaTypHUX JIKepesl, HarucaHHs, oopmiieHHs ; JIaBpi-
HeHko O.E. — Ha6ip ta oocrexxeHHs1 xBopux; Kos3yH O.1. —
aHaJIi3 JiTepaTypHUX JKepesi, HalucaHHs, 0(OPMIICHHS,
penaryBaHHs TEKCTy Ta nepekian; TpoHbko M.JI. — imes
po0OTH Ta KOHCY/IbTALlil IPY peaaryBaHHi CTaTTi.
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The state of the immunophenotype of blood lymphocytes in patients
with newly diagnosed type 2 diabetes in the post-COVID period

Abstract. Background. Today, the indicators of the subpopulation
blood composition are one of the key characteristics of immune
function. These parameters are of particular importance in patients
with newly diagnosed type 2 diabetes mellitus (T2DM) in the post-
COVID period. However, research data on the state of the lympho-
cyte immunophenotype in patients with newly diagnosed T2DM
with different body mass index (BMI) in the post-COVID period are
extremely scarce and controversial. Aim of the study: to determine
the lymphocyte immunophenotype (CD3+, CD4+, CD8+, CD20+
and CD56+ T cells) in the blood of patients with newly diagnosed
T2DM with different BMI in the post-COVID period. Materials and
methods. The study involved 98 individuals with the onset of T2DM
that occurred within 3 months after COVID-19, with different BMI,
and 94 patients with the onset of T2DM in the pre-pandemic pe-
riod and with different BMI. The comparison groups consisted of
93 normoglycemic people who have suffered coronavirus disease,
with different BMI, and 88 normoglycemic people with different
BMI without COVID history. The examined subjects were divided
into 4 subgroups depending on BMI: 1) < 25.5 kg/m?; 2) 25.9—
29.9 kg/m?; 3) 30.0—34.9 kg/m?; 4) > 35.0 kg/m?. The lymphocyte
immunophenotype in the blood was determined by flow cytometry

using a FACStar plus laser cytofluorimeter and a panel of monoclo-
nal antibodies to lymphocyte membrane antigens. Results. Patients
with TD2M in the post-COVID period were characterized by a sig-
nificant decrease in the absolute number of all lymphocyte subpopu-
lations compared to pre-COVID patients and normoglycemic people
before and after COVID. When distributing patients into 4 subgroups
according to BMI, a progressive decrease in CD3+, CD4+, CD8+,
CD20+ and CD56+ T cells was revealed compared to those with
newly diagnosed T2D before COVID-19, in whom, on the contrary,
a progressive increase in all lymphocyte subpopulations was noted.
A similar increase in the absolute number of CD4+ T cells depending
on BMI was also noted in normoglycemic individuals, but it was less
pronounced. Conclusions. Patients with newly diagnosed T2DM
in the post-COVID period were characterized by a decrease in the
number of all lymphocyte subpopulations in the peripheral blood,
which is most pronounced in concomitant obesity. It indicates the
immunosuppressive effect of coronavirus disease on the state of the
immune system in patients with the onset of T2DM in post-COVID
period and with different BMI.

Keywords: type 2 diabetes mellitus; obesity; immunity; lymphocyte
immunophenotype; COVID-19
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Nembpuik I.C., KocTiubka I.O., XKungk O.B., CapeusiH E.A.,
KyamHnd A.O., LLleneep C.A., XpyHsik O.T.

IBaHO-PPAHKIBCHKIN HALIOHQABHUT MEANYHWV YHIBEPCUTET, M. IBOHO-OPaHKIBCHK, YKpAIHQ

ANCOYHKUINA riNOTOAAMYCAO Ny6epTATHOro BIKY:
eniaAeMioAori, YUHHUKU PU3UKY,
OCOOBAMBOCTI KAIHIYHOro nepeobiry

TA HOCAIAKM NATOAOTIT Y AOPOCAUX

PesloMme. AkTyanbHicTb. [JucyHkuis rinotanamyca ny6epTaTHOro BiKy HANeXuTb [0 MOLUIMPEHNUX eHOOKPUH-
HO-O0OMIHHMX 3aXBOPIOBaHb, LLO CYNpPOBOLXYE CTaAHOBJIEHHS CTaTeBOI (PyHKUIi, cTae (hOHOM abo MPUYMHOK L4718
PO3BUTKY cOMatun4HOI natosorii 3 Hacrnigkamu y gopocsiomy Biyi. MeTa: BUBYUTY HacToTy, YUHHUKU PUIUKY,
0COo6/IMBOCTI KIIHIYHOrO nepeobiry aMcyHKUii rinotanamyca 1a Hacnigkv uiei natonorii y gopocsimx nayieHTis.
Marepianu ta metoan. lNpoaHanizoBaHo 701 HayKoBy npauro 1aTUHULE 38 AaHUMU HayKOMETPUYHOI MoLLy-
KoBoi cuctemu PubMed Ta 82 pgxepena kupunuuero 3a octaHHi 10 pokiB. SAIICHEHO peTpoCreKTUBHWY aHarsi3
MeanyHOI JOKYMeHTauii Ta pe3yneTaTtiB fikyBaHHA nignitkis (n = 130; toHakn — 88 (67,7 %) Ta pis4yata — 42
(82,3 %); cepenHivi Bik — 15,10 + 1,03 poKy) i3 AucebyHKUjero rinoTanamyca nybepTaTtHoro BikKy. BusuyeHo Hacrigku
AvcbyHKUIT rinotanamyca ryéeptaTHoro Biky y Aopocsnx navieHtis (n = 40 nayieHTiB: 28 (70,0 %) 4onosikis Ta
12 (30,0 %) xiHoK, cepenHivi Bik — 18,10 + 0,03 poKy), siki OTpuMyBan MeANYHY JOMNOMOry Ha KiiHiYHMUX 6a3ax
IBaHO-PpaHKIBCLKOro HayioHaslbHOro Meau4yHoro yHisepeutety B nepioq i3 ciyHa 2014 go rpyaHs 2024 poky.
Pe3ynbtratn. Cepen YHHUKIB pU3NKY BUHUKHEHHST AUMCQYHKLIT rinoTanamyca y aitevi [MNpukapnatTs nepesaxa-
toTb cTpec (90,0 %) vi xpoHidHi iHgekwii JIOP-opraHris (83,0 %). HaviGinbLu noLumpeHuMm KiHiSHumu ¢ghopmamm
3axBoproBaHHs € BeretocyamHHa (32,0 %) Ta amiuaHa (44,0 %). [Jo 0OCHOBHUX CUMITOMIB Haexartb rosI0BHUI 6irlb
(100,0 %), HapgnviukoBa Bara (98,0 %) Ta 3anamopo4eHHs (95,0 %). Y nayieHTiB Bikom cTapLue 18 pokis Bu3Haqe-
HO MPOrHOCTUYHO HECTIPUATITNBI YNHHUKU, Cepes SKUX po3niaan Xxap4oBoi noBeniHKk1, 30Kpema CUHLPOM HIYHHOro
nepeipaHHs (20,0 %), LL4O CyrnpOBOAXKYETLCS HAAMLLKOM macu Tina (12,5 %) abo oxupiHHaM (87,5 %), a Takox
MOpYyLLEHHSIM BYITIeBOAHOIro 06MiHy (npepiabet — 7,5 % [ocnigxyBaHuX, UyKpoBuii giabet 2-ro tuny — 5,0 %).
Oco6mBy Hebe3rneKy CTaHOBUTL PO3BUTOK MOPBIAHOIO OXUPIHHS, sike BusiBreHo y 30,0 % [opocinx nayieHTiB i3
avcepyHKuiero rinotanamyca. BucHoBku. [lepcoHanizosaHwii nigxig 4o paHHLOI AiarHOCTUKM Ta BEAEHHS XBOpUX
i3 gucepyHKUiero rinotanamyca [O3BOSISE YAOCKOHAINTY TEPANeBTUYHI anropuTMu Ta nigBuLYNTU eheKTUBHICTb
JliKyBaHHs1 KOMOP6IgHOI NaTosnorii' y Monoaux nayieHTis.

Knto4osi cnosa: ny6epratHuii Bik; AuceyHKLUIS rinoTanamyca; OXupiHHS,; npegiabeT; LyKpoBuii fiabeT 2-ro Ty

Bctyn

l'imoTamamyc — 9acTrHA IPOMIZKHOTO MO3KY, IO CKJIa-
TMAETHCS 3 KiJTbKOX HEBEJIMKUX SIAEP, SIKi BUKOHYIOTh Pi3Hi
dizionoriuni ¢pyHKIii. OgHiIEIO 3 OCHOBHUX (DYHKIIIN Tilo-
TajaMyca € MiATpUMaHHS TOMEeOCTa3y IUISIXOM KOHTPOJIIO
€HIOKPUHHOI Ta BeretTaTuBHOI (pyHKIii [1, 2]. BomHouac
BiH Oepe yJacTb B iHIIUX (DYHKILISIX, SIK-OT PEeTyJIsILisl TeM-

repaTypu Tijia, aneTUTy Ta Baru; MOJIOTU; 3pOCTaHHS; BUPO-
OJIEHHSI TPYIHOTO MOJIOKA; IIMKJIIYHICTh COH — HECIaHHS;
CTaTeBUIiA MOTAT; TIPOsIBa eMOILili Ta TTOBEIiHKY |3, 4].
JuvcoyHKIIig rimoTtajaMyca MOXe BUKIMKATHU Pi3Hi
03HaKM Ta CUMIITOMH 3aJIE3KHO Bil KOHKPETHOI ypaxkeHO1
nisiHky. KUliHiuHiI posiBY 3a1eXkaTh Bill ypaxKeHUX siaep
rimoranamyca Ta ix ¢yHkuiii. [IeBHi 03HaKM Ta CUMIITO-
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MU MOXHa MPOCTEXUTHU 0 MEBHOT aHATOMIYHOI TiJISTHKU
yepe3 110 (PYHKIIOHAJIBHY OpraHi3ailito BcepeauHi rino-
Tajmamyca [3, 6].

HMucdyHKilis rimotanamyca rmyoepratHoro Biky (JIT'TIB)
(CMHOHIMU: TiMoTaJlaMiYHNI CUHIPOM, IOHALILKUIA TUCIIITY-
iTapu3M, IOHAIbKU NieHIIeabHU CUHIPOM, FOHALIBKUI
0azodiniaM, mieHiedanbHa rinepaHaporeHis, rimoraia-
MiuHa ameHopes (PYHKIIIOHATIBHOTO XapaKTepy) HaJeKUTh
IO HAOUIBII MOIMPEHUX EHIOKPUHHO-OOMiHHUX 3aXBO-
pIOBaHb y MiIJIITKOBOMY Billi Ta XapaKTepU3YETHCS IO~
PYIIEHHSIM BCiX BUIiB OOMiHY; KOMIIJIEKCOM OOMiHHUX,
€HIOKPUHHUX, TPODIUHNX, BETETATUBHUX, CEKCYATbHUX
Ta MCUXOCOMATUYHUX MTOPYIIEHb, SIKi MalOTh BilTaaeHi Ha-
cJliiKu B MaitoyTHboMYy [7, 8].

Sk BimoMoO, B TIEPCIIEKTHUBI y L€l KOTOPTU TAIli€HTIB
MOXKJIMBUM pO3BUTOK MOPOiITHOIO OXWPiHHS, MpeaiadeTy
a6o mmykpoBoro giadety 2-ro tuny (L1/12), aprepiaabHoi
rinepTeHsii, arepockiepo3y, MopylIieHb OBapiaibHO-MEH-
CTPYaJIbHOTO LUKJY, CUHAPOMY IOJIiKiCTO3Y SIEUHMKIB,
a 1Ie CYTTEBO TMOPYIIYE SIKiCTh XUTTSI XBOPOTO, (hOPMY€E
HeCNpUITAMBUI MPorHo3 oo [9—13].

AT'TIB (mmgp 3a MKX-10 — E.23.3) — marosoriyHumit
CUMIITOMOKOMILJIEKC, 10 HEPiIKO CYMPOBOIXYE Tepion
craTeBoro no3piBaHHs moauHu (10—15 pokiB), 3ycTpiva-
€TbCs NMPUOJIN3HO B 5—6 % aiBuaTOK uepe3 2—3 pOKH Iiic-
JIsl TIOSIBM TIEPIIMX 03HaK MeHapxe [14, 15]. 3rogom itoro
CUMITOMHU BUSBISIIOTH Y 12,5—17,5 % XiHOK pernpoayk-
TUBHOTO BiKY 3 po3jalaMUu OBapialbHO-MEHCTPYaJIbHOTO
UKy (cepenHiil Bik MaHidecrallii CHMITOMIB CTAHOBUTh
31—40 pokiB), it HaBesieHI LTM(PU HE BUSIBJISIIOTH TEHIEHIIIT
JI0 3HMKEeHHS [16].

OCKIiJIbKM IS TIATOJIOTiSI OXOIUTIOE KiJIbKa MEIUYHUX
crieliaJbHOCTel, SIK-OT MeaiaTpis, Tepaltisi, TiHEKOJIOris,
HEBPOJIOTisI Ta €HAOKPUHOJIOT ST, BUBYCHHS] ii ITOTCHITIMHIX
HaCJIIKiB y JOPOCAOMY Billi CTa€ HaA3BUYAMHO aKTyalb-
HuM. lle no3Bossie 3a6€3MeYnUTU CBOEYACHY AiarHOCTUKY
Ta po3pOOJIATH ONITUMAJIbHI KOMIUIEKCH TeparieBTUUHO-pe-
abimiTaluiliHUX BTpy4YaHb, CIIPSIMOBAHUX Ha MOKpPaIleHHS
SIKOCTI XKUTTSI MAIli€HTIB y MaliOyTHHOMY.

Meta: BUBUMTH €IiAeMiONOrii0, YAHHUKU PUBUKY, OCO-
O0mBOCTI KITiHiYHOTO niepebiry JII'TIB.

MaTepiaAn Ta MeToAmn

3rinHo 3 TU3aitHOM JTOCIIKEHHSI, Ha TIepIIOMY eTarti
npoBeneHo aHati3 701 HayKoBOI Mpalli JaTUHUIIEIO B HAYKO-
METpUYHIiil moiryKoBiit cuctemi PubMed ta 82 — kupuiu-
11eto 3a octaHHi 10 pokiB, i3 3aCTOCYBaHHSM KJIFOUOBUX CJTiB
«aUCGYHKIIIS TimoTayamyca IIy0epTaTHOIO BiKy», «ITiIJIiT-
KW», «IOPOCHi», «KJTiHiKa».

Ha npyromy erami mociimKkeHHs 30iliCHEHO PETPOCIIeK-
TUBHUI aHaJIi3 MEIMYHOI MOKYMEHTAILIil Ta pe3yJIbTaTiB JIi-
KyBaHHS mimniTKiB i3 JI'TIB.

JliarHO3 B 00CTEXEeHUX Ialli€HTIB IiATBEPIKEHO HA OC-
HOBi KOMIUIEKCY KJIiHiKO-1a60paTOpHO-iHCTPYMEHTAIBHUX
obcrexxeHb. [IpoBeneHO meTaabHUIA 30ip CIMEeITHOTO aHaM-
He3y, aHaMHe3y 3aXBOPIOBaHHSI, aHaJIi3 TEMITiB 30iIbLICHHS
3pOCTY Ta MacH Tijia Bil HAPOMXKEHHS 10 MOMEHTY 00CTe-
KeHHs1. BuzHaueHo iHaekc macu Tina (IMT), okpyXHicTh
tazii (OT) ta creron (OC), aprepiajibHUI TUCK, piBeHb
CTaTeBOTO PO3BUTKY, MOKA3HUKU BYIJIEBOJHOTO OOMiHY

(TITI0K03a HAaTIIE, TECT TOJIEPAHTHOCTI 10 TIIOKO3U, iHIeKC
incyninopesucteHTHOCTI HOMA-IR) i3 ypaxyBaHHSIM BiKO-
BUX HOpM. JloCmimKeHo JiMmiIHi CKIam KpoBi (3araabHuii
XOJIECTEPUH, TPUTJIILIEPUIMN, XOJECTEPUH JIMONPOTEIHIB
BUCOKOI IIJILHOCTi), Koaryjorpamy, a TakoX BUKOHAHO
TOpPMOHaJIbHI 00CTeXXeHHsI (KOPTU30J Y CUPOBATIli KPOBI,
cymapHi 17-kerocrepoinu y 1000Biii ceyi).

VY pa3si nopyliieHb CTaTeBOro JA03piBaHHS BU3HAYWIN
PiBHIi JTIOTEIHI3yI04OT0 TOPMOHY, (OTIKYITOCTUMYTIOI0YOTO
TOPMOHY, TECTOCTEPOHY, €CTpamiony, mpojakTuHy. [1po-
BEICHO 3aTaJIbHOKJIiHIYHI OOCTeXEHHS JJIsI BUSIBJICHHS
comatuyHux 3axBopioBaHb (EKI', ynbTpaszBykoBe mocii-
JDKeHHSI ceplisl Ta KOPOHAPHUX CYIWMH, IIMTOIOAIOHOI 3a-
JI0O3U, BU3HAYEHO KiCTKOBUII BiK, peHTreHorpadis yepena
y IBOX MPOEKIIiSAX). 3a MOTPeOU Mali€eHTiB KOHCYJIbTOBAHO
BY3bKOITPOMITEHUMH CIIELiaTiCTaMU: HEBPOJIOTOM, O(pTalIb-
MOJIOTOM, TeHeTUKOM Touio [17—19].

VYci obcTexxeHHSI BUKOHAHO 3 IOTPUMAaHHSIM MOpaJjib-
HO-eTUYHUX HOPM 0iO€TUKHU BiAMOBIAHO M0 MPUHIIMUIIIB
lenbciHchbKOI mekaapailii Ta YMHHOTO 3aKOHOIaBCTBA
Ykpainu.

[MimriTk oTpuMyBaly IIOKBAapTaJIbHUN KypC Tepa-
Iii, a MpY 3arOoCTPEHHI Mpollecy — I03a4eproBUii ajro-
PUTM JIiKyBaHHS 3 JOTPUMAHHIM MPUHIUITIB XapuyBaHHSI,
HOPMYBaHHSI PeXUMIB Tpalli Ta BiAMOYUHKY, KOPEKIIil
HEBPO3HUX CTaHiB, caHallil XxpOHIYHMX BOTHUI iH(pEeK-
mii. 3a moTpedu (MUCMeHOopes, IUCTOPMOHAIbHI KPOBO-
Tevi, BTOpMHHA aMeHOopesl, 3aTPUMKa CTaTEBOTO PO3BUTKY
TOIIO) MiATiTKaM BiKOM BiJ 16 pOKiB IPOBOAMIN TOPMOHO-
Tepartilo.

Ha nactynmHomy eTari nocimkeHHs (BiK XBOpUX — I10-
Haz 18 pokiB) yyactb npomosxuiu uiie 30,8 % mimiTKis,
3aJlydeHUX 10 nonepenHboro eramny. Ilicas minnmucaHHs
iH(pOpMOBaHOI 3roau IO YYACTi Y JOCTiMKeHHi 0yJ10 00-
ctexxeHo 40 nauieHTiB (28 4onoBikiB Ta 12 XiHOK) i3 quc-
¢yHKIIi€EIO TimoTazamyca.

Binomuii dakT, 110 B 0cib i3 nucdyHKIli€o rinorana-
Myca Ha ¢OHi MOPYIIEHHST XapyOBOi MOBEAiHKM, 30Kpe-
ma CHII, cioctepiraeTbes ImporpecyBaHHs OXUPIHHS Ta
iHIIMX MeTaboaiyHux nopyiieHb [20—22]. O6cTexkeHUM
ocobaM I TiarHOCTUKY CUHAPOMY HiYHOTO ITepeimaHHsI
(CHIT) 6yn0 mpoBeneHO aHKETyBaHHS 32 TOTIOMOTOIO Ba-
JIiZM30BaHOI YKPaiHOMOBHOI Bepcii onuTyBanbHMKa Night
Eating Questionnaire (NEQ). NEQ ckianaerbcst 3 14 3a-
MUTaHb, SKi 103BOJISIOTh OLLIHUTU YOTUPU OCHOBHI KOM-
noneHTn CHII: BXXuBaHHS TXi BHOUI, BeuipHIO Tinepdarito,
PaHKOBY aHOPEKCilo, a TaKOX IMOPYILIEHHS HACTPOIO i CHY.
3aranpHuli 6ai 3a oruTyBadbHUKOM NEQ nepe0OyBae B Me-
xax Bim 0 mo 52. Ouinka y 25 6aniB abo Oijbliie BKa3ye Ha
yimoBipHicTh CHII, a pe3ynbsrar y 30 OajiB i Buile € miar-
HOCTUYHUM MapKepoM IIbOro cuHapomy [23].

IManieHTamM mpoBOIMIM BUMipIOBaHHSI aHTPOIIOME-
TPUYHMX TTIOKA3HUKIB, SIK-OT 3piCT, Maca Tijla, OKPYXXHICTb
TaJii Ta creroH. Po3paxoByBanu IMT i mpoBoauau oLiHKY
KOMITO3UIIITHOTO CKJIay Tijlia, 30KpeMa BU3HA4YaJIud BMIiCT
3arajbHoOro xupy (B32K), BicuepansHoro xupy (BBX),
6e3xupoBoi Mmacu (BBM), a Takox KicTKOBY Ta M’sSI30BY
Macu, KpiM TOTO, BU3HAYaJd METaOOJIiYHUIT BiK 3a J0TIO-
MOT0I0 MeToAy OioiMIIeAaHCOMETPii 3 BUKOPUCTAHHSIM MO-
HiTopa ckiany tina Tanita BC-601 (Smowist).
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HocnimkeHo moKa3HUKU ByryieBogHoTro ooMiHy (HbAc,
ritoko3a Kposi Hartiie ('KH), iHcyiH mia3mu KpoBi).
11ssxoM MaTeMaTUYHUX PO3PAXyHKIB IMIPOBOIMIM OLIIHKY
TOMEOCTaTUYHOI MoeJti iHcymiHope3ucTeHTHOCTI (Homeo-
stasis Model Assessment for Insulin Resistance, HOMA-IR).
IMokaznuk innekcy HOMA-IR BuszHavanu 3a opmyioro:
Innexc HOMA-IR = (I'KH x IT1H)/22,4, ne TKH — riio-
K03a KpoBi HaTtiie (MMosb/n); ITTH — iHcyniH na3mu Ha-
tie (MkOn/mi). IHcyniHope3ucteHTHicTh (IP) miarHoCTy-
Bayu nipu 3HaueHHi HOMA-IR > 2,27 [24].

O1iHKa mapameTpiB MOPYIIEHHS ByTJIEBOJHOTO OOMiHY
3AiliCHIOBaAcs BilMOBIAHO M0 MiarHOCTUYHUX KPUTEPiiB
[25]:

— mnpeaiabeT, SKIIO PiBEHb ITiIKOBAHOTO reMoriao0i-
Hy (HbA c) nepebyBaB y mexax 5,7—6,4 %, y ToMy yuci
MOPYILIEHHS TJIiKeMil HaTILe MPY BMICTi IJIIOKO3U TJ1a3MU
Harie 5,6—6,9 MMOJIb/JI Ta MOPYIIEHHS TOJIEPAHTHOCTI
ITO BYIJIEBOIB IIPY PiBHI ITIOKO3U IUIa3MU Yepe3 2 TONUHUI
MiCJISI MIF0KO30TOJIepaHTHOro TecTy 7,8—11,0 MMOJIb/I1;

— U2 minTBepmxyBanu mpu BmicTi HbA ¢ > 6,5 % it
3TiIHO i3 3anMKMcaMy y MEAWYHIN TOKyMeHTalii: mpuHaiMmi
3 iHTepBaJIOM TIOHAJ TiB POKY IBa 3HAYE€HHS TIIOKO3M
KpoBi Hatuie > 7,0 MMOJIb/JI YU peryjsipHe MpuiitMaHHs
LYKPO3HIKYBaJIbHUX 3aC00iB a00 BCTAHOBJIEHUI AiarHO3

LA2.

Ta6nnys 1. BuxigHi xapakTepucTUKN 06CTEXEHNX
nignitkis i3 4B (n = 130)

CraTucTHYHY 00pOOKY JaHUX BUKOHYBAJIM 332 JOITIOMO-
roto nporpamu IBM SPSS Statistics Bepcii 26.0 i3 Bukopuc-
TaHHSIM METOJIiB OIMMCOBOI CTATUCTUKY Ta HeTlapaMeTpuy-
HUX METOJIB MepeBipKU CTATUCTUYHUX TIilOTe3, aHali3y
TaOJIUIb CIIPSKEHOCTI. Yci mapamMeTpu OyJIM po3aijieHi Ha
IIBi TPYNU — SIKiCHI Ta KiJbKicHi. SIKiCHiI moKa3HUKU Oyiu
HaBeAeHi Yy BUIJISIAI YacTOT, BiACOTKIB, a KiJIbKiCHI — $IK
cepeaHe apudMeTUIHE 3HAYEHHsI, CEPeIHE CTaHIAPTHE
BimxuneHHst (M = SD) i3 Bu3HaueHHSIM 95% nmoBipyoro
intepsany (CIl). Pe3ynbratu BBaXKalncs CTaTUCTUYHO 3HA-
yymumu pu p < 0,05.

PesyAbTaTi

IIpoBeneHunit HAMuU aHaJi3 MEPBUHHOI MEAMYHOI JOKY-
MEHTAIlil TOKa3aB, 110 cepeaHii Bik miteit [Ipukapmarrs i3
JATTIB cranoBuB 15,10 = 1,03 poky (ta6:. 1).

Ak 6aunMo 3 HaBeIEHUX TaHUX, 32 TeHEPHOI0 03HAKOIO
TepeBaXkain Xjaomauku — 88 oci6 (67,7 %). HammumkoBy
Macy Tina BusiiieHo y 30,0 % o6crexkennx. Oxupinns I cry-
TIeHsT iarTHOCTOBaHO Y 55,4 % oci6, 11 crynenst —y 11,5 %,
a Il crymrenss — y 3,1 % XBOpUX BiAMOBIIHO.

SIK cBimuaTh HaBeIeHi Pe3yNbTaTH HOCIIIKEHHS, Cepe
YMHHUKIB PU3UKY 3aXBOPIOBaHHSI HAOUIbII Barome 3Ha-
yeHHs MatoTh ctpec (90,0 %) Ta XpoHiuHi BorHuIa iHdekiii
(83,0 %).

Tabnuys 2. BuxigHi xapaKTepuCcTuKku o6CTeXeHUX
nayieHTi i3 giarHosom [I'TIB Bikom Big 18 pokis

O6CcTeXEeHi

MapameTpu NaLEHTH
Hisuata, a6c. (%) 42 (32,3)
Xnonuj, aée. (%) 88 (67,7)
Bik, poku 15,10 + 1,03
MamidpecTtauis cumnromis I TIB, pokn 150+ 2,5
Bara, kr 86,4 +0,2
3picT, c™m 168,0 = 0,1
IMT, kr/m? 30,6
Hapgnuwkosa maca Tina, aée. (%) 39 (30,0)
OxupiHHSA | cTyneHs, abe. (%) 72 (55,4)
OxwmpiHHSA Il cTynens, a6e. (%) 15 (11,5)
OxwupiHHsA Il cTyneHs, a6e. (%) 4 (3,1)
lopyLeHHsA KOTHITUBHUX

(DYHKLIN Ta NCuXo- 70
eMOLINHOro crtatycy
Cnpara 75
3aranbHa cnabkicTb 80
3anamopoyeHHs 95
HapnuiukoBa Bara 98
[onoBHUIA 6inb 100
(I) 2I0 4I0 6IO 8I0 160 1é0

PucyHok 1. Havivacriwi cumnromu QITIB y nignitkis

(n = 130)

(n=40)

MapameTpu orgcl_.{iz):::'
Yonosiku, abe. (%) 28,0 (70,0)
XKiHku, abe. (%) 12,0 (30,0)
Bik, pokun 18,10 + 0,03
MeTaboniyHui BiK, pOKK 29,23 + 4,19
Tpusanicts AOITIB, pokun 3,30 £ 0,98
AnkeTtyBaHHa NEQ, 3aranbHum 6an 26,08 + 4,67
CHI, a6c. (%) 8 (20,0)
IMT, kr/m? 35,91 + 4,11
HapnuwkoBa maca Tina, aée. (%) 5(12,5)
OxupiHHSA | cTyneHs, aéce. (%) 10 (25,0)
OxwupiHHs Il cTyneHs, aée. (%) 13 (32,5)
OxwpiHHs Il cTyneHs, a6bce. (%) 12 (30,0)
OT, cm 99,40 + 4,15
B3X, % 43,79 + 4,25
BBX, og. 51,28 + 2,93

Bioximi4Hi i ropMOHasnibHi 06CTEXEHHS
HbA,c, % 6,05 + 0,25
'KH, mmonb/n 6,29 + 0,42
Ingekc HOMA-IR 6,22 + 1,43
TTr, MMO/n 2,23 +0,37
BmicTt 25(OH)D, Hr/Mmn 29,60 + 2,15
[TopyLeHHs1 BYyrreBoaHOro oominy

MpepniabeT: NOPYLLUEHHSA TONEPaHTHOCTI
00 BYrneBofiB Ta/abo MopyLUeHHs 3(7,5)
rnikemii HaTwe, aéce. (%)
a2, aée. (%) 2(5,0)
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IIpoBenennii HaMu aHai3 TEPBUHHOI MEAUIHOI 0~
KyMeHTallil moka3as, 1110 Hailyactimumu y niteit [1pukap-
natTs Oynu 3mimana (44,0 %) ta BererocynunHa (32,0 %)
dopmu JAT'TIB.

Haituacrimi kininiydi cumnromu JAITIB y mipniTkoBomy
Billi HaBeneHi Ha puc. 1.

Cepell KJIiHIYHMX CUMIITOMIB, MPO 1110 CBiYaTh AaHi 3
puc. 1, Haftuacrile Tparuisuiucs rojaoBHuit 6iab (100 %),
HammuIkoBa Bara (98,0 %) ta 3armramopoueHHs (95,0 %).

V HacTymHOMY eTami DOCTiIKEeHHS ITic/s IMianrucaH-
Hs iHDOPMOBaHOT 3roay TOTOAUIUCS B3ITH ydacTh 30,8 %
MAalli€HTIB, SIKi OyJaM 3ajy4yeHi 3 ITONepPeaHbOro eTamny 10-
cllikeHHs. Y TabJ1. 2 HaBeeHO OCHOBHI XapaKTepUCTUKU
nauieHTiB i3 giarHozom JI'TIB y Biwi Bin 18 pokiB.

Huxye HaBonMMO OIMH i3 KJIIHIYHMX BUTA/IKIB.

Ilepsunnuii oensnd nediampa (2021 pik). Y nimnitka M.,
2005 p.H., niarHoctoBaHo JII'TIB. Ckapru Ha HagMipHY
Bary, BTOMJIIOBaHIiCTb, TOJIOBHUI OiJib, MiABUIIIEHHS ap-
TepiaabHOro TUCKY. JlaHi (i3uKalbHOro OIJIsIay: 3picT —
163 cm, Bara — 59 kr, IMT — 22,3 kr/m2. JlabopaTtopHo y
MaiieHTa BCTAHOBJIEHO HACTYITHI MOKA3HUKU: PiBEHb KOP-
3oy — 14,27 mxr/mn (Hopma: 2,3—11,9 mkr/min), riao-
Ko03a KpoBi — 6,28 Mmoib/i1 (Hopma: 3,9—6,4 MMOJIb/JT),
innekc HOMA-IR — 6,63 (Hopma: < 2,27), iHCyIiH —
23,64 mOn/mn (Hopma: 2,2—25,0 MOn/mir), 25(OH)D —
17,83 ur/mn (Hopma: 30—55,8 ur/mu). IIporsirom aBox
POKIB THITITOK JOTPUMYBaBCSI pEKOMEHIOBAHMX IIIOKBap-
TaJIbHUX KYPCiB JIiKyBaHHSI.

0Oens0 endokpunonoea (2024 pix). Ilauient M., 2005 p.H.,
MpU MEPBUHHOMY 3BEPHEHHI CKap>XMBCSI Ha pi3ke 30i1b-
ILIEHHS MacH Tijla, sIKe CTAHOBMWJIO OJIM3bKO 25 KT 32 YOTUPU
Mmicsui. BBaxae, 1o cTpiMKkuii Habip Baru mow’si3aHuil 3
MEePEHECEHOI0 KOPOHABIPYCHOIO XBOPOOOIO, HAMMPYKEHUM
rpadikoM poOOTH 3a KOMIT I0TePOM, MAJIOPYXJIMBUM CITO-
COOOM KUTTSI Ta CITOKMBAHHSIM €HEPreTUYHUX HamnoiB. Pe-
3yabpTaTy aHKeTyBaHHs 32 NEQ ctanoBwim 38 6adiB, 1110
CBIIUUTH MPO HASIBHICTh MOPYIIEHb XapuyOBOi1 MOBEIiHKHU,
a came CHII. JaHi ¢i3duKaabHOTO OIJISAAY: MaCIIOPTHUMA
BiK — 19 pokiB 3 micsi, 3pict — 170 cm, Bara — 117 kT,
IMT — 40,48 xr/m?, OT — 119 cm, OC — 110 cm. Komrio-
3uniiiHmii ckiaz tina: B32XK — 47,68 %, BB2K — 40,02 omqu-
Huui, BBM — 53,80 %, m’s130Ba maca — 72,2 KT, KiCTKOBa
maca — 2,7 Kr, MeTaboJiyHui BiKk — 35 pokiB. OXMpiHHSI
III cTynenst (mop6GinHe). CTpii poxkeBoro 3abapBiieHHs Ha
CiTHMLISIX, TIONEPEeKOBiil, aKCUISIPHUX AiISHKaX, TiIHEKO-
MacTis. Pe3ynbpraTi iHCTpyMEHTaIbHUX OOCTEXEHb TTOKa-
3ajd, 110 YJIbTPa3ByKOBE MOCIiIKEHHs IIIUMTONONIOHOI Ta
MNPUIIUTOIIONIOHNX 3aJI03, OPraHiB YepeBHOI ITOPOXHUHN
Ta HAPOK BiAIIOBia€ BiKOBiii HOPMi.

Kniniunwmii miarHo3: aucgyHKIIis rinmoTajxamyca, Heipo-
eHIOoKpUHHO-TpodiyHa dhopma. Oxupinus 11 crynens
(Mop6inHe). [TopyllleHHS TOJIEPAaHTHOCTI 10 BYTJIE€BO/IIB.
HedimuTt BiTaminy D. Bropunnmii rineprapatupeo3. CHIT.
Cunapowm IP.

IlamieHTy 3aponOHOBaHO MEePCOHATiI30BAHUI aJIT0-
PUTM JIiIKyBaHHS 3 TOTPUMAHHSIM TPUHIINIIB 30pPOBOTO
croco0y XXWUTTsI, pallioHAaILHOIO XapuyBaHH:I (1000Ba Kajao-
piftHicTb i — 1200 KKaur), 1030BaHOI (hi3MUHOI AKTUBHOCTI
Ta IpUiiMaHH IpenapaTiB i3 TpyIu OiryaHimiB (MeThopMiH
500—1500 mr/mno0y), iH’eKI1il arOHICTIiB IJTIOKarOHOIO1iOHO-

ro nentuay-1 (riparmytun 0,6—3,0 Mr/mo0y), mpenapati
xoJiekanbiudeposy (ro6osa noza — 5000 MO).

O6roeopeHHs

AHaUi3 JgiTepaTypHUX JaHUX, TOCTYITHUX HaM, 3aCBiTUMB
pPO3MaITTs BUBHAYEHb, TEPMiHOJIOTII Ta KJIiHIYHUX 0COOJI-
Boctelt nepediry II'TIB. Binburicts mybiikaniil ocTaHHiX
POKiB CTOCYETBCS IOCIiIKeHb, ITpoBeneHnx y Kurai, I1a-
KucTaHi, kpaiHax €sponu (Higepnanau, Icrmanis, Himeu-
yuna, ®panuis, Aarisg) ra CIIA [6, 7, 26—28].

JlocnimHUKKY BKa3ylOTh Ha TY 0OCTaBUHY, 1110 KITACUYHMIA
JATITIB € pinkicHUM sIBUILIEM Yy TeIiaTpUYHii MpakTulli Ta
HacaMIiepel] TparIsSIEThCs Y MAIliEHTIB i3 BepudiKOBaHOIO
CYIpaceJISIpHOIO MYyXJMHOIO TOJJOBHOTO MO3KY a00 MyXJiu-
HaMM 3apOIKOBHUX KJIITHUH, TJIIOMOIO, KicToIo MimKa Patke,
TicTIOUMTO30M i3 KJIiTUH JlaHrepraHca, siKi 10 TOro BXe
oTpuMyBain 6a3ucHe JikyBaHHs [13, 29]. biusbko 40,2 %
MiTeH Ta MiUTITKIB i3 MyXJIMHHUMU MPOLIECaMM Pi3HOI JIoKa-
Jli3allii B aHaMHe3i CTpaXKaaau Ha TUC(YHKIIIO TimoTajaMy-
ca BHACJIIIOK MTOPYLIEHb 3 00Ky TOPMOHY pocty [9].

®axiBui cioctepiranu 353 nauieHTH 3 TinoTaJaMiqYHOIO
nuchyHKLieo Ha T KpaHiodapuHriomu (82,2 %), rimiomu
HM3BKOTO CTYITeHs 3710s1KicHOCTi (3,1 %) ab0 MyXJIMHU Tiro-
diza (8,2 %). 62 % nalieHTIB MPU LILOMY MaJli CUMITOMU
MaHrinomniTyitapusmy, oxkxupinus (50,7 %) i BTomy (48,2 %),
a TaKOX yci 63 BUHSATKY NOTpeOyBaIu KOPEeKIlil JiKyBaHHSI
3 oryisiay Ha cumnrTomu AT'TIB [19].

3a gaHUMU JliTepaTypH, 4acToTa CUHAPOMY CTAaHOBUTh
11—80 % BumanKiB y MOIYJIAILIII Ta HE 3aJIeKUTD Bill BiKy Ta
crari [6, 30, 31]. ¥ 20—30 % Bunankis JI'TIB TpakTyioTh
sIK 0e3mocepenHIo MIPUYMHY IEPBUHHOI aMeHOopei, 0co-
0JIMBO MOIIMPEHY cepel AiBYaTOK-MiITiTKiB Ta JOPOCIUX
KiHoK y CIIIA. TpaBMu roJIoBHOTO MO3KY B IMTSIYOMY Billi
MiIBUIYIOTh PU3UK PO3BUTKY 3a3HAYEHOI €HIOKPUHHOT
nuchyHKUIT IOHAWMeH e BTPUYi TOPiBHSIHO 3 CEPEIHIMU
IMOKa3HMUKAMU IS TIOMYJISLIT TOTO XX BiKy Ta cTaTi [32].

B nitepartypi ocTaHHiX pokiB ornucaHo Big 5 1o 12 %
BUITAJIKiB idioNaTUYHOI IUCHYHKIIII rimoTagamyca, sska Ko-
peJIloe 3 BUCOKMM piBHEM cMepTHOCTI (25 % BuUMankis y
JIiTeparypi) Ta BUPAXXEHOI HeiPOBEreTaTUBHOO TUC(HYHK-
1i€10 Yyepe3 po3any poOoOTH TUXaTbHOTO IIEHTPY Ta LIEHTPY
tepmoperyssiuii [33]. Lleit matosoriyHMii CTaH 4acTo Cynpo-
BOJIKYIOTH paHHI pO3BUTOK OKMPiHHS, pO3/IaI XapuoBOi
Ta COLiaJIbHOI MOBEIiHKM, TTOPYIIEHHSI pOOOTH 3aJ103 BHY-
TPILIHBOI CeKpellii, rineprnpoJakTUHEMis, TIepMaHEHTHUI
a0o Ti3HIK gedIiIUT COMATOTPOITHOTO Ta TUPEOTPOITHOTO
ropMoHiB (y 80 % Bunankis). ['ioroHamgoTpoHuii rimoro-
HaJu3M MPU [IbOMY BUHUKAE B OMHOMY 3 TPHOX KITIHIUHMX
BUIAIKiB. Big3HayatoThCsl TaKOXK HeMporeHHa rirnepHarpi-
€Misl, eIeKTPOJIITHUI Ta BOTHUI nucbanaHc [7].

Oco0MBOCTI KIIIHIYHOTO mepebdiry auchyHKIii Tino-
TajlaMmyca IpOAUKTOBaHiI MPOBIAIHMMHU 3aXBOPIOBAHHSIMU,
Ha T skux BuHukae AT'TIB [34, 35]. OcobiuBocTi 6yno-
BM TrinmoTajiamyca (MaJleHbKUI po3Mip rimorajamyca, TicHa
acolrialis saep Mixk co0010, a TaKOX HEPBOBUX IILISIXiB)
BU3HAYalOTh CUMIITTOMATUKY, HAIPUKJIAI, CUMIITOMM He-
BPOJIOTiYHOI Ta IICMXOBereTaTUBHOI nucdyHkKiii. Tak, Heo-
IJTACTUYHI CUHIPOMU Ta IMyXJIMHU, iHGEKIITHI ypakeHHS
LIHC 3-mmoMixX iHIIMX CUMOTOMIB Ta CUHAPOMiB BUKJIU-
KaloTh TOJIOBHUI 0i1b, HEMPOOMTaTEMOJIOTIUHI po3J1anu,
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skl

YpaxkeHHS ITipaMiTHOro TpaKTy Ta eKCTpallipaMigHi MO-
30YKOBi CUMIITOMHU, B TOMY YHUCJIi peKypeHTHe OJIIOBaHHSI,
3HMKEHHS YCiX BUIIB YyTAUBOCTI. IHIII momupeHi posiBu
BKJTIOYAIOTh TOHATHY IUCYHKIIO (200 rimoroHaausm, abo
nepeayacHe craTeBe J03piBaHHs ), HEIYKPOBUI 1ia0eT, COH-
JIUBICTh, nucbanaHc Kanopiii (abo 3 rirnepdarieto Ta oxu-
PiHHSIM, a00 AHOPEKCIisl 3 BUCHAXKEHHSIM).

BucHoBKMU

Cepen unHHUKIB pu3uKy BuHukHeHHs JIT'TIB y miteit
IMpukapmarts nepeBaxamThb ctpec (90,0 %) it XxpoHiuHi
iHdexuii IOP-opranis (83,0 %). HaitOiblil MOIIMPEHUMU
KJTiHIYHUMU (hopMaMU 3aXBOPIOBaHH € 3MitaHa (44,0 %)
Ta BeretocynuuHa (32,0 %). Jlo OCHOBHMX CUMIITOMIB
AT'TIB Hanexatsb ronopHuit 6ib (100,0 %), HamuiKoBa
Bara (98,0 %) Ta 3amamopoueHHs (95,0 %).

V nauieHTiB BikoM Bif 18 pokiB BU3HAUY€HO MPOrHOC-
TUYHO HECTIPUSITIIMBI YMHHUKU, CepeJl SIKUX Bil3HAYAIOThCS
posiaau xapuoBoi moBeainku, 3okpema CHIT (20,0 %), saxi
CYIIPOBOIXYIOThCSI HAIIMIIKOM Macu Tina (12,5 %) a6o
oxupiHHIM (87,5 %), a TaKOX IMOPYIICHHSIM BYTJIEBOTHOTO
o0MiHy (ripemiadetr —y 7,5 % obcrexxenux, L2 —y 5,0 %
BunanakiB). OcobiuBy HeOe3NeKy CTAaHOBUTh PO3BUTOK
MOPOITHOTO OXUPIHHSA, sKe BusgBieHo y 30,0 % mopocianx
nauieHTis i3 AT'TIB.

IlepconanizoBaHuii MigXid 10 paHHbLOI AiarHOCTUKU Ta
BEIEeHHS JOPOCINX i3 TUCHYHKIIIEIO TimoTalaMmyca, 3aCHO-
BaHWIii Ha JeTaJIbHOMY aHaJli3i aHaMHe3y 3aXBOPIOBAHHS,
TO3BOJISIE BIOCKOHATIUTH TeParieBTUYHI aJITOPUTMM Ta TTijl-
BUIIUTH €(EeKTUBHICTD JIIKyBaHHsI KOMOPOiIHOT MaToJIOTi1
y MOJIOAMX IMalli€HTIB.

KonduikT inTepeciB. ABTOpU 3asIBJISIIOTH PO BiZICYTHICTh
KOHITIKTY iHTepeciB Ta BIacHOI (DiHaHCOBOI 3alliKaBIeHO-
CTi IPU MiATOTOBIIi JaHOI CTATTi.

Indopmauis npo pinancyBanns. Pobora € ckiamnoBoio
yactuHoto H/IP IBaHo-®paHKiBChKOro HalliOHaJIbHO-
ro MEAUYHOTO YHiBEpPCUTETY, HOMEp AepxXKpeecTpallii:
0120U105103.

Buecok aBtopiB. JleM6puk 1.C. — koHLenuis i gu3aitH
MOCTiIXXKEeHHSI, CTATUCTUYHUI aHasi3, HATMCAaHHS CTaTTi;
Kocrinpka [.0. — penaryBaHHSI, KpUTUUHUIA OLJISII, OCTa-
TOUHE 3aTBepIkeHHs ctaTTi; Kunak O.B. — cratuctuu-
HUI aHaJIi3 naHuX, Kopekilis tekcty; CapensiH E.A. — 36ip
CTaTUCTUYHUX JAHUX, MiITOTOBKA JiTepaTypHUX JXKepell;
Kynuuuny J1.0., lenesep C.A., XpyHsik FO.T. — 36ip nanux
Ta OIpallfoBaHHS MaTepiay.
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Pubertal hypothalamic dysfunction:
epidemiology, risk factors, features of the clinical course
and consequences of pathology in adults

Abstract. Background. Pubertal hypothalamic dysfunction is a
common endocrine metabolic disease that accompanies the for-
mation of sexual function, becomes a background or cause for the
development of somatic pathology with consequences in adulthood.
Aim: to study the epidemiology, risk factors, and clinical features of
hypothalamic dysfunction and consequences of this pathology in
adults. Materials and methods. We analyzed 701 scientific papers in
Latin script according to the PubMed scientometric search engine
and 82 sources in Cyrillic over the past 10 years. A retrospective
analysis of medical records and treatment outcomes of adoles-
cents (n = 130; 88 (67.7 %) boys and 42 (32.3 %) girls, mean age
15.10 £ 1.03 years) with pubertal hypothalamic dysfunction was
performed. The consequences of pubertal hypothalamic dysfunc-
tion were studied in adult patients (n = 40 patients: 28 (70.0 %)
men and 12 (30.0 %) women, mean age 18.10 & 0.03 years) who
received medical care at the clinical bases of Ivano-Frankivsk Na-
tional Medical University from January 2014 to December 2024.
Results. Among the risk factors for hypothalamic pubertal syn-

drome in children of the Carpathian region, stress (90.0 %) and
chronic infections of the ear, nose, and throat (83.0 %) prevail.
The most common clinical forms of the disease are vegetative-vas-
cular (32.0 %) and mixed (44.0 %). The main symptoms include:
headache (100.0 %), overweight (98.0 %) and dizziness (95.0 %).
In patients over the age of 18, prognostically unfavorable factors
were identified, including eating disorders, in particular, night
eating syndrome (20.0 %), accompanied by overweight (12.5 %)
or obesity (87.5 %), as well as carbohydrate metabolism disorders
(prediabetes in 7.5 % of subjects, type 2 diabetes in 5.0 %). A par-
ticular danger is the development of morbid obesity, which was
found in 30.0 % of adult patients with hypothalamic dysfunction.
Conclusions. A personalized approach to the early diagnosis and
management of patients with hypothalamic dysfunction allows to
improve therapeutic algorithms and increase the effectiveness of
treatment of comorbid pathology in young patients.

Keywords: adolescence; hypothalamic dysfunction; obesity; pre-
diabetes; type 2 diabetes
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Asick €.1., Tomawuescbka O.51., Asice I.€., Tomawuescbka H.Sl.
/\bBIBCbKUW HALIOHAABHU MEANYHN YHIBEpCUTET iMeHi AQHUAQ [QAMLIKOrO, M. /AbBIB, YKpQIHQ

3B’930K FAiIKOBAHOrO reMorAoGiHy
3 piBHEM reMOrAoGiHy
| n[apaMeTpamMmm epuUTpPoLUTIB

Pe3tome. AkTyanbHicTb. Y nauieHTiB 3 LyKpoBuM giabeToM BifbyBatoTbCS 3MiHV B 6aratb0x opraHax i cuctemax,
Yy naroreHesi sskux 6epyTb y4acTb 3anasibHi peakuii. XpoHidHW 3anasibHuvi npoLec Moxe fpu3BoanTy 4o po3-
BUTKY aHeMii, a Hn3Kka 3MiH 3 60Ky epuUTPOLUTIB BIJIMBAIOTL Ha MPOLECcH IT1iKyBaHHs reMorsobiHy, yCKIaaHIo Y1
AiarHoCTyBaHHS MopyLLEHb BYr/IeBOAHOro obmiHy. MeTa: npoaHasnizysat B3aEMO3B'I3KU MiX PiBHEM r1iKOBaHOIro
remorno6iHy (HbA1c), 3 ogHoro 60Ky, Ta KOHLeHTpaLieto reMorniobiHy i napameTpamu epuTpoUnTIB — 3 IHLLIOrO.
Marepianu ta metoaun. [poBeneHo aHarni3 KNiTMHHOro cknany Kposu i pisHs HbATc y 756 oci6 (443 xiHku | 313
40s10BIKIB), L0 rpoxo/um obcTexeHHs1 B nabopatopii «MeliC» (m. JIbsiB) y 2020 poui. CTatuctnyHe onpauyro-
BaHHs1 OTPUMAaHUX [aHuX 3L4iViCHIOBaIn, BUKOPUCTOBYIOYM KpuTepii t CTerogeHTa, r lMipcoHa, Xi-kBagpar i To4HUi
Kkputepivi Diuepa. Pe3dynbratu. B 06CTEXEHNX 0CI6 BUSABIEHO NO3UTUBHI 38’13k HbA1c i3 piBHem remornobiHy
(r=0,10, p = 0,015), KinbkicTio HeviTpogbinia (r = 0,08, p = 0,036) i LwBMAKICTIO ocigaHHs epuTpoumnTis (LLIOE)
(r=0,15, p < 0,001). BctaHoBneHo HeratnaHuii 38’'a30K LLIOE 3 KoHUeHTpaLjieto remorniobiHy (r = —-0,42, p < 0,01).
3a piHem HbA1c o6¢cTexeHnx oci6 6yo po3nogineHo Ha Tpy rpyrv: rpyna 1 — < 5,7 % (n = 431), rpyna 2 —
5,7-6,4 % (n = 166) i rpyna 3 — 2 6,5 % (n = 159). [Mo3uTuBHY Kopenayito Mix piBHamu HbA1c i remorno6iHy
nigTBepaxeHo e y rpyni 1 (r = 0,37, p < 0,001), a Takox Hasarasn y XiHok (r = 0,14, p = 0,002). LLIOE 6yna
BuLLjoro y rpynax 2 i 3 nopisHsHO 3 rpyrnoro 1 (p < 0,05). AHemito BusiBneHo y 132 (17,5 %) oci6. Cepen nauieHTis 3
aHewiero y rpynax 1, 2 i 3 rinoxpomMHa aHemisi Tparnsnsnacs, signosigHo, y 30,0, 66,7 i 58,1 % sunagkis (p = 0,001).
CepefHivi BMICT reMorsiobiHy B eputpoumnTi 6yB HK4YmMM y rpyni 3 nopisHsHO 3 rpyrow 1 (p = 0,028). Y scix 100
XKIHOK 3 aHeMIero rnpocTexyBann HeratuBHy kKopensyito Mix HbA1c Ta pisHem remornobiy (r = —0,24, p = 0,016),
cepenHim o6’emom eputpoyuta (r = —-0,34, p = 0,001) i cepeaHim BmicToM remornobiHy B eputpoumTi (r = —0,31,
p = 0,002). BucHoBkw. ligBuiLjeHHs1 nokasHmka HbA1c acoyitoeTbcst 3 HapOCTaHHSIM O3HaK CUCTEMHOI 3anasbHoi
BIQMoBigi Ta po3BUTKOM rifnoxpomMHoi aHemii. PiBHi HbA1c i remoro6iHy pi3HOCMPsSIMOBaHO KOPEsIHoHTb MiXX COO0H
3asleXHo Big cTari, MIKeMIYHOro cTaTycy | HassBHOCTN aHeMii.

Kno4oBi cnoBa: rikoBaHuii reMoriio6iH; LyKpoBui fiabet; reMorfio6iH; napameTpm epuToLMTIB; 3ananeHHs;
aHemisi

Bctyn

J171s1 peTpOCIIeKTUBHOI OLIIHKY TJTiKeMii B 1iarHOCTyBaH -
Hi XBOp0O, acollililoBaHUX i3 po3jagaMu ByIJIeBOIHOIO 00-
MiHy, i mepemyciM mykposoro miadety (LI1), mocmimkeHHs
riikoBaHoro remorio6iny (HbAlIc) BBakaeTbcst 6a30BUM,
00 BOHO BiII3epKaIIOE CEPEIHIO KOHIIEHTPALIiIO TIIOKO3U Y
KpoBi 3a mornepeaHi 60—90 nHiB. [Tokazuuk HbAlc > 6.5 %
(48 MMOJIb/MOJIb) BBAXKAETHCS 3araiIbHOBU3HAHUM JIiarHOC-
TuuHUM Kputepiem LI/ [1]. BiH Takox 103BoJIsIE OlliHIO-

BaTU €(EKTUBHICTh IIyKPO3HUXKYBAJbHOTO JIiIKyBaHHS Ta
MPOTHO3YBAaTH PO3BUTOK YCKJIaJHEeHb y TanieHTiB i3 LI [2].

LI yacTto cynpoBOIXKYETbCI aHEMIEIO, SIKa MiABUIILYE
PU3UK BUHUKHEHHSI MiKpPO- i MAaKpOCYIUHHUX YCKJIaI-
HeHb [3]. [IpununHamu aHemii y mamienTis i3 LI/, 3Buuaii-
HO, € nediluT 3aj1i3a a00 BUHUKHEHHS XPOHIYHOI XBOPOOU
Hupok (XXH) i3 Hectauew eputpornoetuny [4]. CucrtemHe
3alajJeHHs Billirpa€e BaxkJIMBY POJIb IK YMHHUK PU3UKY PO3-
BUTKY aHeMii y xBopux Ha LIJ] He Tinbku BHacimok XXH,
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aJe 1 yepe3 OXUpiHHA, iHDEKIIii, aTepOCKICPOTUIHI cep-
LIEBO-CYIMHHi XBOPOOU i1 3aCTiiiHYy CEpleBY HETOCTAaTHICTb,
YacTi B KX MaLi€HTIB |3, 5]. XpoHiYHMI1 3anaIbHUI IPOLIeC
aCOLIIOETHCS 3 OKMPIHHAM, iHCYTiHOpe3ucTeHTHICTIO 1 LIJT
2-T0 TUIY Ta CIIPHSIE PO3BUTKY AiabeTMYHUX YCKITaTHEHb [6].

AHeMio, CIPUYNHEHY TPUBAIUM 3arlajIieHHSIM, Ha31Ba-
I0Th aHEMi€l0 XpOHiuHOI XBopoou. BoHa, 3BuyaiiHO, HOp-
MoxpoMmHa i HopmonuTHa [7]. [Ipo3ananbHi HUTOKIHM i
rericuMH (TOJIOBHUIA PeryJisiTop roMeocTasy 3ailiza) 06J10Ky-
IOTh BCMOKTYBaHHSI 3aj1i3a B TOHKIl KUIIILI i CIPUYNHSIOTH
11Oro 3aTPUMKY B PETUKYJOCHIOTETiaIbHUX KIITUHAX, 11O
MPU3BOIUTD 10 MOPYILIEHb epuTponoe3y. Kpim Toro, cko-
pOYEHHS TIepioay HAITiBXUTTS €PUTPOLUTIB, IPUTHIYSHHS
BIiIMTOBI/Ii epUTPOITOETUHY Ha aHeMilo Ta nudepeHianii
epUTPOIMHUX KIIITUH IIiJ BIDIMBOM MEIiaTOpiB 3aIlaJeHHs
CIIPUSIIOTH PO3BUTKY aHeMii XpoHiyHO1 xBopobu [5]. Taka
aHeMisl MOXKe TIOETHYBATHUCS 3 HeCTauelo 3ajli3a.

3a maHuMM JliTepatypH, 3alizofgedilnTHa aHeMisI, sKa
3a IapaMeTpaMM epUTPOLIUTIB € TiIIMOXPOMHOIO Ta MiKpO-
LUTHOIO, YacCTillle BUHUKAE B MawieHTiB i3 LI mopiBHsIHO 3
ocobamu 6e3 niadety [8]. Hecraua 3aiiza Moxe mopylryBaTu
TOMeOCTa3 IJII0KO3U, HETaTUBHO BILUIMBATHU HA IJiKEMIYHUI
KOHTPOJIb i CXWJIBHICTb 10 YCKJIaAHEHb y XBopux Ha LIJI.
OaHUM 3 MATOTeHETUYHUX MEXaHi3MiB BUHUKHEHHS Jie-
¢iumTy 3ai3a y TaKuX Mali€HTIB € 3HaYHAa YacToTa B HUX
OXXMPiHHS, Y pa3i IKOro 3pocTa€ piBeHb Y KPOBi TOCTPO-
¢a30BOro peakraHTa TerCUANHY i BAHUKAE CUCTEMHE 3a-
MajieHHs1. 3anajeHHsl CIIPUsIE 3HUXKEHHI0O BCMOKTYBaHHSI
3ajIi3a BHACIIIOK TraJbMyBaHHS eKCIIpecii peporopTuHy y
IBaHAILSTUIIAIIN Ky [9].

JlocmimKkeHHs ToKa3aJi, 1110 B Malli€HTIB i3 3a1i301e-
diurTHOO aHeMielo miaBUIy€eThes piBeHb HbAlc [10, 11].
Bruus 3anizonedinurHoi aHeMii Ha piBeHb HbAlc € Gara-
TO(aKTOPHUM i HEAOCTAaTHLO BUBYEHUM. 30KpeMa, 3MiHI
000pPOTY EPUTPOLIUTIB, iX SIKICTb i FETEPOTeHHICTh MOXYTh
HOpPYyIIyBaTU IIBUIKICTh IIiKallil remMorio6iny. Jani ji-
TepaTypu JE€MOHCTPYIOTh 30iJbIIEHHS] TPUBAJIOCTI XKUTTS
€PUTPOLIUTIB y pa3i LIboro TUMY aHeMii [12], sike Moxe mpu-
3BECTHU 110 3pocTaHHs KoHleHTpallii HbAlc. Kpim Toro, y
MNali€HTIB i3 3a1i30Ae(hiIMTHOI0 aHEMi€I0 301IbIITYETHCS
piBEHb MaJIOHOBOTO HiaIbIeTimy, SIKIi1 0e3II0CePeaHbO MiI-
BUIIY€E NIBUIKICTH IUTiKallii remMoriobiny [13, 14].

V nmauieHTiB 3 aHeMi€0, 30KpeMa 3a1i301e(illuTHOIO,
BUKOPMCTAHHSI JIMIIIe OMHOTO TToKazHuka HbAlc nis Bera-
HoBJeHHs L] Mmoxe mpu3BecTH A0 MOMUJIKOBOIO AiarHO3Y
[15, 16]. Y yacTiHY Malli€HTiB HU3bKi a00 BUCOKI TTOKa3HM-
KU cepeIHbOro BMicTy remoriobiny B eputrpouuti (CBTE)
abo cepennbroro 06’emy epurpouuta (COE) acomirooTscs
3 MMABUIIIEHUM PU3UKOM ITOMMJIKOBOTO BUBHAYCHHSI TITiKe-
MigHOro crarycy Ha ocHoBi piBHS HbAlc [17]. Tomy Tpeba
MPOBOJIUTHU KOMILJIEKCHY OLIIHKY BYIJIEBOAHOTO OOMiHY, a
nepen BuMipoBaHHsIM HbAlc moTpidHO HOpMatizyBaTu
piBeHb reMOTJI00iHY.

Takum YMHOM, pe3yNbTaTH JOCTIIKEHb [TOKa3yl0Th, IO
noka3HukK HbAlc uyrnuBuii 10 3MiH KOHILIEHTpALIil reMo-
m1006iny [13, 18], a B3aEMO03B’ 130K MixK IIMMU ITOKa3HUKaAMK
Ta rapaMeTpaMy €pUTPOLIUTIB TOCTATHHO HE BUBYEHUIA.

Mera: npoaHaJli3yBaT B3a€MO3B’I3KM MiX piBHEM
HbAlc, 3 onHOro 60Ky, Ta KOHIIEHTpalli€l0 reMOIIO0iHY i
napameTpaMu epuTPOLUTIB — 3 iHIIIOTO.

MarTepiaAu Ta meToamn
Y poboTi BUKopucTaHo 0a3y JaHUX MEeIUYHOI JJabopa-
topii «Me/liC» (JIsBiB) 2020 poKy, sIKa MicTHIa HyMepalliio
pe3yabTaTiB aHaji3iB 6€3 MepCOHAIbHUX TaHUX 0Ci0, SKUM
BOHU npoBoauancs. KpurepisiMu BKIIIOU€HHS B TOCTiIKEH-
HsI OyJIM BCi BUTIAZIKU 3 OMHOYACHO MPOBEICHUM BU3HAYCH -
HSIM KJIiITUHHOTO ckjany kpoBu i HbAlc. Takum uuHOM,
y IOCIIIKEHHST BKJIIOUEHO Pe3yJIbTaTu aHali3iB 756 ocib:
313 yonoBikiB i 443 xiHok. OckKinbku B 6a3i JaHUX J1ab0-
partopii He 30epiranau iHGopMallilo Ipo BiK 00CTEXKEHUX i
He (ikcyBanu iXHiX miarHo3iB, i 6epy4u 10 yBaru te, 1o
im BusHavanu HbAlc, MmoxHa BBaxaTu, 1110 1ie IIepeBaKHO
Ooynu gopocii ocoou 3 LI, MeTabomiYHUM CUHIPOMOM,
CepleBO-CYIMHHUMU XBOPOOAMU aTePOCKIEPOTUUHOTO
TTOXOKeHHST a00 YMHHUKAMU PU3UKY iX PO3BUTKY, 00CTe-
>KyBaHi amOyJ1aTOpHO (TOOTO HE TIiJl Yac rocTporo mnepeodi-
ry xBopo0). Koropra o6crexkeHrx Oyjia mMpUMHSITHOIO IJIs
TOCJTiIKeHHSI, 00 HallIO METO OyJjia OlliHKa 3arajbHUX
3aKOHOMIipHOCTe! y 3B’s13Kax MixX noka3zHukamMu HbAlc i
rapaMeTpaMM epUTPOLINTIB He3aJIeKHO Bill CTaHy 3110pOB’sl.
Buznauenns piBHg HbAlc npoBonwin Ha aBTOMaTU4-
Homy aHazizaropi Cobas 6000 (GioxiMiuHMit MomyJsib ¢501)
ROCHE, Hitachi High Technologies Corporation (To-
kyo, Japan) i3 BukopuctaHHsiM peakTuBiB ¢ipmu ROCHE
(L Beituapis). Pisenb HbAlc o 5,7 % BBaXkaau HOpMasib-
HUM, Yy MeXax Bix 5,7 10 6,4 % BiH BinMoOBigaB BUSHAUYEHHIO
npeniadery, a 6,5 % i Bume — LI [1, 2, 19].
JocnimkeHHs KJIITUHHOTO CKJIaay KPOBU 31iCHIOBAIN
3a JOTIOMOTOI0 aBTOMaTUYHOTO IreMaTOJIOTIYHOTO aHaJli-
3aropa MINDRAY 6000 (Kurait). AHaxi3yBaim Taki ma-
paMeTpu epUTPOLIUTIB, K ix KinbkicTb, CBI'E, cepenns
KoH1eHTpallist remoriobiny B eputporuti (CKIT'E) i COE.
151 CTaTUCTUYHOTO OMpallloBaHHS OTPUMAHUX JaHUX
OyJ10 BUKOPUCTAHO TaKeT Iporpam Statistica for Windows
6.0 (Statsoft, USA). Po3noais moka3HKKiB y 00CTEKEHUX
0ci0b OyB HOpMaJbHUM, TOMY 3aCTOCOBYBaJIU KpUTEpili t
CthlofieHTa 1J1s1 TOPiBHSIHHSI aOCOIIOTHUX 1XHIX 3Ha4YeHb
i kputepiii r IlipcoHa mJis1 BU3HAYEHHS KOPEISLiiHUX
3B’s13KiB. BiTHOCHI MOKa3HUKMN MOPiBHIOBAJIMU 3a KpUTEPi-
€M Xi-kBaapat i TouHum kpurtepiem Dimepa. [Tapamerpu
OIMCOBOI CTATUCTUKMU TIO/IaHi B TEKCTi 1 TAOJIUIII SIK Me/liaHa
(MIXKBapTWIbHUI iHTEpBaI).

PesyAbTaTH

IMokaznuk HbAlc y 3araibHiii Tpymi oocrexxeHnx 756
ocib mepedyBaB y Mexax Bin 3,82 mo 16,54 % i ctraHOBUB
3a MeJliaHOoIO i Mi>KKBapTUJIbHUM iHTepBajioM 5,50 (5,10—
6,145) %. Pisenp HbAlc y 3araipHilt rpymi 3Ha4yIIO IMO-
3UTUBHO KOPEJIIOBAB i3 TAKUMU MOKa3HUKAMU KJIITUHHO-
ro CKJIamy KpoOBi, SIK KiJIbKiCTb HEUTPOMINIiB i IIBUAKICTH
ocimanust epurpouuTiB (IIIOE), Ta HeraTuBHO 3i CITiBBif-
HOIIEHHSIM MiX KiJIbKiCTIO TPOMOOLMTIB i JiMMDOUUTIB —
TpoMOoIIUTHO-JiMbouuTHUM iHaekcoM (Tp/Jli) (Tadm. 1).
Lli pe3yabTaT BKa3yloTh Ha 3B’SI30K XpPOHIUHOI Tillepriike-
Mil 3 CUCTEMHUM 3aIlajieHHSIM.

Y 3aranbHiii rpyni 00CTeXXeHUX BUSIBJICHO 3HAUYYIi 10~
3UTUBHI 3B 513k HbAIC i3 KiIbKiCTIO €pUTPOLIUTIB, KOH-
LIEHTPAIliEI0 TeMOTJIOOIHY 11 TeMaTOKPUTOM.

3a piBHeM HbAlc ycix obcTexxeHux ocid 0yno po3nomi-
JIEHO Ha TpU IpyIin, a came: rpyna 1 — 10 5,7 % (n=431) —
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0e3 MopyIIeHb BYIJIEBOAHOTO OOMiHY, Ipyma 2 — y MexXax
Bim 5,7 M0 6,4 % (n = 166) — i3 MOPYIICHHSIM BYTJICBOITHO-
ro oOMiHy Ha piBHI npemiabety i rpyma 3 — 6,5 % i Buie
(n=159) — i3 piBHeM, giarHocTuyHUM 1iono L. Y 122 na-
wieHTiB rpynu 3 (76,7 %) BUSIBICHO HE3aI0BIbHUI TITiKe-
MiYHUI KOHTPOJIb 3a piBHeM HbAlc moHan 7 %. [Toka3Huk
HbAlc cranoBus y rpyni 1 — 5,13 (4,92-5,36) %, y rpy-
m2— 5,87 (5,73—6,08) % iy rpymi 3 — 7,91 (7,03—9,19) %.

Hocnigupium Kopensuii HbAlc i3 KibKicTiO epUTpo-
LIUTiB, piBHEM IreMOTrI00iHy i TeMaTOKPUTy y rpynax 1, 2
i 3, MM BCTAaHOBWJIM iX HasIBHICTh JIMIIIE Y TpyIIi 1, a came:
r=0,37,p<0,001; r=0,37,p< 0,001 ir= 0,39, p < 0,001
BimmosigHO (puc. 1A).

PiBeHb reMorio6iHy it mapameTpy epUTPOLIMTIB Y rpymax
o0cTexxeHux ocib momaHo B TabII. 2.

[TopiBHsTHO 3 Tpymnoto 1y rpyrmi 2 3HaYyI0 OiTbIINIA
rematokput (p = 0,010), a y rpyni 3 — i reMaTOKpuUT
(p = 0,049), i xinbkicTb eputpouuTiB (p = 0,020). ITo-
piBHsIHO 3 rpyroo 1y rpymi 2 Hkumii moka3zHuk CKIT'E
(p =0,0002), ay rpymi 3 — Hxai CBI'E (p = 0,028) i CKTE

Tabrmusa 1. KopensauiviHi 38’3k piBHS rnikoBaHoro
remMorso6iHy 3 nokasHUKaMu KJiTUHHOIo cknaay
KpoBi B 06CcTEXEHUX 0Cib, n = 756

lMoka3Hukun R P
Ep, x 10'%/n r=0,13 0,001
Ir,r/n r=0,10 0,015
MK, % r=0,12 0,004
Ile, x 10%n r=0,17 0,09
He, x 10%n r=0,08 0,036
Mo, x 10%n r=0,04 0,38
Jli, x 10%n r=0,13 0,18
Tp, x 10%n r=-0,03 0,51
Tp/Mi r=-0,09 0,020
LLIOE, mm/rop, r=0,15 < 0,001

TMpumitkn: Ep — eputpountn; I'r — remorno6id; Jle —
nevikountn; Jli — nimgpountn; Mo — moHoumnTn; He —
HeuTpoginu; Tp — TPOMOOLMTH.
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PucyHok 1. Kopensuyis mix piuamu HbA1c i remorno6ivy (HGB): A— y rpyni 1,n = 431 (r = 0,37, p < 0,001);
B — y xiHok, n = 443 (r = 0,14, p = 0,002)

Tabnnys 2. PiBeHb reMorso6iHy vi napameTpu epuTpPOLMTIB B 06CTEXEHUX OCi6

Moka3Hukun Mpyna 1

Ipyna 2 lpyna 3

Ep, x 10%/n 4,63 (4,32-5,01)

4,71 (4,40-5,06) 4,76 (4,44-5,11)'

Ep, x 10%/n, y YonosgikiB 5,05 (4,78-5,31)

4,99 (4,73-5,32) 4,94 (4,58-5,23)

Ep, x 10'?/n, y XiHOK 4,46 (4,08-4,69)*

4,52 (4,30-4,77)* 4,63 (4,37-4,97)"

rr, r/n 138 (125-150)

141 (129-153) 142 (125-154)

Ir, r/n, y yonosikis 153 (146-161)

154 (143-161) 150 (138-163)

'r, r/n, y XiHOK 131 (119-139)*

133 (125-142)* 131 (121-146)*

K, % 41,6 (37,5-44,7)

42,40 (39,10-45,90) 42,40 (38,30-46,70)"

'K, %, y HOnoBiKiB 447 (42,6—-47,5)

45,7 (42,6-48,6) 45,7 (40,1-47,9)

'K, %, y XiHOK 39,1 (35,5-41,9)*

40,3 (37,7-43,1)™ 40,6 (36,1-43,8)*

COE, cbn 88,9 (85,2-93,1) 90,35 (85,7-95,5) 89,7 (84,2-93,9)

CBrE, nr 30,0 (28,6-31,0) 30,0 (28,6-31,6) 29,7 (28,0-31,0)"

CKTE, r/n 334 (325-343) 330 (321-338)' 332 (319-340)"

LLIOE, mm/rof 6 (4—14) 10 (5-16)' 10 (5-20)'
TMpumitkn: Ep — eputpouyntn; I'cr — remornob6iH; Nk — remarokput; ' — p < 0,05 nopiBHsiHO 3 rpynot 1, * —

p < 0,001 nopiBHsAHO 3 aHaIOrYHUM MOKa3HUKOM Y 4YOJIOBIKiB.
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(p=0,002), ToOTO 3 PO3BUTKOM XPOHIYHOI TilepriiiKeMii 3a
piBHeM HbAlc HapocTae rinoxpomist eputponuri. Bera-
HOBJICHO, 110 y rpynax 2 i 3 6yza 3Hauy1o oinbinoio IHOE,
Hix y rpyni 1 (p = 0,030 i p = 0,00004 BixnmosinHO), 1110
CBiTUMTH MIPO aKTUBALIiI0 CUCTEMHOTO 3amajeHHs Topsi 3i
30inbiieHHsIM HbAlc.

Ockinbku pedepeHTHI MOKa3HUKU €PUTPOLIUTIB Bifl-
Pi3HSIIOTHCS B YOJIOBIKIB i XKiHOK, iX OYJIO TOCIiMKEHO OK-
peMo B ocib pi3HuUX cTateil. Yncao 4os0BiKiB i KiHOK Y
rpymnax 0yj0, BiAITOBigHO, TakuM: y Tpymi 1 — 165 i 266,
yrpymi 2 — 73193, yrpymi 3 — 751 84 (x> = 4,36, df = 2,
p=0,11).

PiBHi remoro6iHy i mapaMeTpu €pUTPOLIUTIB B OCi0
pi3HoOi cTaTi BimobpaxeHo B TabJ. 2. Y XiHOK, 3aKOHO-
MipHO, TTOKa3HUKM 3HAYYIIO HUXYi, HiXX Y YOJOBIiKiB.
Mix 4JoyioBiKaMM Pi3HMX I'PyMH iCTOTHOI Pi3HMIII HE BU-
SIBJIEHO. Y XiHOK rpynu 1 Oyau MEHIIMMHU MOKa3HUKU
KUJILKOCTH €pUTPOLIMTIB, HixX Y TpyIi 3, i TeMaTOKpUTY,
HIX y Tpymi 2.

V zaranpHiit rpyni HbAlc mo3uTUBHO KOpeEIoBaB i3
KiJIbKICTIO €pUTPOLIUTIB, PiBHEM reMOrJI00iHY i reMaTOKpHU-
ToM Jiniie B XiHok (r = 0,21, p<0,001; r= 0,14, p = 0,002
ir=20,15, p=0,002 BignosinHo) (puc. 1B), yrpyni 1 —iB
yoJioBikiB (r= 0,27, p=0,009; r= 0,20, p=0,009ir= 0,22,
p = 0,004 BignosinHo), i B xiHok (r = 0,31, p < 0,001;
r=0,34,p<0,001ir=10,37, p< 0,001 BinnoBigHO), a y rpy-
mi 3 — i3 piBHeM remorio6iny B xiHoOK (r = 0,22, p = 0,042).
Y rpyri 2 3HauyIIMX KOpeJsiiii He 0yJo.

AHewmilo, a came piBeHb reMoryiodiny no 120 r/ny xi-
Hok i 130 r/n y JyonosikiB, Businexno y 132 (17,5 %) oci6
3arajbHOI IpyIy, JacTiire B xkiHok (n = 100, 22,6 %), Hix
y yoJoBikiB (n = 32, 10,2 %), p < 0,0001 (ta6x. 3). Cepen
oci6 3 anemiero 52 nauieHTu (30,4 %) Manu NMopyiIeHHS
BYTJIEBOIHOTO OOMiHY (Hasjexanu o rpyr 2 i 3), yacriiie
yosoBiku (20 BunankiB, 62,5 %), Hix xinku (32 BUNaaku,
32,0 %), p = 0,003.

Yacrora BUsSIBJICHHS aHeMii y rpymax 1, 2 i 3 Ta B 3KiHOK
y LIMX rpyIax 3Ha4yyIlo He BiapizHsiaacs. HatoMicTs aHemis
iCTOTHO YacTille Tparuisiacs B YOJIOBIKiB Ipymu 3 MOpiBHSI-
HO 3 yoJioBikaMu Tpynu 1. Takox y XKiHOK rpynu 1 aHemist
OyJ1a 3HAYYILO YaCTillle, HiXK y YOJIOBIKIB IIi€l TPYIIN.

YV KoXHili rpymi OyJio BUIAIJIEHO MIATPYNy 3 aHEMI€lo:
80 oci6 y migrpymi 1, 21 ocob6a B mmiarpymi 2 i 31 ocoba B
ninrpyni 3. Posnonin anemiit 3a COE i CBI'E nogano B
Taba. 4. 3a HMMU NapamMeTpaMyu €PUTPOLIUTIB MaKPOLIM-
TO3 i TinepXxpoMisl Tparuisiaiucs pinko, Haityacrine — y
niarpyri 2 (y 19,01 4,8 % Bunankis BinmosiaHo). PizHuis
MiX ITiATpyIIaMy MaLi€HTiB 3 aHEMI€I0 32 YaCTOTOIO Mi-
KpO- i HOPMOLIUTO3Y 3HAaYyllla, a came: y miarpynax 2 i 3
MiKpOILIMTO3 BUSIBJIEHO YacTillle, a HOPMOLIMTO3 — Pifle,
HixX y miarpymi 1. PisHuLs MiX po3ronijioMm aHeMmiit 3a
COE y minrpynax 1 i 3 3Hauyiia, aHeMis B [IUX IiATrpymnax
HaiyacTillle HOpMOIIUTHA.

PizHuusg MiX miarpymnamu Iaui€HTiB 3 aHEMI€lo 3a yac-
TOTOIO TilTO- i HOPMOXPOMii 3HAUyIla, a caMe: y IMiarpymnax 2
i 3 rimoxpoMiro BUSIBJIEHO YacTillle, a HOPMOXPOMilO — pifl-

Ta6bnuys 3. Yactora aHemii' y rpynax o6¢cTexeHuX ocié 3anexHo Big ctaTi

O6uasi cTari YonoBikn XiHkun
Fpynu p*
n % n % n %
x=213,df =1,
1 80 18,6 12 7,3 68 25,6 p < 0,0001
2 21 12,65 6 8,2 15 16,1 p=0,16
3 31 19,5 14 18,7' 17 20,2 p=0,84
P X?=38,48,df=2,p=0,18 | x*=7,71,df=2,p=0,021 | x*=3,83,df=2,p=0,15

TMpumiTku: * — pisHUYsa MiX nigrpynamu 400BiKiB i XiHOK; ' — p = 0,013 nopiBHsiHO 3 rpyroto 1.

Ta6bnuys 4. Poanogin aHemii 3a cepenHim 06’emom eputpoumnTa i 3a cepenHiMm BMICTOM reMorsio6iHy
B eputpouymtax, n (%)

Noaswncn | MapYT T || Ueaee P
MikpoumnTo3 10 (12,5) 7 (33,3)" 11 (35,5)" x?=93,df =2, p=0,01
HopmouwTo3 66 (82,5)" 10 (47,6)" 19 (61,3)" x?=123,df =2, p=0,002
Makpouutos 4 (5,0)n 4 (19,0) 1(3,2)*» x?=6,0,df =2, p=0,05
: N | FAT | Tt
rinoxpomis 24 (30,0) 14 (66,7)" 18 (58,1)" x?=13,2,df =2, p=0,001
Hopmoxpowmis 55 (68,75)** 6 (28,6)"™* 13 (41,9)" x?=14,2,df =2, p =0,0008
Finepxpomis 1(1,25)* 1(4,8) 0 (0)** X?=2,0,df=2,p=0,12

X?=182,6, df =2, x2=18,4,df =2, X?=25.1,df =2,
P p < 0,0001 p < 0,0001 p < 0,0001
TMpumitkn: ' — p < 0,05 nopiBHsHO 3 nigrpynoto 1; * — p < 0,0001 NOPIBHSAHO 3 YACTOTOIO HOPMOLMUTO3Y B NIATPY-

nax; * — p < 0,005 nopiBHAHO 3 YacToTOO MiKpoynuTo3y B nigrpynax; ** — p < 0,05 NOPiBHSAHO 3 YacTOTOHO rirno-

Xpowmii B nigrpynax.
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mre, HixXK y migrpymi 1. Pi3HUIIS MiX po3IIOmiyioM aHeMilt
3a CBI'E y Bcix miarpynax 3Hauyiia, aHeMist B miarpymi 1
HalyacTille HOpMOXPOMHA, a B MiATPYIIi 2 — TimoXpoMHa.
YacroTa riro- i HOpMOXpoMii B MiATrpyIi 3 3HAYYIIO HE Bisl-
pi3HsIETBCS. TaKoX iCTOTHO HEe Pi3HUTHCS YacTOTa MiKpo-
UATO3Y, HOPMOLIUTO3Y, TilIOXpOMii Ta HOPMOXPOMii Mix
ninrpynamu 2 i 3. lllono abcomotHoi rimoxpomii 3a CKTE,
MeH1oi Bim 315 r/n, To ii BusBiaeHo B minrpymnax 1 (10),
2(7)i3(9) — 12,5, 33,3129,0 % oci6 BixmosinHo (¥* = 6,8,
df=2, p=0,033), ToOTO Haituacriie B miarpyri 2 (pi3HULIsS
Mix miarpynamu 1 i 2 3Hauyia, p = 0,044).

V miarpyni 1 aHeMii mepeBa>kHO HOPMOLIMTHI 11 HOpMO-
XpPOMHIi, OUeBUAHO MOB’sI3aHi 3 XPOHIYHNMU 3aMaJIbHUMU
XBOpoOamu (aHeMist XpOHIUHOT XBOPOOM ), OCKIJIBKM iHIIII
MPUYMHU TAKOTO TUITY aHEeMii € 3HAUHO PiIIIMMU, 30KpeMa,
y Hamomy reorpadidyHOMY perioHi piIKiCHUMM € CIagKOBi
reMoIiTu4Hi aHeMmii. HatomicTp y miarpymi 2 aHemii ne-
peBaxkHO TiMOXPOMHiI i HOpMO- 200 MiKPOLMTHI, TOOTO
HaliiMOBipHille 3ajizonediluTHi. Y miarpyrmi 3 yactora Mi-
KPOLIMTO3Y I HOPMOILIUTO3Y, TilIOXPOMii Ta HOPMOXPOMii
CYTTEBO HE BiIPi3HSIOTHCS, TOMY TYT aHEMisI XPOHIYHOI XBO-
po0u It aHeMis Bim HecTadi 3aj1i3a TPAIuISIOThCS 3 TTOAI0HOIO
yacTtoToo. [ligrpymm 2 i 3 icTOTHO He BiIpi3HSIOTBCS MixX
00010 3a YaCTOTOIO, IMOBIpHO, aHEMil XpOHIYHOI XBOPOOU
1 3a71i301e iU THOI.

IIpocTexeHo kopensawii Mixk piBHeM HbAlc i mapa-
MeTpaMu epUTPOLUTIB y 3arajibHiil rpymi 756 ob6cTexe-
HUX, BOHU BKa3YyIOTh Ha 3B’SI30K MiXX MOI0 3pOCTaHHSIM
i BuHUKHeHHsM rinmoxpowmii 3a CKI'E Hazaran y voso-
BikiB (r = —0,12, p = 0,036) i 3a CBT'E Hasaran y XiHOK
(r=-0,10, p=0,043). Takuii 3B’130K TPOCTEXKYBAJIU JIUILIC
y rpymi 2 — 3a CBI'E (r = —0,26, p = 0,001), a TakoxX y
Liii TpyIIi BUSBIEHO KOpeIsiiio MixX 3poctaHHIM HbAlc
i po3BuTKoM Mikpouurtosy 3a COE (r = —0,22, p = 0,005).
Taxi 3a71eXHOCTi 3HaliAEHO SIK Y YOJIOBIKiB, TaK i B XKiHOK
rpyru 2. Y Bcix 100 XiHOK 3 aHeMi€l0 BUSIBJIEHO TiCHIllli KO-
pensiuii mixk HbAlc ta CBTE (r=—-0,31, p=10,002) i COE
(r=-0,34, p=0,001), 9oro He TparISLLIOCS B YOJIOBIKiB 3
a”eMmiero. Lle BKa3zye Ha Te, 1110 BAHMKHEHHS 3a1i30aeilu-
Ty MOB’s13aHe 3 TOPYIIEHHSIMHU BYTJIEBOIHOTO OOMiHY, OCO-
01MBO B 0Ci0 i3 MMM MOPYLIEHHSIMU Ha PiBHI MpeaiadeTy,
a TaKOX y >KiHOK 3 aHEeMI€Io.

VY rpyni 1 o6cTexxeHux ocio, siki Maau aHeMito (n = 80),
piBeHb HbAlc 0yB Huxunum — 4,85 (4,59—5,09), Hix y
351 ocobu 6e3 anemii — 5,19 (5,00—5,39), p = 0,00001
(puc. 2A). Y 100 xxiHok 3 aHemi€lo piBeHb HbA1c OyB HIX-
yuM — 5,03 (4,65—5,99), Hix y 343 xiHok 6e3 aHemil — 5,49
(5,12—6,09), p = 0,006 (puc. 2b).

3B’130K MiX CUCTEMHUM 3arajeHHsIM i BAHUKHEHHSIM
aHeMil MiaATBepIXKYIOTh BUSIBIEHI KOpEJSIiiiHi 3B’ I3KH1
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PucyHok 2. PiseHb HbA1c B oci6 3 aHemieto (1) Ta 6e3 aHemii (2):
A —yrpyni1(p=0,00001); 6 — y xiHok (p = 0,006)
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PucyHok 3. Kopensuyii mix pisHem HbA1c i koHYeHTpauieto remornobiHy (HGB), r = -0,24, p = 0,016 (A),
cepenHim o6’emom eputpouuta (MCV), r = -0,34, p = 0,001 (B) i cepeaHim BMicTOM remorno6ivy
B eputpouunti (MCH), r = -0,31, p = 0,002 (B), y xiHok 3 aHemieto (n = 100)
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mix IIIOE i piBHeM remorno6iny. Taki HeraTUBHI 3HAUYIIII
3B’SI3KM TIPOCTEXYBaJIU SIK y 3arajibHiii rpymi (r = —0,42,
p <0,01), tak i B yosogikiB (r = —0,39, p < 0,001) Ta xiHOK
3arayibHOl rpymu (r = —0,36, p < 0,001), a TakOX y YOJIOBIKiB
i xiHok rpyn 1, 2 i 3. To6TO po3BUTOK aHEMii CyIIpoBO-
mxyethbes migBuiieHHsIM IIIOE. 3okpema, B ocib 3 aHeMi-
€10 miarpyn 1 i 3 TakoX BUSIBJIEHO HEraTMBHY KOPEJISILIiIO
mix HIOE i xinpxicTio eputponuris (r = —0,59, p < 0,001
ir=—0,45 p = 0,011 BinmoBinHO), a B minrpymi 1 —
MiX KiJIbKiCTIO JIEMKOLUTIB i epurpouutiB (r = —0,24,
p = 0,032). ¥V 3aranbHiil rpyrii 00CTeXKeHUX MPOCTEXKEHO
KOpeJIsILiliHi 3B’SI3KM MixK piBHEM reMOI100iHy Ta KiIbKiCTIO
HerTpodinis (r=—0,13, p=0,001).

BusiBnieHi 3B’13K1 MixX IapaMeTpaMu epUTPOLIUTIB i 3a-
NMaJIbHUMU MapKepamMu B OOCTEXEHUX TMalliEHTIB CBiT4aTh
PO Te, 110 PO3BUTOK Y HUX aHEMil aCOILIIIOEThCS i3 CUCTEM-
HOIO 3aITaJIbHOIO BiJITOBIIII0 C1a0KOI iHTEHCMBHOCTH, SIKa
MOB’sI3aHa 3 XPOHIYHOIO TiMepIJliKeMi€lo B MalliEHTIB 3 Mpe-
niadetom i LI (tabn. 11i2).

V¥ Bcix 100 XiHOK 3 aHEMi€10 BOHa OyJia TilOXpPOMHOIO B
42 (42,0 %) Burankax, a 3HVKCHHSI PiBHSI TeMOIJIOOIHY 3Ha-
qyIIo CIiBBimHOCHIIOCSA 3i 3poctanHsaM HbAlc, a Takox i3
HapoctaHHsM MikpouuTo3y 3a COE (r = —0,34, p=0,001)
i rimoxpowmii 3a CBI'E (r = —0,31, p = 0,002) (puc. 3). Ha-
TOMICTh y 32 YOJIOBIKiB 3 aHEMi€l0 MOAIOHMX 3HAYYIINX
KOpeJIsiiiii He BUSIBJICHO.

O6roBopeHHs

HbAlc i koHLIEHTpallisl TeMOTI00iHy ITO3UTUBHO KOpe-
JIIOIOTh MiXX CO00I0 B HECKOpEroBaHiii Mojeni. Ae, 10Cii-
JIUBIIIY 1110 KOpeJisiio 3anexHo Bin HbAlc Ha piBHI HOpMH,
npeniadery i LIJI, a Takox 3ajie>KHO Bij cTaTi i1 HAsSIBHOCTI
aHeMii, MU BUSIBUJIM 3HAUYYIIy ITO3UTHUBHY KOpeJIsllilo Ha3a-
raj y XiHOK, B 0ci0 0e3 mopyIleHb BYIJIEeBOMIHOTO OOMiHY,
SIK Y YOJIOBiKiB, TaK i B XiHOK, a TaKOX y XiHoK i3 LII. Llsg
KOpEeJISLIisl CTa€E HeraTUBHOIO Y XIiHOK 3 aHEeMI€I0, y IKUX
nigBuieHHS HbAlc TakoxX acouiloeThes 31 CXUIBHICTIO
IO TirmoxpoMii Ta MikpouTo3y. OnucaHi B3aEMO3B’SI3KU
BKa3ylOTh Ha HEOJTHO3HAUHICTh 3aJIE3KHOCTE MiX PiBHIMU
HbAIc i reMorno06iny, Ha sIKi BIUIMBalOTh Pi3HOMAaHITHI,
YacTO Pi3HOCHPSIMOBAaHI IIPOLIECH.

AHeMilo BUSIBJIEHO YacTillle B XKiHOK, HiXX Y YOJIOBIiKiB,
SIK Y 3arajibHiii TpyIIi, TaK i y IpyIIi ocio 6e3 mopyIleHb ByT-
JIeBomHOTO 00MiHY. B €Bporri yacToTa aHeMmii OiJIbIa B Xi-
HOK (0113bK0 8 %) MOPiBHSIHO 3 4oJI0BiKamMu (0;113bK0 4 %)
[20], six i B Ha1IOMY HOCTIKEeHHi. AJle Taka 3aKOHOMipHICTh
3HMKaJla B o6cTexeHux ocib 3 HbAlc Ha piBHi nmpeniabeTy
i1 LIJI, cyTTeBO He Bimpi3HSIIOUNCH B 0Ci0 pi3HUX cTaTeil. A B
yoJioBiKiB i3 LI/l anemist Tparuisijlacst iCTOTHO 4yacTillle, Hix
Y YOJIOBIKiB 0€3 MopylieHb ByriieBomHOro oominy. Lli mani
MOXYTb OMOCEPEIKOBAHO CBIIUUTH PO BIUIMB XPOHIYHOT
rirnepriikeMii Ha po3BUTOK aHEMii.

MoxHa NpUMycTUTH, 110 0COOM, y SIKMX HE BUSIBJIEHO
MOpYyIIEHb BYTJIEBOIHOIO OOMiHY, 3BepTaKCs 10 Jlabopa-
TOpii 11 00CTEXKEHHS 3 IPUBOLY Pi3HOMAHITHUX XBOPOO,
30KpeMa 3amajabHUX, SIKi CYIpOBOIXKYBaaucs B 18,6 % Bu-
MajKiB aHeMi€lo, yacrilie B XiHoK (y 25,6 % Bumankis),
MepeBaXkHO HOPMOLIUTHOIO (Y 82,5 % BUIAAKiB) i HOPMO-
xpoMmHo10 (y 68,75 % BUMAIKIB), Ky, OYEBUIHO, MOXHA
BBaXXaTU B OiJIBIIOCTI BUIAIKIB aHEMIi€I0 XpOHIYHOI XBO-

pobu. B oci6 i3 mopylieHHSIMHU BYIJIEBOTHOTO OOMiHY Ha
piBHi npeaiabeTy rMepeBaxae aHeMis rimoxpoMHa (y 66,7 %
BUIIAKiB), 11O BiAIIOBimae o3Halli 3ami3oaedilluTHOI aHe-
Mii. Mix oco6amu 3 HbAlc Ha piBHI nipeniabeTy i XBopumu
Ha LI/l HeMae iCTOTHOI pi3HUII 32 BEIMYMHOIO MOKA3HU-
kiB CBI'E i COE, a 3a HagBHOCTI B HMX aHeMii 4acToTa
TiIoXpoMii Ta HOPMOXPOMii, MiKPOLIMTO3Y i HOPMOLIMTO3Y
CYTTEBO HeE BiIpi3HIETHCA. TOOTO MOXKHA IMIPUITYCTUTH, 110
MPUYMHOIO aHEMil B HUX MOe OyTH SIK HecTaya 3ajii3a, Tak
i cucTeMHe 3arnajeHHsl.

I[IpoBeneHe mociimKeHHS BUSIBWJIO, 11O PO3JIamn
BYIJIEBOJHOTO OOMiHY 3a TuIloM Iipeniabety it LI nipu-
3BOJISITH 10 CUCTEMHOTI'O 3aIajabHOTrO TMPOllecy HU3bKOT
IHTEHCUBHOCTI, 110 Y3TOJXYETbCS 3 JAHUMU JIiTepaTypu
[21, 22]. Hocmimkenns O.M. Paguenka i O.51. Kopomio-
Ka [2] BcTaHOBMIIO, 1110 piBeHb HbAlc criBBiZHOCUTBHCS
3 aKTUBHICTIO CUHAPOMY 3amlajeHHs, Ipo 110 CBiTYUB
iCTOTHO BMIIMII piBeHb BUCOKOUYTINBOTO C-peakTUB-
HOTIo IpoTeiHy 3a yMoB miaBuieHHs HbAlc. 3a nanHumu
T.C.T. Fong [23], oxXupiHHs, SIKE 4acTO TPAIUISIETHCS B
nauieHTiB 3 npeniaderom i L1, akTuBye mpoaykitito C-pe-
AKTUBHOTO TIPOTEiHY, SIKUI TTOCUJIIOE TIPOLIECU TJIIKO3U-
JIIOBAaHHS remMorjio0iHny. TpuBajie cUCTeMHe 3amaJieHHs,
CBOEIO YEProlo, CIPUUMHSIE aHEeMiI0 XPOHIYHOI XBOpOOU
[5]. Takoxx BUsIBIIeHAa HAMM HeraTUBHA KOPEJISIIis MixX
HbAlciinmekcom Tp/Jli Moxke BKa3yBaTH Ha 3B’SI30K MiX
XPOHIYHOIO TiMePIIIiKeMi€lo Ta 3aajJeHHSIM, SIKe IIPU3BO-
IUTh 10 3HUXKEHHS KiJIbKOCTi TPOMOOIIUTIB YHACIIIOK 1X
mipomnTo3y [24].

[TopylieHHsT ByTJIEBOIHOTO OOMiHY TaKOX aCOIIIOEThCS
3 pO3BUTKOM aHeMii Bil HecTaui 3aiza. HaMu BctaHOBIEHO,
o 3i 3poctaHHsAM piBHSI HbAIcC 30inbliyeThcs yactoTa
TiITOXpOMHOI aHeMii, 1110 MOXe OyTU CIIPUYMHEHE SIK PO3-
JlamaMu OOMiHY 3aj1iza BHACJIiIOK CUCTEMHOTO 3arajeHHs,
TaK i iHIIMMU TPUYMHAMU 3aji300ediuuTy B MALliEHTIB i3
LI [25—27]. S.V. Madhu et al. [28] BussBUIM B IALIIEHTIB i3
3atizonedilluTHOI aHeMiel 3Hauylo BuIli piBHi HbAlc
MOPiBHSIHO 3i 3MIOPOBUMU JIIOJbMU, a TAKOXK HEraTUBHI KO-
pensiii mixk HbAlc i KoHIIeHTpalliero reMoryiobiHy, rema-
TOKpUTOM, KiNbKicTio eputpountiB, CBI'E, CKTE i piBHeM
¢epuruny cuposatku. He Timbku CBI'E, ane it COE nHera-
TUBHO Kopetoe 3 HbAlc, 3a nanumu S. Rodriguez-Segade
etal. [17].

Busasnenuit HaMu Mo3UTUBHUN 3B 130K Mixk HbAlc
i KOHLIEHTpaIli€l0 reMOorI00iHy MPOCTeXyBaBcs B 00CTe-
JKEeHUX XiHOK, 30Kpema B kiHok i3 LIJI, i B yonoBikiB 6e3
MOpYIlIeHb BYIJI€BOAHOro ooMiHy. ¥ mociimxkeHHi Y. Lai
et al. [29] takuii 38’5130k Mixk HbAlc i reMoryio6iHoM y He-
CKOpEeroBaHill Mofesi TaKoxX OyB MO3UTUBHUM B 0Cib 6e3
LIJI i anemii. ¥ HammoMy mociimKeHHi B XiHOK i B oci0 06e3
MOPYILIeHb BYTJIEBOAHOTO OOMiHY, Y SIKUX BCTAHOBJICHO aHe-
Mito, piBeHb HbAlc HMxKuMii, HiX y BiIMOBiAHUX OCi0 0e3
a"eMii. ToOTo BUsIBIIEHO, 1110 3B 130K MixX piBHsIMU HbAlC
i TeMorJIO0iHY 3aJIeXXUTh Bill CTaTi, CTaHy BYTJ€BOIHOIO
00MiHY i HASIBHOCTU aHEeMii.

[TosutuBHMIA 3B’430K MiK piBHEM reMoriobiny i HbAlc
MOXHa TIOSICHUTHU THUM, 110 BUIIMN PiBeHb réMOIJI00iHY
3a0e31reuye Oinblle MOJICKYJ IS T1iKO3MJIIOBAaHHS, IO
3011b1IYE MOXJIMBICTh yTBOpeHHsT HbAlc. /1o Toro x 3B’s1-
30K TJIIOKO3M 3 FeMOTJI00iHOM 3MiHIOE OTO CTPYKTYDY,
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3HIKYIOUM 30ATHICTb TeMOTI00iHY 3B’ SI3yBaTUCS 3 KUCHEM
i TOCTaBJISITU MOTO A0 KJIITUH, 110 MOXE MPU3BOAUTHU 10
TiMMOKCeMil, TKAaHMHHOI TiITOKCil Ta KOMIIEHCATOPHOI CTU-
MYJISILIT epUTPOIIOE3Y 3i 30LTBIIEHHSIM PiBHSI T€MOTJIO0IHY
B KpOBi. 3 iHIIIOro 00Ky, reMOJIITUYHI aHeMii Ta mepiof mic-
JIsl TOCTPO1 KPOBOBTPATU TIPU3BOASTE 10 3HUKEHHS PiBHS
HbAlc [1].

VY nocaimxenni Y. Lai et al. [29] mo3uTuBHUIA 3B’S130K
Mixk HbAlc i reMorio6iHOM cTaB HeraTUBHUM, KOJIA pe-
rpeciiiHy MoaeIb IeBHUM YMHOM cKoperyBanu. [IpoBene-
He HaMM JOCJIiIKEHHS TiATBEePIKYE JIiTepaTypHi AaHi Tpo
3aJIeKHICTh MiX 3HMXKEHHSIM TeéMOTIJI00iHY I 3pOCTaHHSIM
HbAlc y pasi Hecraui 3amiza B opranizmi [11, 30]. Taky
HEeraTUBHY KOpEJILito OyJ0 BUSBIECHO JIMIIE B XiHOK 3
aHewMmi€lo, sika B 42 % BUMAIKiB OyJia TIMOXPOMHOIO. Y HUX
nigBueHHs1 HbAlc acoiitoBaigocst 3 po3BUTKOM Tilo-
XpOMii i1 MiKpOLIMTO3Y, XapaKTepHUX IS 3a1i30aeiluT-
Hoi aHeMii. ToYHO HeBiIOMO, Y1 TPUUYMHA TAKOTO 3B’SI3KY
noJisirajia y NpucKOpeHOMY TJIiKyBaHHiI TeMOIrI00iHy BHa-
CJIiTIOK BIUIMBY UMHHUKIB, MOB’3aHUX CaMe 3 aHEeMI€lo,
30KpeMa 3ai30e(illMTHOIO, YU PO3BUTOK Mpeniabety i
1IJI mpu3BiB 10 BUHMKHEHHS aHeMii 4epe3 HU3KY I1aTo-
TeHEeTUYHUX MeXaHi3MiB (32 % XiHOK 3 aHeMi€lo Maiu
MOpPYIIEHHS ByIrJieBogHOro oOMiHy). IlpoTe Taky 3amex-
HicTb Tpeba BpaxoBYyBaTH, OIiHIOIOUM CTaH BYTJIEBOIHOTO
OOMiHy B Lii€i KaTeropii Maui€eHTiB, OCKIIbKU MOXJIHUBE
X1OHe miarHocTyBaHHS Ipeniadety um LI/ yepe3 omanmm-
BO 3aBMLIeHMI Moka3zHUK HbAlc.

TakuM 4yMHOM, HasIBHICTh aHEMil MOXe BIJIMBATH Ha
piBeHb HbAIc sk y 6iK XMOHO 3aBUIIEHOTO, TaK i XUOHO
3aHMKEHOro nokasHuka. lle 3ajexuTp Bim TUITY aHeMil.
V Takux BUITaAKax JJjisl BCTaHOBJeHHs Iipemiadety i LIJI
Tpeba 3aCTOCOBYBAaTHU PiBeHb IJIIOKO3M Y IJ1a3Mi KpOBH, a
TecT Ha HbAlc BUKOpuMCTOBYBATH 11 KOHTPOJIIO 3a JIIKY-
BaHHSIM YXKe ITicJIsi HopMautizallil piBHsI reMorjio0iny. s
LbOTO MepeayciM Tpeba 3’scyBaTu eTioJIorilo aHeMii, BU-
3Havyal4u, 30KpeMa, piBeHb CUPOBAaTKOBOTO 3aJi3a, Gepu-
TUHY, IIBUAKICTh KJIyOOUKOBOI (bijibTpallii, rocTpoda3oBi
MOKA3HUKMU TOIIIO.

3 iHIIOro 60Ky, yCKJIaJgHeHHs qekoMreHcoBaHoro LIJ1
MOXYTh CIIPUIMHATU aHeMio. Hampuknanm, ypemis, mo
SIKOT MOXKe MPU3BOJANTHU AiabeThyHa HedpormarTis, CIpuim-
Hs€E K aHeMilo, TakK i XxuOHo minBuineHuii piseHb HbAlc.
Tpeba 3BaxkaTu i Ha MOXKJIMBICTh HassBHOCTI B ITalliEHTIB
i3 1IJI Hu3Ku CyIyTHiX CTaHiB, SIK-OT TiMEPTPUIIiLIepU-
neMist, TinepoinipyoiHemist, XpOHIUHUI aIKOTOTi3M, TpU-
BaJie BXKMBaHHSI CalillMJIaTiB i omiaTHA 3aJeXHIiCTh, SIKi
TAaKOX MOXYTb CIIPUYMHUTU XNOHE 30IIbIICHHS PiBHS
HbAlc [25].

B ymoBax xpoHiuHOI rinepriikeMii 3MiHM MOKa3HUKIB
KJITUHHOTO CKJaay KpoBi, 30Kpema 3amnajibHi, MOXYTh
BUHUKATU SIK BHACJIIAOK MPOIIECiB, CIIPSIMOBAHMX Ha IMil-
TPUMKY BYTJIEBOJTHOTO FOMEOCTa3y, TakK i uepe3 MeTaboJiu-
Hi po3ianu, 10 MAa€E MOJIEKYJISIPHO-TEHETUYHE MiATPYHTSI.
Bimomo, mo Mixk 00MiHOM BYTJIEBOIIB, 3aJli3a, TeMaTOIIO-
€30M i Mpo3arnajbHUMU peakilisIMU iCHYE TiCHUI 3B’S130K
Yyepes3 CHiJIbHI CUTHaIbHI 1usixu, sIK-oT NF-kB, mTOR,
JAK-STAT i HIF-1a Towo [19]. e cBinunTh npo BUCOKUI
CTYTiHb B3a€EMOIi1 Ta KOOPAMHALIii MixK IIUMU MpollecaMu,
a ixHiit mucbajlaHCc B yMOBaX TilleprilikeMii Moxe IIposiB-

JISTACSI CACTEMHUMM pO3JialaMu, 30KpeMa TeMaToToe3y.
OKpiM 11bOTO, HU3KA T'eHiB, MOB’SI3aHUX 3 OOMiHOM BYT-
JIEBOMIB i KPOBOTBOPEHHSIM, MAlOTh OJIM3bKE IIPOCTOPOBE
postamryBanHs, 30kpema SLC2A1, MPL i CSF3R y nokyci
1p34.2-p34.3; TP53 i SLC2A4 y nokyci 17p13.1; INSR i
EPOR y nokyci 19p13.2 [13]. Take cycincTBo reHis cripusie
YTBOPEHHIO FTEHETUYHUX KOMIUIEKCIB, SIKi B3AEMHO BILJIMBa-
IOTh Ha piBeHb iX eKCIIPECii K 4epe3 CITUIbHI peTyIsaiiiiHi
1 emireHeTUYHi MeXaHi3MM, TakK i yepe3 MpsiMi B3aEMOJIii
MiX TeHaMu.

3’sicyBaHHST Ha MOJIEKYJIIPHO-T€HETUYHOMY piBHi B3a-
€MOBILUIMBIB PO3JIa/iB ByIJIEBOJHOTO OOMiHY, MeTa001i3My
3aJ1iza, reMarorioe3y i 3amnajeHHs JO3BOJUTh Kpalle 3p0-
3yMIiTH OCOOJIMBOCTI aHEMil B 0¢i0 i3 XpOHIYHOIO Tineprii-
KEMI€I0.

BucHoBKkMU

Bzaemo3zanexHictb Mix piBHsIMU HbAlc i remoriiob6iny
3MiHIOETbHCS 3aJIEXKHO BiJl CTaHY BYTJIEBOIHOIO OOMiHYy, CTaTi
i1 HagBHOCTI aHeMii. B oci6 6e3 mopylieHb ByTrJIeBOIHOIO
00OMiHy i Hazaraj y XiHOK 1ieii 3B’30K € TTO3UTUBHUM, a
HasIBHICTh Y HUX aHEeMil aCOLIIOEThCS 3 HIDKIMMU MOKA3HU-
kaMu HbAlc. Y XiHOK ke 3 aHeMi€lo HeraTUBHUIA 3B’SI30K
Mix HbAlc, 3 omHOro 60Ky, i piBHeM remoryiodiny, CBI'E,
LIOE, 3 inmmoro, Tpeba po3misiiaT sIK 03HaKYy BILJIMBY He-
cTauvi 3asiza Ha miaBullleHHs nokasHuka HbAlc. Takum
YMHOM, HasIBHICTh aHEMil YCKIIaMHIOE IHTEPIIPETaIlilo 110~
ka3zHuka HbAlc, akuit Moxe OyTH SIK XMOHO 3aHVKEHUM,
TaK i XOHO 3aBUILIEHUM.

XpoHiyHa rineprjikeMisi aCOLIOEThCS i3 CUCTEMHUM
3anajeHHsIM, CXWJIbHICTIO 10 TilOXPOMii epUTPOLIUTIB, a B
MALIEHTIB 3 aHEMIi€I0 — 3 OIJBIIOI0 YaCTOTOIO TilTOXPOM-
HOi MiKpoluTHOI aHeMii. 1le cBimuuTh Mpo 3B’SI30K Mix
CUCTEMHUM 3allaJIEHHSIM i HecTadelo 3ajli3a B MaIli€HTIB
3 npeaiadetoM i LI, 1110 Moxe MPU3BOAUTH SIK 10 aHEMil
XPOHIYHOI XBOpOOM, TaK i 10 3aj1izoaediluTHOI Ta MOTpedye
IrdepeHIIiiHOl TIarHOCTUKY MixK HUMU JJISI TIPOBEIECHHS
aIeKBaTHOIO JiKyBaHHSI.

KonduaikT inTepeciB. ABTOpU 3asB/ISIIOTH ITPO BiICYTHICTh
KOHITIKTY iHTepeciB Ta BIacHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi IpUY MiArOTOBLI JaHOI CTATTi.
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(parMeHTOM TJIAaHOBOT HAayKOBOI poOOTH Kadenpu BHY-
TpitrHboi MeanurHU No 2 JIbBiBCHKOT0O HalliOHAJIbHOTO Me-
NIMYHOTO yHiBepcuTeTy iMeHi Jlanuna ['anuibkoro Ha Temy:
«OcobaMBOCTI Ta MapKepu nepediry BHYTPillIHiX XBOPOO
3a YMOB TOETHAHHS 3 META0OJIYHUM CUHIPOMOM Ta Me-
TabOJIIYHO aCOLiIIOBAHOK KMPOBOIO XBOPOOOIO MEYiHKU»,
Ne nepxpeecrpauii: 0122U000165.
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Associations of glycated hemoglobin with hemoglobin levels
and erythrocyte parameters

Abstract. Background. In patients with diabetes mellitus, pathologic
changes occur in multiple organs and systems, the pathogenesis of
which involves inflammatory reactions. The chronic inflammatory
process can lead to the development of anemia. Several changes in
red blood cells have been found to affect the processes of hemoglobin
glycation, making it difficult to diagnose carbohydrate metabolism
disorders. The aim of the present study was to analyze the relation-
ship between the level of glycated hemoglobin (HbA1c) and the con-
centration of hemoglobin and erythrocyte parameters. Materials and
methods. A complete blood count and HbAlc levels were analyzed in
756 subjects (443 women and 313 men) who underwent examination
at the MeDis laboratory (Lviv) in 2020. Statistical processing of
the data was performed using Student’s t, Pearson’s r, chi-square,
and Fisher’s exact test. Results. Positive correlations of HbAlc with
hemoglobin levels (r = 0.10, p = 0.015), neutrophil count (r = 0.08,
p = 0.036), and erythrocyte sedimentation rate (ESR) (r = 0.15,
p < 0.001) were found in the examined subjects. There was a nega-
tive correlation between ESR and hemoglobin levels (r = —0.42,
p < 0.01). The subjects were divided into three groups according to

HbAlc levels: group 1 — < 5.7 % (n = 431), group 2 — 5.7—-6.4 %
(n = 166), and group 3 — > 6.5 % (n = 159). A positive correla-
tion between HbAlc and hemoglobin levels was confirmed only
in group 1 (r = 0.37, p < 0.001) and in women in general (r = 0.14,
p = 0.002). ESR was higher in groups 2 and 3 compared to group 1
(p < 0.05). Anemia was detected in 132 (17.5 %) patients. The preva-
lence of hypochromic anemia was 30.0, 66.7, and 58.1 % in groups
1, 2, and 3, respectively (p = 0.001). Mean corpuscular hemoglobin
was lower in group 3 compared to group 1 (p = 0.028). In all 100 wo-
men with anemia, there was a negative correlation between HbAlc
and hemoglobin levels (r = —0.24, p = 0.016), mean corpuscular
volume (r = —0.34, p = 0.001), and mean corpuscular hemoglobin
(r=—0.31, p = 0.002). Conclusions. An increase in HbAlc is asso-
ciated with increased signs of systemic inflammatory response and
the development of hypochromic anemia. HbAlc and hemoglobin
levels are inversely correlated with each other depending on gender,
glycemic status, and the presence of anemia.

Keywords: glycated hemoglobin; diabetes mellitus; hemoglobin;
erythrocyte parameters; inflammation; anemia
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CeprieHko O.O.", AonmHan T.T.%, CeriH B.b.", CeprieHko B.O.’
" AbBIBCBKMV HALIOHQABH MEAVNYHI YHIBEPCUTET iMeHi AQHUAQ [QAMLIBKOrO, M. /\AbBIB, YKpQiHQ
2 MykQuiBCbkn A€PXKQBHWUV yHIBepcuTeT, M. MykayeBo, YkpaiHa

BitamiH B,, cepLeBO-CYAVHHI 30XBOPIOBAHHS
i LyKpoBumn aiaber

Pe3tome. BiramiH B; — ue 3aranbHuii TEPMIH [7151 LUECTY B3aEMONepeTBOPrOBaHUX BOLOPO3YMHHMX BiTaMepiB:
nipugokcarsnto, nipu[oKCuHy i nipugokcamiHy, a Takox ix 5-gpocghopmiboBaHmx ¢hopm: nipygokcans-5-gpocgparty (pyri-
doxal 5'-phosphate, PLP), nipugokcuH-5-¢pocgpary i nipupokcamin-5-gpocgpaty. PLP, 6ionoriyHo akTusHa ¢hopma
BiTamiHy By, gi€ 5K KOGbEPMEHT Yy Pi3HNX hEPMEHTATUBHUX rpoLecax, siKi Katani3yrTb HarBaXINBILLI METaboivyHI
peakuii, 30kpema CUHTe3, NepeTBOPEHHS Ta AerpasaLito amiHiB i aMiHOKMCIIOT, MocTa4yaHHs O4HOBYI/IeLeBUX 0au-
HULb, TpaHCCybgyBaHHs, CUHTE3 TETPAripoIoBUX CrOIyK Ta MosiamiHiB. PLP TakoX YvHUTb 3HaYHUU Br/IMB Ha
MeTabosiaM roMoyncTeiHy, 6IoOCUHTE3 PIBHOMAaHITHUX HEeVpOMeLIaTopiB; NPUrHidye yTBOPEHHS aKTUBHUX (hOPM KUC-
Hio (ADK) i KiHUeBMX MPOAYKTIB 11iKyBaHHS, FeHOTOKCUYHUX CrIOJIYK, OB’ I3aHUX 3i CTapiHHAM | LyKpOBUM LiabeToM
(4nA), omxe, BuKkoHye hyHKLiO aHTMOKCcugaHTHOI Monekynu. Kpim Toro, PLP gyHKLIOHYe ik MOZYyIsToOp ¢hakTopiB
TPaHCKpWnuii, BIJIMBaE Ha aKTUBHICTb HU3KW (hepPMEHTIB | MOXe 3B’s3yBaTuncs 3 peLentopamm CTepoigHNX ropMo-
HIB, Bigirparo4u rnesHy posib y MeMOpaHHOMY TpaHcrnopTi. [1oBiaoMAseTbCs, Lo y xBopux Ha L[ 2-ro tuny 3 cep-
yeBo-cyanHHUMM 3axBoproBaHHAMM (CC3) Big3Ha4YaETbCsl HYXKYMI piBeHb BiTamiHy B, TO4i SIK Mpuiom sikapcbKmx
npenaparis BiTaMiHy By 3HWKYE pU3NK BUHUKHEHHS LiabeTy Ta Moro CyanHHUX yCKnaaHeHs. MexaHiamu, Lo fiexars
B OCHOBI B3aEMO3B’sI3KY MiX BiTaMiHOM B, i L[], octaTto4Ho He 3'sicoBaHi. HaTtomicTs Bce 6i/ibLue faHux BKasye Ha
Te, Lo BiTamiH B, Moxe 3axuLyatv Big ycknagHeHs L[] 3asasku vioro poni nornuHada A®K. degiumt BitamiHy B,
MOB’AA3YI0Tb i3 HU3KOKO KJIIHIYHO 3HaqyLymX 3aXBOPIOBAaHb, SIK-OT ayTU3M, LUM30GhPEHIsi, XBopoba ArnbureviMepa,
xBopoba [lNapkiHcoHa, eninencisi, cuHapom fayHa, L[] i pak, xo4a npoLecu, Lo siexatsb B iX OCHOBI, 34€06i/1bLLIOrO
3anmLuaroTbesa Hes'sicoBaHumu. MeTtoro 4boro ornsgy 6ysio 06roBopuTy posib | 0CO6/IMBOCTI B3AEMO3B I3KIB BiTami-
Hy B, 3 CC3 Ta yykpoBuM [iabeToM, a TaKoX rpoaHarsniayBaty HoBI TeHAeHUIl Vi HarpsaMKy Mariby THIX JOCTTKEHb .
Ocob6nuBy ysary npvgineHo aHaniay ocobnmsocTei 6ionoriqHoi poni BitamiHy B, MeTaboniamy TpuntogaHy,
B3aeMo3B’s13KiB MiX BiTamiHom By, CC3, L[] Ta nowkogxeHHsmu JHK npw giaberi. lNolyk npoBoauscsi B Scopus,
Science Direct (Big Elsevier) i PubMed, pazom 3 6azamu gaHmux Medline. BukopucTtaHi KitoHoBi crioBa «BitTamiH B>,
«CEepLEBO-CYAMHHI 3aXBOPIOBAaHHS», «LlyKpOBWW fiabeT». [1s1 BUSIBNIEHHS pe3yribTaTtiB AOC/IAKEHHS, SIKi HE BAaI0Cs
3HavTV Nig Y4ac OHauMH-rNoLLYKY, BUKOPUCTOBYBABCS PYYHWUV MOLLYK 6ibniorpadbii nyonikayiv.

Knro4oBi cnoBa: sitamit B,; cepLieBo-cyanHHI 3axXBOPOBaHHS; LIyKpOBUY fiabeT; ormsg

Bctyn

2023 poky ory0JIiKOBaHO pe3yiabTaTh MPOBENEHOIO Y
BenukobputaHii monyssiuiiiHOro 1OCIiIKEHHS 32 y4acTIO
115 664 ocib i mpUCBSIUEHOrO aHaIi3y CTPYKTYpU ceplie-
BO-CyIMHHUX 3axBopioBaHb (CC3) 3aexXHO Bifg 0co0Im-
BOCTEl CITOXMBaHHS BitramiHiB rpynu B. [IpomemoHcTpo-
BaHO, 110 301/IbLIEHHSI CIOXKMBaHHS BiTaMiHy B, (ponaTis)
crpusiio 3HXKeHHo pu3uky CC3 Ha 5 %, a yactku CC3
Y CTPYKTYpi cMepTHOCTI — Ha 10 %. TakuM yuHOM, OYIJIO

3p00JIEHO TIPUIMYLIEHHS, 1110 CITOXUBaHHS (oJaTiB MOXe
OyTH KOPMCHUM SIK YaCTHMHA CTpaTerii MepBUHHOI TTpodi-
naktuku CC3 [1].

Bimomo, 110 doiieBa Krca0Ta BILIMBA€E Ha METa0O0Ii3M
romouucteiny (homocysteine, Hey), rporiecu KpoBOTBO-
peHHsI, peryoe picT i yHkuii kiaituH. [ligBuinenuit pi-
BeHb Hcy BBaxkaeTbest cumbHUM MapkepoMm CC3, a BiTa-
MiH B, € BaXXJIMBUM KOMIIOHEHTOM Y PeTyJisiliii MeTadoizMy
roMouucreiny [2]. Pe3ynbrat HU3KM AOCTiIKEHb BUSIBUIN
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AHTUOKCUIAHTHUI Ta TIPOTU3AMaJbHUIA MTOTEHIIial, a Ta-
KOX CYIMHOPO3IIMPIOBAJIbHI Ta Ba30AMIaTaTOPHI epekTr
Bitaminy B3, 4]. Otxe, BiTaminu rpynu B, 110 cipusitotsb
3HUXEHHIO piBHSA Hcy, MOXyTh OyTH 4aCTUHOIO CTpaTerii
npodinakruku CC3 [5].

BitamiH B, € BaxJ1MBOIO MOJIEKYJIOI0, sIKa Oepe y4acTb y
MeTaboJ1i3Mi Ta mepenayi KIITMHHUX CUTHaIiB. BiH Takox
MOX€ YMHUTU aHTUOKCUJIAHTHY JIit0 Ta 3HUXYBaTH PiBEHb
KiHIeBUX poayKTiB riikyBaHHs (KI1T') — rmikoBaHux 6i-
KiB i miminiB, 6ioMapKepiB pi3HUX 3aXBOPIOBaHb, 30KpeMa
arepockiepornuHnx CC3 i nmykposoro giacety (L) [6].
TloBimoMJISIETBCS, 1110 Y TALIIEHTIB JIITHHOIO BiKy, a TAKOX
xBopux Ha LI/] 2-ro Timry 3 CC3 Bin3HaYa€ThCST HYDKIMI pi-
BeHb BiTaMiHy B, [7, 8]. dedituT Bitaminy B, moB’s13y10Th i3
HU3KOIO KJIiHIYHO 3HAUYIIMX 3aXBOPIOBaHb, IK-OT ayTHU3M,
mu3odpeHist, xBopoba AsblreitMepa, xsopoda IlapkiHco-
Ha, enijerncisa, cunapoM HayHa, LIJI i pak, xoua mpolecu,
1110 JIeXXaThb B X OCHOBI, 3/1€01IbIIIOTO 3AIMIIAIOTHCS HEe3 sI-
coBaHuMH [9].

MeTto10 1IbOro orisimy 0yao OOTOBOPUTH POJIb i OCO-
OJIMBOCTI B3aEMO3B’sI3KiB BiTaMiHy B, i3 cepueBo-cynuH-
HUMM 3aXBOPIOBAHHSIMU Ta IIyKPOBUM J1iabeTOM, a TaKOX
MpoaHaji3yBaTu HOBi TEHAEHIl I HAMPSIMKU MalOyTHiX
JOCTIIKEHb.

bioAoriyHa pOAb BiTaMIHY B, B OpraHiami

Bitamin By — 1e 3arasibHUil TepMiH /151 LIECTU B3a-
€MOIEPETBOPIOBAHUX BOIOPO3YUHHUX BiTaMEpiB: MipH-
nmokcano (pyridoxal, PL), mipunokcuny (pyridoxine, PN) i
nipunokcaminy (pyridoxamine, PM), a Takox ix 5-pocdo-
punaboBaHUX opM: Iipuaokcanb-5’-docharty (pyridoxal
5’-phosphate, PLP), nipunokcun-5’-docdary (pyridoxine
5’-phosphate, PNP) i nipugokcamin-5’-docdary (pyrido-
xamine 5’-phosphate, PMP) [10]. Lle He3aminHMi1 BiTaMiH,
OCKiJIbKM Oepe yuyacTb y UMCIIEHHUX (DepMEHTaTUBHUX pe-
aKIIisax, 30KpeMa MeTaboJ1i3Mi OiJIKiB, yTBOpEHHI Heiipome-
NiaTOpiB, a TAKOX MepeTBOpeHHi Tpurrodany (tryptophan,
TRP) na nianux i Hey Ha meTioHiH [11].

IMTipunokcanb-5’-docdar, GiogoriyHo akTUBHA hopMa
BiTamiHy By, nie sik kocdepMeHT y npuoansHo 200 pizHux
(bepMeHTaTUBHUX TpoliecaX, sIKi KaTali3yloTh HaiBaKII1 -
Billli MeTabOoJiuHi peakilii, IK-OT CUHTe3, IEPETBOPEHHST
Ta Jerpagalisl aMiHiB i aMiHOKMCJIOT, IIOCTa4YaHHS OTHO-
BYIJICLIEBUX OIMHUIIb, TPAHCCYIb(MYBAaHHSI, CHHTE3 TeTpa-
MipOJIOBUX CIIOJYK (30KpeMa, reMiB) Ta moJjiiaMiHiB [12].
[Tipnooxcanb-5’-dochaT TaKoX YMHUTH 3HAYHUI BILIMB HA
OiocHHTe3 i Ierpaaallilo pi3HOMaHITHUX HEpoMe1iaTopiB;
MIPUTHIYYy€ YTBOpEeHHSI aKTUBHUX (opM KucHIO (ADK) i
KIII', reHOTOKCUYHUX CITOJIYK, TTOB’SI3aHUX 3i CTApiHHSAM i
LIJI, oTxe, BUKOHY€E (byHKIIiI0O aHTMOKCUIAHTHOI MOJIEKY-
. Kpim Toro, PLP ¢yHKIiioHye siK MonysiTop dakTopiB
TPpaHCKPMUIILIii, BIUIMBA€ HAa aKTUBHICTb HU3KU (DePMEHTIB
i MOXXe 3B’SI3yBaTUCSA 3 pelielTOpaMU CTePOITHUX TOPMO-
HiB, Biflirpaloyu MeBHY pOJib y MEMOPAaHHOMY TPaHCIIOPTI
[13, 14].

Bitamin B, 6epe akTUBHY y4yacTb B aAuIoreHesi. Y Bic-
LHepalbHill XKUPOBili TKAHWHI OIS 3 OXUPIiHHAM, T10-
PIBHSIHO 3 TMiAIIKipHO, BUSIBIEHO HUX4Uil BMicT PLP,
a TaKOXX 3HAYHO 3HMXKEHa eKCIIpecis MmipuaoKcaabKiHa3u
(pyridoxal kinase, PDXK), 1o mos’s3aHa 3 piBHeM €KC-

npecii rediB agunoreHesy. Kpim Toro, mpomneMoHCTPO-
BaHO, 10 Mix yac audepeHuiallii aaAumouuTiB 3a YMOB
XPOHIYHOIO 3aIajeHHsI Hu3bKoi iHTeHcuBHOCTI (X3HI)
piBenb MPHK PDXK 3HuxXyBaBcs, a 4-1e30KCUNipu-
nokcuH(4-deoxypyridoxine, 4-DP)-onocepenkoBaHe npu-
rHiueHHs aktTuBHocTi PDXK cympoBomkyBanocst 3MeH-
LIEHHSIM eKcrpecii reHiB anumnorexnesy [15]. [IpunyiieHo,
mo PLP 3maTHUit akTUBYBaTH peLieNTOpP, aKTUBOBAHUI
nposicdeparopom nepokcucom-y (peroxisome proliferator-
activated receptor-y, PPAR-Y), onuH i3 ronoBHux simepHux
pelenTopiB, 3aJydeHMX 10 eKCIIpecii TeHiB aguIoreHe3y
[16]. Kpim Toro, PLP MOXe KOH’I0ryBaTH 3 peLiernTop-B3a-
emonirouuM Oinkom 140 (receptor interacting protein 140,
RIP140), ssnepHuM (hakTOpoM TpaHCKPUIILii, TTOCUITIOE
IOT0 KOpeNpecUBHY aKTUBHICTH Ta ()i3i0JI0TiuHy (DYHKIIiI0
y npouecax audepeHuiroBaHHs anunonutis [17]. TTogi-
IOMJISIETHCS, 110 3MiHeHU# piBeHb MeTuaoBaHHsa JJHK
npu LI 2-ro Tuny noB’si3aHUil i3 TUCGHYHKIIIEIO XUPO-
Boi TKaHuHU [18]. Bitamin B, Moxe cripusity minTpumiii
aIeKBaTHOTO PiBHSI METIIIOBaHHs, ocKiabku PLP € xo-
(bepMeHTOM cepuH-TiIpoKCUMeTUATpaHchepasu (serine
hydroxymethyl-transferase, SHMT) [19]. 3HuKeHHS piBHS
BiTamiHy B, Mmoxe migsuiyBatu BMict Hey, ockinbku PLP
€ Ko(akTopoM IJ1s1 LIMCTaTiOHiH-[3-cuHTa3M (cystathionine
beta synthase, CBS) i uucrationin-y-nia3u (cystathionine
v-lyase, CTH), siki 3ayiy4eHi 10 mpoliieciB MeTabo1i3My ro-
moumcreiny [20]. IlinBumenuii piBens Hey aconitoeTbest
3 OXKUPIiHHSIM, KPiM TOTO, MOX€ MOTipIIyBaTH (DYHKILiIO
EHJ0TeJIiI0 Ta MPU3BOAUTU 0 HAKOMUYEHHS JiMiIiB y
nevinui [21]. TToBimomMaseTbes, 1110 BUKOPUCTAHHS Bi-
TaMiHy B, 3MeHIlyBajio HAKOTIMYEHHS JIiMiAiB y MeviHLi
MMUIIIeH JIiHiTl Apoe-/-, sKi repe0yBajii Ha BUCOKOXMPOBIii
nieti (high fat diet, HFD) [13]. BogHo4ac BusIBJIeHO, 1110
y TMAlli€HTIB 3i cTeaTOrernaTuToOM, OB’ SI3aHUM i3 MeTabo0-
JIIYHOI0 TUCGYHKIIEIO, CIIOCTePIra€ThCsl 3HUXKEHHS PiBHS
mipugokcanb-5’-docdary [22]. MexaHi3M, IKu1ii OB’ SI3y€
PLP 3 HakonmM4YeHHSM JIITiIiB y MeYiHIi, TOTpeOye 1mo-
IalbIIMX NOCTiIXEHb, IPOTE HEOOXiTHO 3ayBaKUTH, 110
BiTamiH B, MOXe BIIMBAaTH Ha 11i MPOLIECH LIUISIXOM TOpY-
IIEHHS iHTepKOHBEPCil MoJliHeHACUYEHUX XKUPHUX KUCTOT
(polyunsaturated fatty acids, PUFAs) [13, 23].

P. Calder et al. (2020), onucyo4u CKJIaa0Bi ONTUMATb-
HOTO XapyOBOTO CTAaTyCy y KOHTEKCTi iMyHITETY, 3raayioTh
BiTaMiH B, sk crionyKy, 110 6epe yyactb y GyHKIIIOHYBaHHi
Bci€i iMmyHHOI cuctemu [24]. He MeHIn BaxkauBuUMU 115
MiATPUMKH IMYHITETY € BiTaminu A, B,,, C, D i E, donieBa
KHCJIOTA Ta MiKpOeJeMEeHTH, 30KpeMa IIUHK, 3aJ1i30, CeJIeH,
MarHiii i Migb. Bci i crioiyku miaTpuMyIoTh SIK BpOIKe-
HUI, TaK i HaOyTrii imyHiter [25]. Ha nymky P. Calder et al.
(2020), GinbIIiCTH HACEIEHHS MA€ YMCICHHI Ne(illUTH 1IUX
6iohakTOpiB, TOMY PEKOMEHAYETHCS 1X MOMOBHEHHS [24].
IIpo pousb BiTamiHy B, y mosiermeHHi cuMnToMiB iHGekii
COVID-19 Ta ycknanHeHb, sik-ot LIJ1 i CC3, noBinomsi-
toth T. Kumrungsee et al. (2020) [8]. MoxJ1Bi MexaHi3Mu
oM’ SIKIIIEHHSI MOXYTh OXOTLTIOBATU MPUTHIYEHHS 3ara-
JIEHHsI (3yITMHKa LIMTOKIHOBOTO IITOPMY) i OKCUIIAHTHOTO
crpecy (OC), peryasuito piBHsa Ca**, minBUILIEHHS PiBHS
KapHO3MHY (KapIionpoTeKTOpHAa (DYHKIIisI) Ta MOJIITIIeH-
Hs QyHKUIi iMyHHOI cucTteMu. Bitamin B, Binmirpae kiio-
YOBY poJib Y BUpoOeHHi T-1iM(pOoLuUTIB Ta iHTepICHKiHIB
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(IJT). Woro aediuut mpu3BOAUTH [0 3HUKEHHS IMYHITETY,
YTBOPEHHSI CUPOBAaTKOBMX aHTUTIJI, 3BHUXKEHHSI BUPOOJICHHSI
UI-2 i migBumenns J1-4 [7].

Hapn3suuaiino nikaBo, mo PLP Ttakox BIummBae Ha
¢dopMyBaHHS MiKpobioTu KuileuHuka. BimomMo, 1110 ckiang
MiKpo0ioTH BIJIMBA€E Ha iMyHiTeT tonuHu. CcaBlli HE CUH-
Te3YI0Thb BiTaMiH B, i oTpUMYIOTH i10TO 3 Xel0 Ta AeSIKUMU
KUIIKOBUMU OAKTEPISIMU, SIKi CTBOPIOIOTD ILISIXU JUISI CUH-
Te3y BiTaMiHy (Hamnpukian, Bacteroides fragilis, Prevotella
copri, Bifidobacterium longum, Collinsella aerofaciens abo
Helicobacter pylori). Jlesiki opraHiaMu Mikpo0OioTH TaKoxX
NoTPeOyIOTh OTPUMAaHHS BiTaMiHiB 3 1Xi, SIKYy CIIOXXUBA€E
IXHil1 Xa3siH, a00 BiI iHIIMX KMITKOBUX OakTepiit. Jlo 6ak-
Tepiii, sIKi HE CUHTE3YIOTh BiTaMiH B, Hanexarb, 30KpemMa,
Veillonella, Ruminococcus, Faecalibacterium ta nesixi Lacto-
bacillus spp., y SIKUX BIICYTHill LIUISIX 6i0CHTE3Y BiTaMiHy By
[26]. TectyBanHs 2229 naitieHTiB Ha piBeHb PLP BusiBuio,
10 HAaWHWXYUIi piBeHb BiTamiHy B, 0yB y moneit 3 X3HI.
1 HaBnaku, J110AM 3 BUCOKMM PiBHEM 11bOTO BiTaMiHy Malld
Husbkuii pisenb X3HI [6]. deski qocaiqHUKU MOBigOM-
JISI0Th TaKOX, 110 nediuuT BitTaMiHy B¢ B opraHizmi Moxe
MaTHy CepiO3Hi HACTIIKM TSI iIMyHHOI CUCTEMHU, 30KpeMa,
cnpusiti nopyieHHo 6anancy T-xennepiB (T helper, Th)
Th1-Th2 y 6ik HanmipHoi Th2-Bignosini [7, 27]. A. Gom-
bart et al. (2020) HaBoasITh NPUKJIAAU POJi BiTamiHy B, B
iHdeK1isIX, IMyHHIl BiIMOBINi, MOCUIEHHI IMyHITETy B K-
IIEYHUKY Ta 3pOCTaHHI IIMTOTOKCUYHOI aKTUBHOCTI TTPH-
ponHux Kinepis (natural killer cells, NK) [13, 28].

Pigenn BiTamiHy B, 3a3Buuail O1liHIOETHCS IISIXOM BU-
MiproBaHHs KOHUeHTpallil PLP y rurasmi kpoBi, i Heamek-
BaTHUI cTatyc BiTaMiHy B, sIK mpaBujio, acOLIOEThCS 3
KOHILIEHTpAIIi€I0 HUXKYE 3a piBeHb BiacikaHHs Y 30 HMOJIb/J1.
IH11i MeTOIM OXOILTIOIOTH BUMiptoBaHHs BMicTy PL, 3arasb-
HOrO BiTaMiHy By mia3mi KpoBi, OKa3HUKIB 4-TlipUA0KCH-
HOBOI1 Kucha0TH (4-pyridoxic acid, 4-PA) y ceui, a Takox
cmiBBinHomeHHs PLP/PL [29].

BitamiH B, T MeTa60Ai3M TPUNTOPAHY
OnuH i3 MoxymBUX 1UIsIXiB BBy PLP Ha po3Butok
HU3KU 3aXBOPIOBaHb CTOCYEThCs MeTabonizamy TRP, He-
3aMiHHOI aMiHOKHCIIOTH, SIKa, 30KpeMa, € CyOCTpaTOM IIJIs
0ioCHHTE3Y CepOTOHIHY, N-alleTUICEPOTOHIHY i MeJIaTOHi -
Hy [30]. Brimsbko 95 % TRP metabomisyeTbes yepes KiHype-
Hinosuii (kynurenine, KYN) nutsax. TRP-2,3-giokcurenasa
(tryptophan 2,3-dioxygenase, TDO) ab6o ingonamin-2,3-mi-
okcureHasa (indoleamine 2,3-dioxygenase, IDO) mepe-
TBOp10I0Th TRP Ha KYN, npruoMy akTUBHICTh LMX (hep-
MEHTIB 30iJIbIITYETHCS TIiI BILIMBOM T'OPMOHIB CTpecy abo
3anajabHuX ¢akropiB. Hagani KYN, min BnivBoM KiHy-
peHiH-3-MoHooKkcureHasu (kynurenin-3-monooxygenase,
KMO), nepeTBopro€eThbest Ha 3-TinpokcukinypeHiH (3-hy-
droxykynurenine, 3-HKYN). Kinypenin i 3-HKYN 3a
mornoMoroo PLP-3anexnux KiHypeHiHaMiHOTpaHCDepa3
(kynurenine aminotransferase, KAT) MOXyTb nepeTBopIo-
BaTHCs, BiIIIOBiZHO, Ha KiHypeHOBY Kuciory (kynurenic
acid, KYNA) i kcaHTpeHOBY KucaoTy (xanthurenic acid,
XA). IleperBopenns 3-HKYN Ha 3-rigpokcuaHTpaHiIOBY
kuciorty (3-hydroxyanthranilic acid, 3-HAA) 3miiicHIOETbCS
KinypeHina3zomw (kynureninase, KYNU), akTUBHIiCTb sIKO1
TaKOX 3aJIEXKUTh Bill IMipumoKcanb-5’-gocdary. OcKilbKI

KiHypeHiHa3a € OiablI 9yTuBoio 1o aedinnty PLP mopis-
HSTHO 3 KiHypeHiHamiHoTpaHcdepasoro, aediut PLP 3mi-
mrye meta6oizm 3-HKYN 3 yrBopeHHsIM 3-rimpoKcuaHTpa-
HiJToBO1 Kucioty Ha HakonuueHHsT KYNA Ta kcaHTpeHOoBO1
kuciaotu [30, 31].

Hediunur PLP nepemkomxae katadosnizmy TRP no
OKMCHEHO1 (hopMHU HIKOTMHAMIiAaAeHIHIUHYKJIEOTH Iy (nico-
tinamide adenine dinucleotide, NAD"), 3H13Ky€e YyTBOpEeHHS
eHeprii Ta cTiiikictb 10 cTpecy [32]. Merabonitn KYN, 1o
HakormmuyroThes rpu aedimuti PLP (3okpema, KYN, KYNA
i 3-HKYN), nitoTh yepes peuentop apoMaTUYHUX BYTJIe-
BonHiB (aryl hydrocarbon receptor, AhR) i 6epyTb yyacTb
y 3amnajieHHi. PeuenTop apoMaTUUHUX BYIJIEBOAHIB — 1€
¢akTop TpaHCKPUIILLii, IKMiA Oepe y4acTb y peryJisiii piB-
Hs uutoxpomy p450 (cytochrome P450, CYP), a Takox y
peryisiiii imyHiTeTy Ta qudepeHuianii kinitnH. KiHypeHiH
IHIYKY€E IMYHOCYIIPECilO, 3HIKYE aKTUBHICTb MPUPOIHUX
KisiepiB i piBeHb T-1iM(O1INTIB, 1110 TPU3BOIUTH 110 MiIBU-
1IeHHs piBHS ix anonTo3y [33]. KiHypeHoBa KucjioTa MoXke
CTUMYJIIOBATU MPOAYKIIiIO LIUTOKIHIB, 30KpeMa [JI-1, 1J1-6,
IJT-10 Ta cdakTopa HEKpO3y MyXJMHU O, a TAKOX MOCUITIO-
BaTH Bich cUTHaJIbHOTO NUIAXY 1J1-6/sHyc-KiHa3a,/cUrHab-
HUI TPAHCIYKTOP i aKTUBATOP TpaHCKpUIILii (janus kinase,/
signal transducer and activator of transcription, JAK/STAT),
Ni0YY 32 TIPUHIUTIOM IMO3UTUBHOTO 3BOPOTHOTO 3B’S3KY 3i
ctumystiiero 1J1-6. Lle, y cBolo 4epry, Moxe CTUMYITIOBATH
zaranieHHs [33]. PLP 3HmKye npoaykiito iHTepaeiKiny- 1
6era (IJI-1B), ssKuii € MOTY>KHUM TIpO3anajbHUM IIUTOKi-
HOM, Ta ripoayKiito ADK 1HisixoM iHriOyBaHHS KPiOMipuHy
(cryopyrin, NLR family pyrin domain containing 3, NLRP3)
inHdnamacomu. ledpiuut Bitaminy B, Moxxe nmpussectu 10
migBuieHol mpoaykiii IJI-13 Ta momkomkeHHsT TKAHUH
yepe3 HasiBHICTh BiIbHUX panukaiiB [13, 34]. IHia mikaBa
poib PLP mossirae B peryisitii cepruH-TiIpOKCUMETUITPAHC-
depasu 2 (serine hydroxymethyl-transferase 2, SHMT2),
sika Oepe yJacTb y MeTaboJ1i3Mi (hoJ1aTiB, a TAKOXK PETYJII0E
BupoOJieHHs iHTepdepoHiB I Tuny [35]. Kpim Toro, PLP
HaJIeXKUThb BaxkiuBe 3HaueHHs B HCys-1uisixy sik KoakTopa
IIUCTaTIOHIH-[3-CMHTAa3M i IMCTATIOHIH-Y-J1ia3u, (PepMEHTIB,
110 6epyTh yuacTh y nepetBopeHHi HCys Ha 1iucTartioHiH, a
TaKOX y CMHTe3i LIMCTeiHy 3 mucTaTioHiny. Hecraya miporo
KodakTopa Mnpu3BoauTh A0 miaBuileHHs piBHs HCys, 110
Ma€ cepio3Hi HACIIAKY [UIS1 PO3BUTKY aTePOCKIEPOTUYHUX
CC3 (ACC3) [6, 13].

BitamiH B, i cepLieBO-CyAUHHI
3OXBOPIKOBAHHSA

Bucoxkuii piBeHb CIoxKMBaHHS BiTaMiHiB rpynu B aco-
LIIOETHCS 31 3HAYHUM 3HMKeHHIM pu3nuky ACC3 cepen
HeniabeTyHOI momysanii [36]. PesyabTaty MeTaaHamizy
11 mpocneKTUBHUX KOTOPTHUX JOCIIIKEHD Y 3arajibHiii 1mo-
IyJISLIT TIPOAEMOHCTPYBAIH, 110 301JIbILIEHHS CITOXKBAHHSI
(onatiB Ha 250 MKr/m00y ab0 30iMbIIEHHS CIIOXWBAHHS
BiTamiHy B, Ha 0,5 Mr/n00y acolitoeThes 31 3HUKEHHSIM pU-
3UKY XpPOHiYHOTo KopoHapHoro cuHapomy (XKC) Ha 21 %
(95% nosipunii intepsan (JI1): 11-31 %) ta 13 % (95% Al:
4-22 %), ane He BUSIBUIM KapIiOMPOTEKTUBHUX e(DeKTiB
BiTaMiHy B, [36]. [HIIIe BevKe MPOCTIeKTUBHE TOCITiIKEeH-
HS1, Y SIKOMY B3sUIM yJacTb 43 732 3M0pOBi 40I0BiKM, MTOKa-
3aJ10, 0 OOCTEKeHi 3 HAMBUIIIUM KBIHTUJIEM CITOXKMBAHHS
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doaris i Bitaminy B,, matots Ha 29 % (95% 1. 4—48 %)
127 % (95% 1. 1—47 %) HvKuuid pu3uK ieMigHOTO iH-
CYJIbTY, HIXK YYaCHUKHU 3 HAWHMKIUM KBiHTUJIEM, ajie He
BUSIBWIO 3HAUYNIUX 3B’s13KiB 1Sl BiTaminy B, [37]. Kinbka
MeTaaHali3iB, SIKi BUBYAJIU 3B’ SI30K COXMBAHHS (oiaTiB i
BitaMiHy B 3 puzukom CC3 y 3araibHiii monyssiuii, moxka-
3aJ14, 1110 BUCOKE CMOXMBaHHS (doariB i BiTaminy B, Moxe
3am3uth pusuk CC3 i3 BimHOCHUM pu3uKoM (relative risk,
RR) 11 HaliBUIIIOT TTOPiBHSIHO 3 HAWHMKYOI KaTeropiero
B nianasoHi Bixg 0,79 mo 0,94 nis ¢onatis i Bix 0,87 mo 0,94
1uts Bitaminy B, [36, 38].

IH11€ paHIOMi30BaHE MOABIMHE CIile TIale0d0-KOHTPO-
JboBaHe nociimkeHHss Women’s Antioxidant and Folic Acid
Cardiovascular Study (WAFACS) He BUSIBUJIO TO3UTUBHOTO
BIUIMBY BXWBaHHSI (DOJTIEBOT KUCIIOTH, BiTaMiHy By i BiTami-
Hy B,, Ha 3MEHIIEHHS YaCTOTU CEpLIEBO-CYIUHHUX MOl
cepen XKiHOK 3 BucokuM pusukom ACC3, He3Baxkamouu Ha
3HAYHE 3HMKEHHSI PiBHSI TOMOLIUCTEIHY. MOXIMBUMM TTPY-
YYHAMU HEOTHOPIAHOCTI JaHUX MiX TOCTiIXKEHHSIMUA MO-
KyTh OYTU BiIMiHHOCTI y IW3aiiHi JOCIIIKEHHS Ta IOy~
11ii, po3Mipi BUOipKu, KoBapialliiiHuX rmompaskax Toio [39].

IIpunyckaiots, mo Bitaminu rpynu B, 3okpemMa ¢o:ar,
BiTaMiH B, i BiTaMiH B, moB’s3aHi 3 O1HOBYIIELIEBUM Me-
Ta0O0JIi3MOM i BUSABJISIOTh MeTa0OJIiuHi e(heKTU TOJTOBHUM
YMHOM Yepe3 BIUIMB Ha MeTaboJrisM romonucteiny [40].
T'omolMcTeIH IIISIXOM OTHOBYIJIELIEBOIO MeTaboJIi3My 3a
YJacCTIO METUJIBHOI TPYITH, OTPUMAHOI 3 5-MeTUITeTparin-
podonary (5-methyltetrahydrofolate, S-MTHF), aktuHoi
dopmu donarty, a Takox BitaMiHy B,, ik kohepMeHTY Moxe
OyTH 3BOPOTHO KOHBEPTOBAHUII y METiOHIH ab0 naji po3-
LLIETUTIOBATUCS 10 LUCTEIHY 32 JOMOMOTroo BiTamiH-B,-3a-
nexxHux peakuiii [41]. [TinBumenuit piseHb Hey y mnasmi
KPOBI acolilOEThCS 3 apTepiaibHUM Tpombo3om i ACC3, a
naTodi3ioNorivyHi MeXaHi3MHM, 110 JIeXKaTh B OCHOBI IILOTO
(OC, enporenianbHa nuchyHkitisi, X3HI, nponidepartis
KJIITUH TJIafeHbKKUX M S13iB CYIMH, ITiABUIIIEHA aiTe3UBHICTh
TPOMOOIIUTIB TOIIO) MOTEHIIHO CIIPUSIIOTH TTPOTrpPeCcyBaH-
Hio ACC3 [37].

Bimomo, mo y matorenesi CC3 GepyTh y4acThb IBa OC-
HoBHi (pakTopu: OC i miaABUIIEHHSI BHYTPillIHbOKJIITUHHOT
koHueHTpauii Ca** (intracellular Ca**, [Ca®"]i) abo nepe-
BaHTaxeHHs KapaiomiounTtiB Ca** [42, 43]. Pe3ynbratu
eKCIepUMEHTaJbHUX MOCHiIXKEHDb MOBITOMISIOTH PO
nedextu B peryismii [Ca*]i B KapaioMiolnTax, a TaKoxX
¢byHK1ii capkoriazmatTuyHux K*-agenosunrpudocdar
(adenosine triphosphate, ATP)-3anexHux KaHamis ((sarco-
lemmal ATP-sensitive K* (sarc KATP) channel)), po3Butok
ACC3, XKC, migBullleHHsSI apTepiaJbHOT0 TUCKY Ta I10-
CUJIEHHSI CUMIIATUYHOI HEPBOBOI1 aKTUBHOCTI Y IIYpPiB, SIKi
nepebyBanu Ha B,-nediuntHiii nieti [44]. Lli 3MiHu Oy
MOBHICTIO OOOPOTHUMM TPU BUKOPUCTAHHI €K30T€HHOTO
BiTaminy B, [45].

ITpunymeHo, 1o aprepiajibHa rinepreHsis npu aedi-
UTi BiTaMiHy B, Moxe OyTu onocepenkoBaHa MiIBUILIEHOIO
aKTUBHICTIO CUMIIATUYHOI HepBOBOI cuctemu [42, 46, 47].
[HayK1ist apTepiaabHOI rinepTeH3ii BHACHINOK nediuunTy
BiTaMiHy B, Moxe OyTu 1roB’si3aHa 3i 301/IbIIIEHHSIM Ha/I-
xomxkeHHs1 Ca*" y KJIITUHY [1ageHbKUX M’s13iB cyauH [48].
3okpema, noBinomisgeTbes, o KCl-iHnykoBaHe 30i1b-
weHHs1 BMicty [Ca*']i BinOyBa€eThbcst 6€3 OYIb-SIKUX 3MiH

ioro 6aszanbHoro piBHs. Take migsuieHHs [Ca*']i, BHaci-
noK aenojsipu3anii kapaiomiountiB KCI, Moxe iHayKyBaTH
BHYTPILIHBOKJIITUHHE TTepeBaHTaxXeHHs1 Ca’" Ta nmpu3Bo-
JIUTHU 10 PO3BUTKY AuchyHKIlii Miokapna y B.-nedinutHux
urypis [48].

1106 nepeBipuTH 1110 TiMOTE3y, KJIITUHU TicTioUUTap-
Hoi Jimpomu monuHu U937, 1110 € KIaCUMYHOI0 MOJAEJUTIO
nudepeHIiIoBaHHSI MOHOILIMTIB, KYJAbTUBYBAIM 3 Mipu-
nokcuHoM, PLP, mipumokcamMiHOM i MepOKCUIOM BOIHIO
(hydrogen peroxide, H,0,). OrpumaHni pe3yibTat 1€MOH-
CTPYIOTh, IO CMOJYKU BiTaMiHy B, MOXyTb 3amobiratu
H,0,-3yMOBII€EHOMY YTBOPEHHIO KUCHEBUX PAJMKAIiB i Me-
pexucHoro okucHeHHs JimiaiB (ITOJI), a 3axucHui1 epekr
BiTaMiHy B, Moxe BinOyBaTucs yepe3 Monudikaliito pyHkK-
i1 MiTOXOHAPIii. 30KpeMa, MPOAeMOHCTPOBAHO, IO TIPEiH-
KyOattist kapaiomionutis 3 1-50um PLP 3naTHa 3MeHIyBaTn
ATP-inaykoBaHe 30inbiieHHs [Ca*'|i B Kapaiomionurax i
3B’s13yBaHHsI ATP 3 MmeMmOpaHoto capkosiemu. Kpim Toro,
3MiHaM MOTTMHAaHHS Ta BUBLIbHEHHS Ca’’ y capKoria3ma-
TUYHOMY PETHKYJIYMi, a TAKOX illleMidHO-perepdy3iiiHoMy
MOIIKOIKEHHIO MioKap/a 3anobiraiu mipuaokcanb-5’-poc-
¢arom. PLP cripusB 3MeHIIIEHHIO SIK BUCOKO-, TaK i HU3b-
Koa(iHHMX caiTiB 11 3B s13yBaHHs ATP y MemGpaHax cap-
kojemu. Li criocTepekeHHs MiATBEPIKYIOTh AYMKY IIPO
Te, o PLP Moxe yumHUTH KapaionpoTeKTOPHY il0 TpU
XKC, nocnabiro0uy BAHUKHEHHS BHYTPillIHbOKJIITUHHO-
ro nepeBaHTaxeHHs Ca’*", IMOBIpHO, BHACJIIOK OJIOKaIK1
NnypuHepriuHux peuentopis [48, 49]. OTxe, MoXHA TTPU-
MyCTUTH, 10 Aediuut BitaMiHy B, 3mareH Oyt onHuM i3
YyMHHUKIB po3BUTKY ACC3, a PLP mae kapnionpoTrekTopHi
BIacTuBOCTI [45, 50].

Hediuut Bitaminy B, Mmoxe cnpusitu pozsutky ACC3
BHACJIiIOK 0€3M0CcCepeIHbOrO BIUIMBY HA CYAMHHY TKAHUHY
abo omocepenKoBaHUX eheKTiB 30iIbIIeHHS piBHI Hey y
ria3mi Kposi [3, 51]. [MoBimomuisuiocst, 10 y Mali€HTIB i3
3aXBOPIOBAHHSIMU KOPOHAPHUX Ta repudepuyHux apTepiit
i nepiumrom BiTamiHiB B, Ta B,, crioctepiranocs 36i1blieH-
Hs BMicTy roMouucTeiny [45, 51]. ¥ 3B’53Ky 3 LIUM CIIin
3a3HAYMTH, 1110 TIMIEPTOMOIIMCTETHEMIsT BBAXKAETHCS 100pe
Bimomum (aktopom pusuky XKC, iHpapKkry Miokapma ta
cepueBoi HemoctaTHOCTI [52]. KibKka moBiZoMJIEHb TaKOX
BKa3ylOTh Ha 3B’130K MixX aedinutom BiTaminy B, minBu-
meHuM piBHeM Hcy i XKC [53]. Hu3bkuii piBeHb BiTaMiHy
B, a6o PLP i minumienuii pisenb Hey Takok crioctepirascst
y NaLiEHTIB 3 peBMAaTOIAHUM apTPUTOM i XBOPOOOIO AJbII-
reiimepa [49]. dediuut BitaMiny B, BriinBae Ha MexaHi3Mu
AHTMOKCUIAHTHOTO 3aXMCTY B CEPLi, OTKE, MOXE CIPUSITU
BuHUKHeHHI0 OC [6]. TakoxX MOBiIOMIISLIOC, 110 HU3b-
KUii piBeHb BiTaminy B, a6o PLP nos’s3anuii 3 minsuiie-
HUM piBHeM OioMapKepiB CUCTEMHOTO 3aMaJleHHs, 30KpeMa
C-peaktuBHuM 6i1koM (CPB) [54]. Takum yuHOM, nediuut
BiTaMiHy B, rinepromouucreinemisi, OC i CPb moxyTb
oyTtu HezasexxHumu Mapkepamu XKC [55].

OTXe, MO3UTUBHUI BIUIUB CITOKUBaHHS (DOJIaTiB i Bi-
taminy B, Ha pusuk CC3 3anuiiaerbcs Aeno CreKyJIsiTUB-
HUM, ajie 0i0JOriYHO MPaBIONONiOHUM, OCKITBKM BOHU €
He3aMiHHUMU MOXMBHUMU PEYOBUHAMMU, 1110 OEPYTh y4acTb
B OJTHOBYTJICLIEBOMY METa0O0JIi3Mi, SIKUIi Billirpae BakJIMBY
posb y MeTabouisMi romorucreiny [40, 56]. Kinbka mo-
MepeaHiX iIHTepBeHIIMHMX TOCIIiIKeHb HaTaIu IepeKOH-
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JIMBi TOKA31 TOTO, IO IIPUIIOM BiTaMiHiB Ipynu B 3HauHOo
3HMXYeE piBeHb Hcy y KpoBi [57, 58]. MeTtaaHaini3 obcep-
BallilHUX TOCIiIKEeHb IMPOAEMOHCTPYBAB, 110 3HUXEHHS
KoHIeHTpalii Hcy B cupoBartili KpoBi Ha 3 MKMOJIb/JT aco-
HitoeTbes 3i 3HmkeHHsIM pusuky XKC Ha 11 % (OR 0,89;
95% 11: 0,83, 0,96) i 3HUXKEHHSIM pU3UKY iHCYIBTY Ha 19 %
(OR 0,81;95% 11: 0,69, 0,95). TakuM YMHOM, 3aXHCHA POJIb
¢onaris i Bitaminy B, mpu CC3, MoxX1BO, TTOB’s13aHa 3
BIUIMBOM Ha cTatyc roMoumcTeiny [23]. 3 omHoro 6oky, Hey
3HauHo iHAyKye ekcrnpecito MPHK i 6inka CPb y kiitnHax
M’SI3iB CYIMH, 1O iHillil0€ 3anayibHy Binnosinb [59]. 3 iH-
11oro 00Ky, BBaXKa€eThCs, 1110 pojib Hey B eHooTeiaabHili
IUCOYHKIIIT ormocepefKOBaHA aKTUBAIIIEIO SIIEPHOTO TPaH-
ckpunuiiiHoro ¢aktopa NF-kappa-B (nuclear factor kap-
pa B, NF-kB), X3HI, OC Ta iHriOyBaHHSIM €HIOTeTiaTbHOL
cuHTa3u okcumy a3oty (endothelial nitric oxide synthase,
eNOS), gki cipustiors po3sutky ACC3 [60].

Kpiwm Toro, minBumieHuii pisenb Hcy cripusie anresii
TPOMOOUMUTIB 10 €HAOTEiaTbHUX KJIITUH, a TAKOX aCOLli-
IOETHCSI 3 BUCOKUM PiBHEM IIPOTPOMOOTUIHUX (PAKTOPIB,
L0 MPU3BOAUTE OO0 MOCUJIEHHS TPOMOOYTBOPEHHS [61].
Ha momatok no Hcy-3HmxkyBanbHMX eeKTiB (ojaTh i Bi-
TaMiH B, MoXXyTb 3HMKYBaTH pu3uK ACC3 3aBasKu iHIITUM
AHTUATEPOCKIIEPOTUYHUM BIACTUBOCTSIM, SIK-OT TTOJITIIIIeH-
HsT MeTaboJIi3My iHCYJIiHY Ta JIiMiAiB, a TaKoX 3armobiratu
YTBOPEHHIO KMCcHeBUX paaukaitiB i [1OJI [13, 37].

IaTepBeHLIIHI TOCTIMKEeHHST Ha JOOPOBOJIBIISIX TAKOX
HaJajay NMepeKOHJIMBI IOKa3u TOTO, IO MPUIAOM JIETUYHUX
(xapyoBux) 100aBOK 3 (poraTOM, SIK OKPeMO, TaK i B OEM-
HaHHi 3 BitamiHOM B Ta/a60 B,,, abo BxuBaHH# i, 6araToi
Ha BiTaMmiHu Tpynu B, 3HauHO 3HMXKYe KOHLIeHTpalio Hey
Yy KpoBi [57, 62].

BitamiH B, i LykpoBumn aiabet

Binomo, 1o akrtusaisi OC i npurHiyeHHs] aHTUOKCH -
JAHTHOI 34aTHOCTI MOCIiAalOTh OMHE 3 YiJIbHUX MiCIIb y T1a-
TOreHe3i HelpOHaIbHUX, CYIMHHMX, HUPKOBUX i oTasib-
MOJIOTIYHUX YCKJIaAHEHD, OB’ I3aHMX 3 AiabeToM [63—65].
TpuBana rinepriiikeMist IpU3BOIUTH A0 30imbeHHs ADK,
innykye npoaykuito KIIT', siki cayryiots mapkepamu OC y
ma3Mi Kposi [67]. TIpogeMOHCTpOBaHO, 1110 AKTUBHICTh aH-
TUOKCUJIAHTHUX (PepPMEHTIB, 30KpeMa CylepOKCUIIUCMYTa-
31 (superoxide dismutase, SOD) i katana3u (catalase, CAT),
y TKaHMHAaX MioKapzaa aiabeTUYHUX LIYpiB MmigBuileHa [68,
69]. i dbepMeHTH BimirparoTh 3aXucHY pojib pu ADK-iH-
MyKOBAHOMY TMOIIKO/KEeHHI. TakuM 4YMHOM, MiaBUIIIEHA
aKTUBHICTb CYNEepPOKCUIIMCMYTa3| i KaTajga3u MOxe OyTU
iHTEpIIpeTOBaHA SIK aJanTUBHA BiAIIOBiIb Ha ITiABUINECHUIA
OC [70, 71]. T1oBinOMIISIETCS, 1110 BHYTPIilIHLOIEPUTOHE-
aJlbHe BBEIEHHS Mia0eTMUHMUM CaMIIsIM IIypiB JiHil Wistar
MipUAOKCUHY MPOTITOM 28 Mi0 CIpUsIIO 3HUKEHHIO aK-
TUBHOCTI KaTajas3u [72]. ABTOpU BBaxaroTh, 110 11e MOXKe
OyTH IMOB’SI3aHO 3 TUM, 1110 TMipuaoKcuH norimHae H,O,
i, oTXe, Buaaase cyoctpar katanasu. I[lokazaHo, 1110 Bi-
TaMmiH B, iHriOye yTBOpeHHSI CynepoOKCUAHUX PaAuKaliB
(superoxide radicals, O,7), Ai€ SIK CUHIJIETHUI MOTIMHAY
KMCHIO i 0e3mocepeaHbO B3aEMOIIE€ 3 MEPOKCUIHUMMU pa-
nukanamu (peroxyl radicals, ROO-), npurniuye [TOJI. Kpim
TOro, BiTaMiH B, BriMBae Ha nmepeTBopeHHs1 Hey B iMcTeiH,
IO € KJIIOYOBUM €TarioM y INIYyTaTiOH-3aJIeXXHill cucTeMi

AHTUOKCUAAHTHOTO 3axucTy [3]. OmHaK XiMiYHUIT MeXaHi3M
OTO aHTMOKCHIAHTHOI il 1o KiHLIs He Bimomuii [72]. 3a-
rajioMm ADK MOXyTh 3HEIIKOIKYBATUCS TiAPOKCUIBHUMU
i1 aMiHHUMU TpynaMu, siKi € eJIeKTpOHOTOHOpHUMU [73].
Bitamin B, cknagaeTbcsi 3 MipuAMHOBOIO KiJblisl 3 3aMi-
IIEHHSIM SIK TiIPOKCUJIBbHOI, Tak i aMiHHOI rpym. Tomy He
BUKJIIOYEHO, 1110 aHTUOKCUAAHTHUH MOTEHIIiall BiTamiHy B,
3YMOBJICHUI HAsIBHICTIO IIMX IBOX TPYI y HOTO CTPYKTYDi.
He3sanexxHo Bin 1poro, sIK BBaxkaroTb S. Mutavdzin Krneta
Ta criBabT. (2024), HEOOXiAHO MiAKPECIUTH MO3UTUBHUMI
BIUIMB 3aCTOCYBaHHSI MiPUIOKCHHY Ha CKJIAJHY B3aEMO/Ii0
Mix OC, aHTMOKCUIAHTHUMU (DepMeHTaMM Ta MeTaboJTiu-
HUMMU 3MiHaMU MIPU Oia0beTUIHIi KapaioMionatii [72].

IMoBinomisieThest, 10 y nauieHTiB 3 L1 2-ro Tumy Bu-
SIBJICHO 301IbIIeHHS BMicTy Hcy, i BBaxkaeThbes, 1110 1Ie 110~
CUJTIOE IHCYJIIHOPE3UCTEHTHICTh Ta TUCQYHKIIiI0 CyTUHHOTO
eHmpotelito [74]. Kpim Toro, y xBopux Ha L1 2-ro Tury 3 mi-
Kpo- a00 MaKpOCYTMHHUMU YCKJIaIHEHHSIMU Bepr(iKoBaHi
BUILI ITOKA3HUKHU TOIIMPEHOCTI TileproMoucTeiHeMii, a
B3a€EMO3B’ 130K MiX BUCOKUM piBHeM Hcy Ta LIJI 2-ro tuiry
oo pusuky CC3 mMoxke OyTH KJIiHiYHO 3HAYYIIUM [75].

By piBHi Hey y xBopux Ha LI, HiXX y BinmmoBimHUX 3a
BiKOM KOHTPOJIbHUX 0Ci0, CBigyaTh Mpo Te, 110 piBeHb Hcy
€ TIOTeHILIHUM MapKepoM CEeplIeBO-CYIUHHOTO PU3UKY
B oci6 3 LIJ] 2-ro tuny [21]. TakuM 4yMHOM, MOXHa TPU-
IYCTUTHU, 1110 AOCTATHSI KiJIbKiCTh BiTaMiHiB Ipynu B moxe
BimirpaBaTy BaXXJIMBY POJIb Y MPOMIUTAKTUIHNX 3aX0Hax i B
oci6 3 LI/1 2-ro Tuny. Beauke npocrekTuBHE paHI0Mi30Ba-
He nociimkeHHs: Heart Outcomes Prevention Evaluation 2
(HOPE 2) nponeMoHcTpyBaso, 1110 3HUXKeHHsT piBHS Hey
LIJISIXOM A0JaTKOBOIO IMpuiioMy (posrieBoi KMCI0TH, BiTa-
MiHiB B, i B, mpoTsirom 5 pokiB 3HUXYE PU3UK iHCYIBTY
y nauieHTiB i3 CC3 i/a6o LI 2-ro Tuiy Ta 10JaTKOBUMU
(bakropamu pusuky Ha 25 % [37]. OTXe, pe3yabTaTh IIbOTO
TOCITIIKEHHST «BUMAaI0K — KOHTPOJIb» TTOKAa3aJiu, 110 BUCO-
Ke croXMBaHHs (osatis i BiTamiHy B, ane He Bitaminy B,,
roB’sizaHe 3 HU3bkuM pusrkom CC3 y naienTis i3 LI 2-ro
tuity. OTpuMaHi pe3yJbTaTi OOIPYHTOBYIOTH OOLIBHICTh
3aIIpOBaIKEHHSI BilIIOBITHOI IiETUYHOI IIPOTrpaMU 3 METOIO
npodinaktuku CC3 y nauieHTis i3 LI/ 2-ro Tuny. OnHak
i JOKa31 ITOBMHHI OYTH IMiATBEpIXKEeHI ITOJAIbIINMU I0-
caimkeHHsamu [37].

Pesynbrat HU3KM AOCIIIXKEHb 103BOJIUIN OB’ SI13aTH
HU3bKUI piBeHb B, 3 pO3BUTKOM MiabeTUMHUX YCKIIATHEHD,
30KpeMa Helpormnarii Ta petuHonatii [76, 77]. TToBimoms-
€ThCS, 1110 BXUBAHHS JIiKApChKUX MpenapariB BitaMiHy B,
CTIpUSIJIO 3HAUHOMY TOJIIIIEHHIO KJiHIYHOTO IMepeodiry
niabeTnyHoi Helipornarii [78, 79] Ta 3MeHIlIeHHIO Mporpe-
CcyBaHHS XpoHiuHOi xBopoou Hupok [80, 81]. C. Horikawa
et al. (2020) BUsIBUIM, 1110 BUCOKUI PiBEeHb CIIOKMBAHHS
BiTamiHy B y Koropti simoHcbkux mnaiieHTiB i3 LI 2-ro
TUILY aCOIIIIOETHCS 3 MEHIIIOI0 YaCTOTOIO PO3BUTKY Hiabe-
tyHOi petuHonartii [82]. [oxioHi pe3yabTaTh Oy oTpu-
MaHi ii B eKCIEPUMEHTAIbHUX JTOCHTIIKEHHSIX, 30KpemMa,
3aXMUCHI €(PeKTU MipUIOKCAMIHYy OIMCaHi IIPU MOIEIIOBaH-
Hi CTPEeNnTO30TOIIMHOBOTO AiadeTy B 11ypiB [72]. [Tpone-
MOHCTPOBaHO, 110 y mutieit ninii C57B1/6J, sxi mporarom
12 TrzxHiB nepedyBanu Ha HFD i nieTi 3 Bucokum BMicTom
dpykro3u (high-fructose diet, HFr), 36inbimmnacs maca
TijIa i ToripImMIacs TOJEPaHTHICTD 10 TJIIOKO3M; CTIOCTe-
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pirajucsi BUpaxkeHa JiereHepallisi BAKyoJsIpHOI CUCTeMU Ta
BTpaTa IIiTKOBOI OOJISIMiBKM KaHaJIbLIEBOTO He(pOTETilo,
noB’s13aHi 3 pi3kuM 30inbieHHsIM BmicTy KIIIN i peuen-
TopiB KIII' (receptor for advanced glycation end-products,
RAGE’s). [lonaBaHHsI y TUTHY BOIY MUIIEN MipUAOKCAMiHY
(150 mr/kr/mo0y) 3Ha4HO MO0 YyTIUBICTb 10 iHCY-
niny Ta 3meHiuiao HFD/HFr-inaykoBaHe minBuIlieHHS
BMICTY KpeaTHHiHy B CUPOBATIIi KPOBi i1 aJIbOYMiHy B Cedi.
KpiMm Toro, MmopoJioriuHi 3MiHM HUPOK OYJI1 CYTTEBO HiBe-
JIbOBaHI MipUAOKCaMiHOM, 1110 cripusuio 3meHIneHHio HFD/
HFr-innykoBanoi HanmipHoi aktuBauii NF-kB Ta Rho-
acouiiioBaHoi KiHa3u (Rho-kinase/ROCK/ROK). Otxke,
3aCTOCYBaHHS TMipUI0KCAMiHY IIUISIXOM BTPYYaHHS Y MPO-
GiOpOTUYHI CUTHAIBHI Ta 3amMajbHi KaCKaJau MOXE 3MEH-
ity panHi cranii HFD/HFr-3anexHoro momkomkeHHs
Ta qucyHKLIT HUpoK [83, 84].

BBaxaeTbcs, 1110 BiTaMiH B, MO3UTHBHO BIJIMBa€E Ha
nepedir giabeTUUYHMUX YCKJIaAHEHb TepeBaXKHO 3aBIASKU
CBOIM aHTMOKCHUIAHTHUM BiacTuBocTaM [77, 85]. IIpo-
NIEMOHCTPOBAHO, 1110 BUKOPUCTAHHS MipUAOKCaMiHy MPU
aJloKCaH-iHIyKOBaHOMY Aia0eTi B LIypiB CYNpPOBOIXKYBa-
JIOCSI 3MEHIIEHHSIM BMICTY TperpaH/iaJbHOl TII0KO3H,
3HAYHMM BiTHOBJIEHHSIM aKTUBHOCTI CYTIEPOKCHUIMCMYTa -
31, BMIiCTYy BimHOBJIeHOTrO riiyTaTiony (reduced glutathione,
GSH), nokasnukiB [TOJI Ta mepeKMCHOTO OKMCHEHHS
0inkiB (protein peroxidation, PPO). Kpim Toro, ricromnaro-
JIOTIUHI TOCIiIKEHHsI TKAHWH TIeUiHK! i HUPOK, a TAKOX
aHaJli3 0co0JMBOCTEN MOMKOIKEeHHS KiIiTHHHOI JIHK Tex
MiATBEPAXYIOTh 3aXMCHY poJib BiTaMiHy B, npu niadeti
[86, 87].

IIpunymeno, mo PLP moxe 3axoroBaTu 3-1e30KCH-
rmoko3y (3-deoxyglucosone, 3-DG), oauH i3 meTabomiTiB
uwsixy KIIT, i 3aBAsiky IboMY MEPeIKOIKAE IX YTBOPEHHIO.
Jlimimawnii Gimrap KIIITMHHOI MeMOpaHM, CTiHKA CyIUH, 01T~
KU, JIIIAW Ta HaBiTh HYKJIETHOBI KUCJIOTU KJIITUHU MOXYTb
OyTH IOIIKOMKEHi LIMM BUIbBHUM paguKalioM, SIKIIO 3-1Ie-
30KCHUTIIIIOKO3a He Oy/Ie IIBUIKO HelTpasli3oBaHa aHTMOKCH -
JaHTaMU. In vitro IpoaeMOHCTPOBAHO, 110 iHKYyOal1is 3 PLP
TMOMITHO 3HMXXYBaJla KOHIIEHTpAIIit0 3-1e30KCUTIIIOKO3U Y
no3o3ayiexkHuit coci6 [77]. KpiM Toro, mipuaokcamiH Moxe
YTBOPIOBATH CTA0UIbHI KOMIUIEKCH 3 iOHAMM METaJiB, SIKi
KaTaji3yloTh OKMCHIOBaJIbHI peakllii, MoB’s13aHi 3 KiHLIeBU -
mu ctamisimu Kackamy KIII. Binbie Toro, BUKOpUCTaHHS
Teopii pyHKuioHana ryctuHu (density-functional theory,
DFT) no3Bosisie mpumycTUTH, 110 MipuaOKCaMiH MOXKe pea-
TyBaTH 3 peakiliifHo3AaTHUMU KapOOHJIbBHUMU CTIOJIyKaMu,
1110 YTBOPIOIOTHCS SIK MOOIYHI MPOAYKTHU TJIiKyBaHHS OiJIKiB
i, TAKUM YMHOM, TIPOTUIIE IX TTOAATBIIOMY TTOITKOKEHHIO
[84, 88].

BitamiH B, Ta nowkoa)xeHHs AHK
npu aAiaberi

LlykpoBuii giabeT acoLiIOETHCS 3i 3HMXKEHUM piBHEM
AHTMOKCHUIAHTIB, IK-OT BiIHOBJIEHMIA TJIyTaTiOH, BiTaMiH
C i Bitamin E, a TakoX 3 HU3BKOIO €(DEKTUBHICTIO CCTEM
penapanii JHK [89, 90]. [ToBimoMIISIETbCS, 110 Y XBOPUX
Ha L] six 1-ro, TaK i 2-TO TUITLy CIOCTEPIiraroThCsl OKMCHIO-
BaJIbHI MOIIKOMKEeHHsT Ta po3puBu jaHuoris JHK [91,
92]. IMokazaHo, 1110 y TKaHUHAX AiabeTUYHUX 1L1YypiB i cedi
xBopux Ha LI/l 1-ro Ta 2-ro TUIIB BUSIBICHO ITiIBUIICHUIA

piBeHb 8-0KC0-7,8-IuTinpo-2’-ae30KCUryaHo3nHy (8-0xo-
7,8-dihydro-2’-deoxyguanosine, 8-oxodG), 4yTiuBOro
Mapkepa nomkomkeHHs JIHK, cnpuunnenoro A®K [93].
Kpim Toro, y mauienTiB 3 LIJ] 2-ro TUIly BUSIBJIEHO BUIILY
4acToTy OOMiHY cecTpMHCbKMMU XpoMmatunamu [94]. Bi-
IIOMO, 1110 imeHTUdiKallis Mikposiaep y JiMdoiutax Moxe
cBimuuTy 1po nomkomkeHHs JHK abo xpoMmocomHy He-
CTabIIBbHICTD i € OioMapKepOM IeHOTOKCUYHMX e(eKTiB.
[ToBimoMJISIETBCS, 110 MiABUILIEHA YaCTOTa MiKpOSIAEP BU-
sBeHa y nauieHTiB 3 LIJI 2-ro Tumy 6e3 MiKpoCyanHHUX
ab0 MaKpOCYJAVMHHUX YCKJIaTHEHb i TTOBUTUBHO TTOB’sI3aHa
i3 BMiCTOM TIJliKoBaHOro remorno6iny (glycated hemoglo-
bin Alc, HbAlc), piBHeM mIt0Ko3U y TJ1a3Mi KPOBi HaTIle
[95, 96].

[Mipunoxcanb-5’-¢pocdaT € aHTUOKCUIAHTHOIO MOJIEKY-
JIOIo i oTHOYacHO KodakTopoMm 1ist hepMeHTIB, sIKi 6epyTh
yuactb y Metabomizmi JIHK. Otxe, iiMOBipHO, 3HIKEHA 10-
crynHicte PLP Moxxe cripusiTi 3011bIIEHHIO MOIITKOKEHHS
JHK, moB’sa3aHoro 3 niadetom. JlocaimKeHHsT Ha KyJIbTy-
pax KJituH Drosophila melanogaster Ta MOAMHU JOTIOMOTJIN
OTpUMAaTH JOKA31 Ha MiATPUMKY LI€i TiMOTe3U, MPOAEMOH-
cTpyBaBIH, mo gediumut PLP Mmoxe cripyamHsATH TTOIIKO-
mxkeHHs1 JHK Ha Bcix eranax ¢opmysanus KIIT [97, 98].
3okpema, mokaszaHo, 110 aediuut PLP y KyabTypi KIliTuH
Drosophila melanogaster Ta MoaWHN TTPU3BOAUTH 10 YTBO-
PEHHSI XpOMOCOMHMX abepauiil (chromosome aberrations,
CABs). 3okpema, myTallii B reHi nipudokcanvkinasu (pyri-
doxal kinase gene, dPdxk'), a TakoX 3aCTOCYBaHHSI METOIY
PHK-inTepdepenuii mis npurdideHHs (RNA interference
(RNAi)-induced silencing) rena nipudokcur-5"-gpocgham-
oxcuodasu (pyridoxine 5’ -phosphate oxidase gene, sgll) npu-
3onusin 10 CABs y kiniTuHax Mo3Ky [97, 98]. AHanoriuHo,
CABs BupobGsuiucs B Drosophila melanogaster IMKOTo TUITY
3a JIOIIOMOTOI0 iHTiOiTOpiB PLP, IK-0T He30KCcuItipnaoKcuH,
LIMKJIOCEPHWH, i30Hia3MI i MeHiuuIaMiH. Y BCiX LIMX BUITAI-
kax yacrora CAB 3Ha4HO 3pocTasia Mpu BUKOPUCTAHHI [JTI0-
K031, (DpYyKTO3M a00 caxapo3u, TOAI K LIyKOp He iHIyKyBaB
CAB y M03Ky miofoBoi Myiiku nukoro tumy [98]. i naHi
€ I0Ka3aMu 3B’SI3Ky MixX BiTaMiHOM B, MOIIKOMIKEHHSIM
JHK i rinepriikeMiero, siKi TaKOX BKa3ylOTh Ha T€, 110
Hu3bpKui BMicT PLP i Bucokuii piBeHb INTIOKO3W MOXYTh
cuHepriyHo BrummBatu Ha rpouecu CABs [97].

[Toka3zoBo, 110 PLP-gedinuTHi K1iTHHY HAaKOTTMYyBaJIl
3HauHi piBHi KIIT', yTBOpeHHS IKMX TTOCUITIOBAIOCS TIPU
iHKy0allii 3 I110K03010. IHKy0allis IMX KJIITUH 3 O-JIIITOEBOIO
KHCJIOTOMO CIipusiia TpurHiueHHo yrBopeHHs KIIT i pos-
Butky CABs [84, 99], 1110 111€ Gisblile MiAKPECTIOE MPUUMH-
HO-HACJIAKOBUI 3B 130K MiX BUCOKUM BMiCTOM TJTIOKO3U
ta CABs B ymoBax Hu3bkoro piBHs PLP. Lli nani no3Boamimn
moOyaIyBaTH MOJE/b, 3TiIHO 3 SIKOIO 3HMKeHHS piBHsI PLP
IHIyKYy€ TinepriikeMito, sika, y CBOIO 4epry, CIpUSIE TIPO-
nykuii KIIT i yrBopenHio ADK, BianoBigajibHUX 3a MO-
mkomkeHHs1 JIHK. Llst monens Mmoxxe OyTu 3acTocoBaHa 10
JIIONVHMU 3 OIJISIAY Ha Taki MipKyBaHHS: TeH PDXK monuHu,
BOymoBaHuil y reHOM dPdxk 1 mytanTHOI JiHii Drosophila
melanogaster, 31aTHUI 3HUXKYBaTH Tinepriikemito, CABs
ta HakonmueHHs1 KIIT [84, 100]; RNAi-ingykoBaHe mpu-
rHiYeHHs ekcripecii reHa PDXK nonuHu pu3BOIUTD 10
yrBopeHHss ADK y ¢ibpobiactax Ta KIiTUHAX JIiHii «0e3-
cMmeptHUX» KinituH (Hela cells, HelLa); a-mirmoesa kuciaora
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3amo0birae momkomkenHo JHK, ingykoBaHoMy BUCHa-
xxeHHssM PDXK; excrnipecist rena dPdxk I MmyTaHTHOT JliHi1
Drosophila melanogaster yotupbox Bapiantis PDXK ntronunu
31 BHMKEHOI a00 MOPYLIEHOI KaTATiITUYHOK aKTUBHICTIO
He BruuBae Ha CABs i yrBopenns KIIIN [101]. Y cykynHocTi
i JaHi cBim4aTh IIpo Te, 110 HU3bKMII piBeHb PLP Moxe
crnpuaty nomkomkeHHio JIHK y «miabeTMuHuX» KIIITUHAX
npotsirom mpoueciB yrBopeHHs KIII'. OgHak BaxkIuBimm
€ Te, 1o natieHtaM i3 L1 3 MeToro npodiakTHKKA MOXKJITY-
BocTi mpuenHaHHs CABs HeoOXiTHO KOHTPOJIIOBATU BMIiCT
nipugokcaiab-5’-pocdary [84].

BucHoBKkMU

Otxe, BiTaMiH B, i 1iaGeT TicHO MOB’s13aHi MixX cob010
yepe3 YMCAEeHHI MeXaHi3MU Ta IUISIXU. 3HUXKEeHA TOCTYII-
HicTb BiTaMiny B, mpu L] 2-ro Tumy He Julie Crpusie po3-
BUTKY YCKJaJHEHb, ajie i 3/aTHAa CIIPUSTU BUHUKHEHHIO
niabety. 3okpema, MiABUIIEHUI MONMUT Ha BiTaMiH B, 3 60Ky
cneuupiynux PLP-3anexxHux ¢epMeHTiB, a TaKOX iHillia-
mist mursaxiB X3HI MoXyTh 3MEHIIUTH 10T0 JOCTYITHICTD IIPKU
BariTHOCTI Ta OKUPiHHI. Y TOM ke yac 3HUKEHHS PiBHS Bi-
TaMiHy B, HeraTuBHO BIUIMBA€E Ha CEKpellito a0o OioIoTiuHy
AKTUBHICTb iHCYJIiHY i MOXe CITPOBOKYBAaTH PO3BUTOK Jiabe-
Ty. Y 1bOMY BUNAJIKY MEXaHi3MHU, 1110 BKJIIOYAIOTh MOCUJIE-
HUIi KaTabo1i3M TpunTodaHy yepes KiHypeHiHOBUIA IUISIX,
3HMKEHHS IIBUAKOCTI alUIOTreHe3y, TOPYIIEHHS JIiiTHOTro
00MiHy a00 3HMKEHHSI 30aTHOCTI IMIPOTHUIISITU aTePOCKIIe-
POTUYHMM TIPOLIECAM, MOXYTb CIIPUSTH BUHUKHEHHIO 11y-
KpoBoro aiadety. Kpim Toro, mopyiieHHs aHTUOKCUIAHTHOI
AaKTHUBHOCTI BiTaMiHy B, TaKOXX MOXYTb CIIPUSITA PO3BUTKY
yCKJIaIHEeHb niadeTy. BpaxoByouu polib, sKy Binirpae PLP
y HMiATPUMIII LJTICHOCTI XpOMOCOM, a TAKOX BUCOKUIA pU3UK
paKky, MoB’s3aHUM 3 NiaOeTUYHOIO MATOJIOTIEI0, BaXJIMBO
TIPOBECTU MOAAJIBIIT JOCITIIKEHHSI TSI TTOBHOTO 3’ SICYyBaHHS
MOJIEKYJISIDHUX MeXaHi3MiB, sIKi OB’ I3yI0Th BiTaMiH B, 3
niaGeToM.

Konduikr intepeciB. ABTOpU 3asIBJISIIOTH IIPO BiZICYTHICTh
KOHGMIIIKTY iHTepeciB Ta Bi1acHO1 (hiHaHCOBOI 3alliKaBJIeHO-
CTi IPpU MiATOTOBIIi JaHOI CTATTi.
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Vitamin B,, cardiovascular diseases,
and diabetes mellitus

Abstract. Vitamin B, is a broad term for six water-soluble vitamins
that can change forms. These include pyridoxal, pyridoxine, pyri-
doxamine, and their 5-phosphorylated forms, which are pyridoxal
5’-phosphate (PLP), pyridoxine 5’-phosphate, and pyridoxamine
5’-phosphate. PLP is the biologically active form of vitamin By.
It works as a coenzyme in many enzymatic processes that speed
up the body’s most important metabolic reactions, including the
synthesis, conversion and degradation of amines and amino acids,
the supply of one-carbon units, transsulfuration, the synthesis of
tetrapyrrole compounds and polyamines. PLP also has a big impact
on the metabolism of homocysteine and the biosynthesis of differ-
ent neurotransmitters. It inhibits the production of reactive oxygen
species and advanced glycation end products, which are genotoxic
compounds linked to aging and diabetes mellitus (DM), so it works
as an antioxidant. In addition, PLP functions as a modulator of tran-
scription factors, affects the activity of a number of enzymes, and
can bind to steroid hormone receptors, playing a role in membrane
transport. Researchers have reported that patients with type 2 DM
and cardiovascular disease (CVD) exhibit lower levels of vitamin B,
whereas taking vitamin B, supplements lowers the risk of diabetes
and its vascular complications. We still don’t fully understand the

mechanisms underlying the relationship between vitamin B, and
DM. Instead, a growing body of evidence suggests that vitamin
B, may protect against diabetes complications through its role as
a scavenger of reactive oxygen species. Vitamin B, deficiency has
been linked to a number of clinically significant diseases, including
autism, schizophrenia, Alzheimer’s disease, Parkinson’s disease,
epilepsy, Down syndrome, DM, and cancer, although the under-
lying processes remain largely unclear. The purpose of this review
was to discuss the role and specifics of the relationship between
vitamin B, and CVD and diabetes mellitus, as well as to analyze new
trends and directions for future research. The analysis focused on
the biological role of vitamin By, tryptophan metabolism, and the
correlation between vitamin B, CVD, diabetes, and DNA damage
in diabetes. The search was conducted in Scopus, Science Direct
(from Elsevier) and PubMed, including MEDLINE databases. The
keywords used were “vitamin B,”, “cardiovascular disease”, and
“diabetes mellitus”. A manual search of the bibliography of pub-
lications was used to identify study results that could not be found
during the online search.

Keywords: vitamin By; cardiovascular diseases; diabetes mellitus;
review
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Lianoscbkit O.B., Mopo3osuy 1.1,
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POAb OKCUAQTUBHOIO CTpecy
B PO3BUTKY ABTOIMYHHOIO TUPEOIAUTY:
CY4YQCHUU CTOH Npo6AaemMu
(orasA Aiteparypm)

Pestome. Hasegenuii ornsag nitepatypu 3 nuTaHb natoreHe3y aBToiMyHHoOro tupeoiguty (AIT). AHanizytoum cy-
YacHi HayKoBi jaHi, MOXHa KOHCTaTyBaTtu 3pOCTaHHS KiJlbKOCTi BUNaAKIB LibOro 3axBoproBaHHs, Lo csrae 6—11 %
Y CBITI cepeq [oOpocioro HacesneHHs. HaspiBae HeobXigHICTb y NMoJanbLUnX JOCIIAKEHHAX 4J151 PO3YMIHHS Moro
eTionorii, fiarHoCTuKu Ta fliKyBaHHs. Y LbOMY Or/isi4i pPO3r/isiaeTbCs OKCMAaTUBHUY CTPEC, KWK € HAKONMUYEHHIM
aKTUBHUX LUKIINBUX areHTiB (BiflbHUX paaukanis, MPOOKCUAAHTIB, aKTUBHUX (hOPM KUCHIO), SIKI iHILiOIOTb MOLLIKO-
[DKEHHS1 KIITUH | MpU3BOASTH [0 PO3BUTKY PI3HUX NATONOMYHNX CTaHIB. JOCimKeHHs MexaHiamy BirbHopaauKkarsis-
HOro MOLLKOMXKEHHS1, CIIPUYUNHEHOr0 aKTUBHUMU (hOPMaMm KUCHIO, BIKPUE MOXIIMBOCTI A1 BIIPOBAAXEHHS Ta
onTumisawii aHTMOKeu[aHTHoI Teparnii 4715 xeopux Ha AlT i3 METOKO CriOBIfIbHEHHS NPOrpecyBaHHs 3aXBOPIOBAHHS.
Y BUHUKHEHHI MOLLIKOMPKEHHS KITITUH LUMTOMOAI6HOI 3ano3u (LL3) BaxknvBe 3Ha4eHHs1 HAAAETbCs1 Yy TBOPEHHIO aHTUTIN
i niMepoigHIv iHinbTpayii 3ano03u. Big3Ha4yeHo, Lo reHeTu4Hi hakTopu rnepenyoTs BUHUKHEHHIO NaTonoriYHnx
3MiH. BTpaTa iMmyHHOI TonepaHTHOCTI Jo aBToaHTUreHis LL|3 — tupeoigHoi nepokevgasu (TrO), Tvpeornobynidy
(TT) € ocHoBoto ansi po3suTKy AlT. 3asHaveHa BaxmBa posib OKCUAATUBHOIO CTPECY | peaKTUBHUX (hOPM KUCHIO
B natoreHesi 3axBoproBaHHsi. [MokasaHo, Lo Ha nodatky AlT nepebirac 6€3cuMINTOMHO, YTBOPEHHSI aHTUTIN [0
TrO ta TI” nepenye BUHUKHEHHIO 3aXBOPIOBAHHS | MOXe CBIg4nTy rpo nateHTHui AlT. [oLmpericTs 1aTeHTHOro
AIT BIgpi3HAETbCA B Pi3HNX KpaiHax cBiTy i carae Big 2 4o 20 %, npu4oMy cepen XiHoKk BoHa 6yna B 4—6 pasiB
BuLLa, HX y 4onoBikiB. 3rogom nateHTHui AlT nepexoauTs y CYOKIIHIYHWMY Ta SSBHUV TUPEOIANT i3 rinoTUpeo3oMm.
3axsoptoBaHicTb Ha MaHichecTHu AlT y pisHux KpaiHax ctaHoBuTb Big 27 4o 273 Ha 100 000 HaceneHHs. LiarHo3
AIT BCTaHOB/OIOTL 3a KITIHIYHUMUY O3HaKamu, MO3UTUBHUM Pe3ysibTaToOM CUPOBAaTKOBUX aHTuTin npotu TINO, Tl ta
TiMGboLNTaPHOIO IHGINBTPALEID P UNTOMOMNYHOMY [OCAIAXEHHI. OCHOBHUM HarnpsMKOM SliKyBaHHS rinotupeosy
€ 3amicHa Tepariisi. 38°’930K M AlIT | MOX/INBUM 37105IKICHUM 11€peTBOPEHHAM OYB 3arpOrnoHOBaHWI Y AEKIIbKOX
LOCTIKEHHSIX | BKJIHO4a€E iMYHOOr4HI/ropMOHasIbHI MaToreHHi 38's13ku, Xo4a KOHKPETHa KOpesisLisi Bce Lye o6ro-
BOPIOETLCSA Ta MOTpebye ro[asbLIoro BUBYEHHS 3a JOMOMOIror MpPOCeKTUBHUX JOCITIOKEHb.

Knro4oBi cnoBa: wyuronogi6Ha 3ano3a; aBToiMyHHUN TUPEOIONT,; aHTUTUPEOIAHI aHTUTINA; OKCUAATUBHIUY CTPEC;
ornan

Bctyn

ABTOiMyHHU1 TUpeoinut (AIT) € ogHuM i3 Halino-
IIMPEHIIINX aBTOIMYHHMX 3aXBOPIOBAHb IIUTONOAIOHOT
3ajo03u (1113), ssKe BUHUKA€E BHACIITOK MOPYIIEHHS iMy-
HOJIOTiYHOI TOJIEPAaHTHOCTI A0 BilacHuUX aHTureHis 1113
[1]. BBaxkaetncs, mo AIT € mpossBoM 3arajbHOTO aBTO-
iMYHHOTO TIpOLIeCY, a He JIOKaJIbHUM aBTOIMyHHUM 3aXBO-
proBaHHSIM [2].

[Ipo6aema AIT € akTyanbHOMO Yepe3 3pOCTaHHS KiJlb-
KOCTi iOro BUMAJKiB cepesl HACEJIEHHS Ta 3arajioM 30i1b-
IIIEHHS yBarv 10 aBTOIMyHHUX 3aXBOpPIOBaHb |3, 4]. [liarHo-
cryerbest AIT npubausto mopiudo B 0,3—1,5/1000 oci6,
npudyomy B 4—10 pa3iB vacrime y xkiHox [5]. [TomupeHicth
AIT ouiHroerbes B 6—11 % y cBiTi cepen 10pOCIOro Hace-
JeHHs1 [6]. Bkasyertbcs, 1110 3axBoproBaHicTh Ha AIT Ginblia
B 10p03a0e3IIeYeHNX perioHax, HiX B omome@iuTHUX
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(y perioHax i3 BUCOKMM CITOXMBaHHAM omay gactota AIT
BMIIIa, 30Kpema B AroHii, ['peltil); mommpeHicTe aHTUTHUPE-
OIMHMX aHTUTIJ 3aJIeXKUTh Bil pacu (Oila paca IeMOHCTPYE
OiTbIITY 3aXBOPIOBAHICTD), MiABUIILYETHCS 3 BiKoM [7].

AIT — 3axBoproBaHHSI, 1110 CTAE OCHOBHOIO MPUUYKMHOIO
TinoTUpeo3y cepell HaceJeHHsI, MOPYIIeHb Y poOOTi iHIINX
cucreM (cepleBO-CyAMHHOI, HEPBOBOI, TPaBHOI, OMOP-
HO-PYXOBOIi), IPU3BOAUTD IO 3HVKCHHSI SIKOCTi XUTTA [§].

3rimHo 3 TOCTiIKEHHSIMU, OTHIEIO 3 TEOPill MaTOreHe3y
AIT BBaxkaloTbcs nepekrucHe okucHeHHs Jimiais (ITOJI) ta
MOPYILIEHHST OKUCHIOBATbHO-aHTMOKCUIAHTHOTO OajlaHCy —
okcunatuBHuii ctpec (OC), 1110 CAYTyIOTh MeXaHi3MOM I10-
IIKOMKeHHs K1iTuH 1113 Ta mocuioloTh aBTOIMyHHMI IIPO-
uiec [9, 10]. ¥V xBopux Ha AIT y cTaHi KJ1iHiYHOTO TiOTUPEO3Y
BiI3HAYAETHCS 3HUXKEHHSI aKTUBHOCTI aHTMOKCUJIAHTHOT
cuctemu [11]. BimoMo, 1110 TinoTupeo3 MpU3BOAUTH 0 MO-
CWJICHHS TIPOLIECIB BiIbHOPAAUKAIBHOTO OKMCHEHHSI JIiIiIiB
31 3HIKEHHSIM (DYHKIIii aHTUOKCHIAHTHOI CUCTEMHU, 30KpeMa
KaTajasu Ta nepokcunasu [12]. BusHaueHHsI aKTUBHOCTI
AHTUOKCUJIAHTHUX (PEPMEHTIB, MapKepiB OKCUIATUBHOTO
CTpecy, 103BOJISIE BABYUTHU CTAH aHTMOKCUIAHTHOTO 3aXUCTY.

baraTo coiliaapHO 3HAYYIIMX 3aXBOPIOBaHb CYIPOBO-
JKYIOThCSI OKUCHUM CTPECOM i3 TTOAANIBIIUM YpaxkKeHHSIM
TKaHVH. BiIbHi panukanu BioirpaioTh MPOBiAHY POJIb Y PO3-
BUTKY 1IMX 3aXBoptoBaHb. [ToniOHI npoliiecu BinOyBatThCs
MiJ BIUIMBOM iOHi3yI0UOro BUIIPOMiHIOBaHHSI Ta OaKTepi-
anpHUX iHpekii. OcTaHHIM YacoM BKa3aHO Ha 3HAYHY
poiab OC y po3Butky AIT [13]. BBaxkaioTb, 1110 CHHTE3 TH-
PEOiTHMX TOPMOHIB 3aJIEXKUTh Bill KOHIIEHTPALIil IIEPOKCUITY
BoaH10 H,0,. Yumaso 6ioxiMiuHUX MPOILIECiB BiNOYyBAIOThCS
Ha amiKaJbHili MeMOpaHi TUPEOLMTIB, 110 JO3BOJISIE 00-
MEXWTH [il0 BUIbHUX panuKaliB i yHUKHYTU PYyMHYBaHHS
ki1iTuH. OQHAaK MpU NaTOJOTIYHUX cTaHaX (pepMEeHTaTUBHI
CHUCTEMU TIOPYIIYIOThCS, 1 IX KOMITOHEHTH aHOMAJIbHO aKTH -
BYIOTHCS B LIMTOILIa3Mi, 110 MPU3BOAUTD 10 (DYHKIIOHAJb-
HUX i MOp(OIOTIYHUX ITOPYIIeHb [ 14].

["u61e po3yMiHHSI OKCUIATUBHOIO CTPECY Ta MOro posi
B po3BUTKY AIT Moxke cipusTi po3IIMPEeHHIO ITiAX0MdiB 10
JIIKYBaHHSI.

3a cBOIM eTioJIOriYHUM MOXOIKEHHSIM Ha CbOTOIHI BU-
IISTIOTH IICTh (hopM rtepBuHHOTO AlT, M1 IKMX HE BUSIB-
JIEHO MPUUYMHU: KJIaCUYHA, POJIMHHA, I0BeHIbHA (hopMu;
XaIlIUTOKCUKO3; 0€300JIiCHA, 1110 BUHUKAE Y BariTHUX Ta B
nicnsimonoroBomy repioni. Bropunsi dopmu AIT, B sikux
MOXHa ineHTu¢iKyBaT! €TioJIoTiYHUI paKTop, MOB’SI3y-
IOTh i3 3aCTOCYBaHHSIM iMyHOMOYJIIOBJIbHUX TIpenapa-
TiB, BILTUBOM iH(eKLii, AeSIKUX JIiIKapChbKUX MpernapartiB Ta
exkoJjoriunux ¢axropi. 3aramoM AlT € 6ararodakTropHUM
3aXBOPIOBAHHSIM, 1110 B OCHOBiI Ma€ T€HETUYHI, €KOJIOTiUHi,
ropMoHabHi (pakropu [15, 16].

BHuacninok imynHux 3miH y 113 xBopux Ha AIT BuHuKa-
I0Th 3anajibHi KJIITUHU, 10 SIKMX HajleXaTh IepeBakHo B- Ta
T-xnitunu. JlimdouTy BCTYnaoTh y IIJTbHUN KOHTAKT i3
TUPEOLIMTAMU, YACTKOBO MPOHUKAIOTh Yy LIUTOIIA3MY Ta
BUKJIMKAIOTH X pyiHHYBaHHS. |HKOIN TUPEOLNTH 301IbIIY-
IOTBCS B PO3Mipi, MalOTh TiEPXPOMHE SIAPO; LIMTOIIa3Ma
MEPEIOBHIOETHCSI MITOXOHIPISIMU Ta HaOyBa€ iHTEHCUBHO
POXKEBOT0 KOJILOPY IIpH 3a0apBiieHHi eo3nHOM. Lli KiitTiHmT
3BYThCs KIiTMHAMU [IopTiie Ta MaloTh BaxJIMBE TiarHOCTUY -
He 3HaYeHHd [17].

Brpara imyHHOI TOJIepaHTHOCTI 10 aBToaHTUTeHIB 1113
tupeoinHoi nepokcunaazu (TITO), Tupeornodyniny (TT) Ta
peuenTtopa tupeoTporioHoro ropmony (TTI) € ocHoBoOO
po3Butky AlT.

OC, omocepenKoBaHUiT aKTUBHUMU (hOpMaMu OKCUTe-
Hy (reactive oxygen species, ROS), € BaXJIMBUM YUHHUKOM
MaToreHe3y aBTOIMYHHOIO 3amajieHHs, Y TOMY YMCJIi Ipu
AIT. Y Manux KiIbKOCTSIX, IIIO BBAXKAIOThCS (Pi3i0IOTTIHUMMU,
ROS 3anyyeHi B Takux Tpolecax, K iHIyKIIisl CTPECOBUX
OiNIKiB i (pepMEHTIB; CMHTE3 i pO3Ial IUTOKIHIB; PiCT, MOIT
i muepeHIiroBaHHS KJIITUH; aHTUMIKpOOHUIA, TPOTUBIpYC-
HUI, IPOTUITYXIMHHUI e(eKTH; CTapiHHs i 3arndesib KIITUH;
PYWHYBaHHSI TOLIKOIKEHUX MOJIEKYJI, MIXXKITITUHHOI pevo-
BMHU; PETyJIsisl perapaTUuBHUX IpolieciB Toio [18]. Ipu
3amnaJbHUX 3aXBOPIOBAHHSIX MOJIIMOPQHI siIepHi HeUTpodimm
(PMN) MaioTb BeIMKY 3MaTHICTh MOLIKOAXYBATH KIIITUHU
TKaHMH IIJISIXOM iX HealeKBaTHOI aKTHUBALlil («pecIipaTopHO-
ro BUOYXy») Ta BUBLIBHEHHSI TOKCUYHUX TTPOAYKTiB — ROS,
MpoTeas Ta iHIIMX MOJIEKYJI, a TAKOX 3a y4acTO HeUTpodisib-
HUX MO3aKJIITUHHUX NacToK (neutrophil extracellular traps,
NET), sxi 3a3Buyali CiIy>kaTh 151 3HEILKOIKEHHS MiKpOOp-
rai3miB. [1im yac yrBopentst NET BinOyBa€eTbcs nerpaHyiisi-
11ist mpoaykTiB rpaHysn PMN (Mmienornepokcuaasa, mporeasa,
neeH3MHH TOIO), sSIKi MPUKPITIEHi 10 CITKU SAepHOI YU
MitoxoHapiaabHoI JIHK, 1110 BUBiIBHSIETHCS, Ta 31ilICHEHHS
uuroTokcnyHoi aii PMN [19].

Kpim Toro, aktuBoBani PMN MoXyTb ceKpeTyBaTU
IIMPOKUIA CIIEKTP LIMTOKIHIB i XeMOKIiHiB, SIKi MOXYTb pe-
I'yJIIOBATU MTPAKTUYHO KOXHUI €JIEMEHT iIMyHHOI CUCTEMU.
[Tpu aBTOIMYHHOMY 3amnajeHHi (30Kpema, BacKyJiTax) ue-
pe3 BuBiibHeHHs 3 PMN ¢depmenTiB rpanyi i ROS, 3miny
BJIACTMBOCTEI KOMITOHEHTIB 1X MJIa3MaTUYHOI MeMOpaHU B
pe3y/bTaTi aKTHBallil a00 amoITo3y, a TaKoX Yepe3 BUBLIb-
HeHHsa NET MoxyTh BUHUKATH HeoeImiTonu (aHTUTSHHI
nerepMiHanT) PMN. 1li HeoenmiTonu MaloTh MOTEHIIia
IIJIsI TIOPYIIEHHSI iIMyHHOI TOJIEpaHTHOCTI Ta reHepallii aH-
TUHEUTPODiIbHUX LMTOIUIa3MaTUYHUX aHTUTLT (ANCA),
CHPSIMOBAHUX IMPOTU MPOTeiHA3U-3, a00 MieJonepoKCcHIa-
31, sIKi € aBToaHTureHaMu PMN [20].

JI71s1 cMHTe3y TUPeOoifHUX TOPMOHIB IMOTpiOHa Hoau3altis
TUpeOoImHNX 3anninKiB Ha TT', 3amacu IKOTo € y TUpeOimHOMY
domikyni. Monnsauist karaizyersest TITO i motpe6ye Brco-
Koi KoHI1IeHTpaii nepekucy BonHio (H,0,), 1110 noteH1iiiHO
Hebe3reyHa 151 TupeoluTa. CBOEIO Yeprolo, YTBOPeHHs
H,0, perymoetbscs TTI yepe3 HU3KY B3a€MOJIiIIOUMX BTOPUH-
Hux MeceHmxepis [21]. Momm3anist THpeor o6y tiHy i reHepa-
uist H,O, BinOyBaloThCsl Ha MOBEPXHi amikKaabHOi MEMOpaHU
THUPEOIIUTA, 1110 3a0e3IeUyE X MOoNasbIly y4acTb y peakilisgx
itonu3zauii. HagmipHa Kinbkicts H,0,, o qudyHaye B TMpe-
OLIMT i Ma€ MIKiIIUBY Ail0, 3HUKYETHCSI BHYTPIIlTHbOKJTITUH-
HUMM CEJICHOBMICHMMM Ta KaTaJa3HUMU cucTeMamu [22].

[Tpu migBUILIEeHH] MPOAYKIIii TUPEOITHUX TOPMOHIB HaI-
xonuth curHan y TTT-peuenropu, 3meHiyetbest cunre3 H,O,
Ha amiKaJbHiil MeMOpaHi, JTIMITyeThCS AeTpanallis IepPOKCUIY.
Hutotokcnyna nist H,0, Ha TUpEoLMT BKITIOUAE Kacma3o3a-
JIEXKHUI aronTo3, 10 BifOyBa€ThCS MPU TaKiii KOHLIEHTpaLIii
H,0,, sixa € HenoCcTaTHBOIO [1s1 HEKPO3Y. 32 YMOB 1eilluTy
ceJieHy anonTotuyHa 3aatHictb H,0, 3poctae [22]. [Tpu anex-
BaTHOMY HaIXOIKEHHi ceJIeHY BHYTPIllIHbOKJTITUHHI CUCTEMU
3aXUIIAI0Th TUPEOLIMTH Bill LINX MEPOKCUIIB [22].
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AIT xapakTepu3y€eTbCs TUPEOITHUMU CIeHN(PIYHUMU
aBTOAHTUTIIaMU. X04a TOYHA €TiosoTisl He OyJia MOBHi-
cTio 3’sicoBaHa, AlIT moB’g3aHuii 3 B3aEMOi€I0 MiK Tre-
HETUYHUMM eJeMeHTaMU, (haKTopaMu HaBKOJUIITHbOTO
cepenoBUIla Ta eMireHeTUYHUMU BItuBaMu [23]. KittouoBy
pOJIb Y PO3BUTKY 3aXBOPIOBAHHSI Bilirpa€e KIITUHHUIA i Ty-
MOpaJIbHUI IMYHITET; TAKUM YMHOM, YaCTO BUSIBJISIEThCS
3anajbHa iHdinpTpauisa T- i B-xmitun. NcTomaromoriyxi
03HaKW 3aXBOPIOBAHHS BKJIIOYAIOTh JTiM(OIIa3MOLIUTapHY
iH(iTbTpalio, yTBOpeHHS JiMboigHUX (OIKYIiB i3 3a-
POIKOBUMU IIeHTpaMH1 Ta atpodiro nmapeHximu. Kpim toro,
MosIBa BEJIMKUX (DOJIIKYJISIPHUX KIIITUH, OKCUMITbHUX KJTi-
TUH a00 KJIITUH AcKaHasi yacTto acouitoeThbest 3 AIT.

Kuinigno AIT xapakTepusyeTbcs IepeBaxkHO CUCTEM-
HUMM MPOsiIBAMU BHACTiIO0K ypaxxeHHs L3, po3BuBaeThcs
nepBUHHUI rinotupeos. [diarno3 AIT XammmMoTo BCTaHOB-
JIIOIOTh 32 KJIiHIYHUMU O3HAKAMU, TTO3UTUBHUM pe3yjibTa-
TOM CHUPOBAaTKOBUX aHTUTIJ IMPOTU TUPEOITHUX aHTUTEHIB
(TUpeoinHOoI MepoKCHUIa3u Ta TUPEOrI00yIiHY) Ta JiMGOLM-
TapHOIO iH(PIIBTpALli€I0 IPU IUTOJIOTTYHOMY TOCIIIKEHHI.
OCHOBHMM HaMpsIMKOM JIiKyBaHHsI TiMOTUPEO3y € 3aMiCHA
Teparis. 3B’S130K MixXK TUPEOITUTOM XaIIMMOTO Ta MOKIM-
BUM 3JIOSIKICHUM T1€pETBOPEHHSIM OyB 3alIpONIOHOBAHUI Y
KiJIBKOX JOCTIIKEHHSX i BKIIOYa€ iMyHOIOTiYHi/ TOpMO-
HaJIbHI MaTOTeHHI 3B’S13K1, XOUa KOHKPETHA KOpeJIsIiLisl Bce
1116 0OTOBOPIOETHCS Ta IMOTPEOYE MOAANBIIOTO BUBYEHHS 3a
JIOTTIOMOTO0 TTPOCTIEKTUBHUX JAOCIiIKEHb.

BusHaueHHS reHeTUYHUX MapKepiB BaXJIMBE, MPOTE
TeHEeTUYHA CXUJIbHICTD HE 3aBX/IU MPU3BOJUTH 0 PO3BUTKY
AIT. BukitouHo KoMOiHallisi FTEHETUYHOT CXUJIBHOCTI Ta
(aKTOPiB 30BHIIITHHOTO CepeaoBuIlIa MOXe BUKIMKaT AIT
B OKpeMuX 0ci0. BaXXTMBUM YUMHHUKOM MaTOreHe3y 3aXBO-
PIOBaHHS € PO3BUTOK OKCUJATUBHOTO CTPECY, 3yMOBJIEHUI
aKTUBAIli€I0 TIPOIIECiB BITbHOPAINKAIBHOTO OKUCHEHHS
JIIMiAiB Ta 3HUXKEHHSIM aKTUBHOCTI aHTUOKCUIAHTHOI CUC-
temu. BuBuenns npoueciB [10JI mpu AIT Moxe mo3BonuTu
3aIpOBaJIUTU AHTUOKCHUIAHTHY Tepartilo 3 METOIO CITOBiJIb-
HEHHS TPOrpecyBaHHs XBOPOOU.

AIT He Mae MaTOrHOMOHIYHUX CUMIITOMIB, TIepedirae
Mig MackaMu iHImX 3axBoproBaHb 1113. 3a3Buyaii 3axBopro-
BaHHSI PO3IMOYMHAETHCSI KOPOTKOIO (D300 TUPEOTOKCUKO3Y,
Ha sIKy XBOPi He 3BepTaloTh yBary, a 3BepTaroThCsl 10 JiKapst
B CcTafii KIIiHiYHOro rimotupeosy. AI'T Mmoxe moenHyBaTucs
3 IHIIMMU aBTOIMYHHUMH 3aXBOPIOBAaHHSIMU (IIyKPOBUIA Tia-
0eT 1-ro TMIy, CUCTEMHUI YepBOHUI BOBUAK, aBTOIMYHHUI
TernaTuT, peBMaTOITHUIA apTPUT) Ta OYTH Y CKIIali TOJTieHA0-
KPUHHUX aBTOIMyHHUX CUHIPOMIB [15]. BctaHoBIeHHS mpa-
BUJIBHOTO JIiarHO3y ITOTPeOy€e 000B’SI3KOBOTO BU3HAYCHHSI
PiBHSI LIUPKYJIIOIOYUX aHTUTIT (roJloBHUM ynHOM 10 TITO
Tta TT'), ropmoniB 1113, yn1bTpa3ByKOBOTO OOCTIIKEHHS Ta
3a IMOKa3aHHSIMU TOHKOTOJIKOBOI acTipaliiiHOi MyHKIIiiTHOT
Oiorcii (mpu By3J10yTBOpeHHi) [8].

BusHaueHHs piBHS HupKymowuux aHututin go TITO
MOXHa BUKOPUCTOBYBATH 11 POTHO3YBAaHHS MEPEXOIY
AIT Bin cyOKIIiHiYHOTO rinmoTHpeo3y 10 MaHidecTHoro [11].
[Ipote B yiTepaTypi He BKa3yeEThCs MPO MOXJIUBICTh BU-
3HaueHHs aHTUTLI 10 TI1O m1s mporHo3yBaHHS TEPMiHiB
BUHUKHEHHS TilMOTHUPEOinHO1 ¢a3u y XBOPUX, B IKUX HE
3MiHeHa ¢yHK1is 1113. BctaHoBIeHO, 1110 CTaH TUPEOITHOT
muc@yHKIIil Kopemoe 3 BaxkicTio OC (BUIIUIT MOKAa3HUK

TTI 3a3Buuait € MapKepoM BUpPaXKEHIIINX MOPYLICHD I1e-
PEKUCHO-aHTUOKCUIAHTHOTO 6anaHcy) [21].

Harenep TpamuuiiiHUM METOIOM BEASHHS XBOPUX 3a-
JIMIIIAETHCS 3aMiCHA Tepartisl mperapaTaMu JIeBOTUPOKCUHY
st yeyHeHHs Hacqiaky AIT — rinotupeosy [19]. TlaTore-
HETUYHOTO JIIKyBaHHSI, CKEpOBAHOTO Ha 3MEHILIEHHSI BIUTUBY
ABTOIMYHHOTO MPOLIECY HAa TUPEOLIUTU SIK IPUUMHU PO3BUT-
Ky TiITOTHpeo3y, Ha choronHi He icHye [20]. Po3misimaeTscs
MOXJIMBICTh 3aCTOCYBaHHSI aHTUOKCUIAHTHUX Tpernaparis,
sIKi HOPMAaJIi3yIoTh (DYHKIIiI0 iMyHHOI CUCTeMU, 3aXUIIAI0Th
KJIITUHY Bifl BUIbHOPAAMKAIBHOTO YITKOMKEHHSI KUCHIO [21].

3aIuIIa€eThCs aKTyallbHOIO IpobjieMa He3ad0BUIbHUX
pe3yJIbTaTIB JIIKyBaHHS IAlli€HTIB, SIKi OTPUMYIOTh ageK-
BaTHY 3aMiCHY Teparito. JlaHa cuTyallist 6i1b1I XapaKTepHa
1 AIT 3 ekcTpatpeoinHOI0 CUMIITOMATHUKOO [22, 23].

[TuTaHHS TIPO MOKa3aHHS Ta ONTUMAaJIbHUI 00’€M Xi-
PYPTiYHOIO JIiIKyBaHHS 3aJMIIAETHCS TIPEIMETOM Ae0aTiB
[24]. XipypriuHe BTpy4yaHHsI BUKOHYETbCS MIPU 3/1aBJICHHI
OpraHiB IIMI 30iTIbIIEHOIO 3aJI03010; IPU BY3JI0YTBOPEHHI 3
uToJIoriyHIM pe3yiabTaToM Bethesda I11—VI, i3 kocmeTny-
HUX MIPUYMH, Ha MPOXaHHs naiieHTa [25].

BucHoBkMU

IIpoBenenuii aHami3 JiTepaTypHUX HaHUX 3aCBiTuye,
o AlT 3anuiaeTbest OJHIEIO 3 BaXXKJIMBUX MPOOJIEM Y ra-
JIy3i €eHIIOKPUHOJIOTII Ta CTAaHOBUTb 3HAUYIIIMM BUKJIUK TSI
MEIUYHOI IPOMaJICbKOCTI, TOTPEOYIOUU MOETHAHHS 3yCUIb
HAYKOBILB i KJIIIHIMCTIB IJIs1 TOAAIbIINX TOCTiIKEHb, PO3Y-
MiHHSI OTO IIPUYKMH i BIOCKOHAJIEHHS METOMIB DiarHOCTUKM
Ta JIiIKyBaHHsI. 3pOCTaHHS yBaru A0 i€l MpodieMu Moxe
MPU3BECTHU 10 MOSIBU HOBUX ITiIXOMiB, 1110 MOJIMIIATh SIKiCTh
JKUTTS TALieHTIB Ta 3MeHIIaTh BIuiuB AlT Ha rpomanceke
310poB’s. JlocaimkeHHsI MeXaHi3My BIUIMBY BiJIbHOpaau-
KaJIbHOTO YIIKO/XKEHHST aKTUBHUMU (hopMaMu KUCHIO 103-
BOJIUTH BIIPOBAJUTHU Ta ONTHUMIi3yBaTM aHTUOKCUAAHTHY
Tepamito y xBopux Ha AlIT.

Ha namy nymKy, mutst po3B’si3aHHs 1IUX TTpo0JieM Heo0-
XiIHO OLIIHUTYU aKTUBHICTbL nepebiry AIT ta, BpaxoByouu
TMOKa3HUKW aBTOIMYHHOTO TIPOIIECY, 3aCTOCYBAaTH aHTUOKCH -
NIAaHTHI MpenapaTu 3a e(heKTUBHOIO CXEMOIO JIJIs1 BIUTMBY Ha
AKTUBHICTh aBTOIMYHHOTO TIPOIIECY, CITOBIIbHEHHS TIPO-
rpecyBaHHsI 3aXBOPIOBAHHSI Ta MOJIMIIEHHS SIKOCTi XKUTTS.

KondutikT inTepeciB. ABTOpH 3asiBSIIOTH PO BiICYTHICTh
KOHJIIKTY iHTepecCiB Ta BlacHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi IIpM MiATOTOBII JAHOI CTATTI.

Indopmanis npo dinancyBannsa. [Ixepena miATpUMKuU
BiICYTHI.
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The role of oxidative stress in the development of autoimmune thyroiditis:
current state of the problem
(literature review)

Abstract. The review article examines the issues of autoimmune
thyroiditis (AIT) pathogenesis. Analysis of current scientific data
revealed an increase in the number of cases of this disease (6—11 %
worldwide among the adult population), and the need for further
research to understand its etiology, diagnosis and treatment is
emerging. This review considers oxidative stress that is the ac-
cumulation of active harmful agents (free radicals, prooxidants,
reactive oxygen species), which initiate cell damage and lead to
the development of various pathological conditions. The study on
the mechanism of free-radical damage caused by reactive oxygen
species will open opportunities for the introduction and optimi-
zation of antioxidant therapy of patients with AIT in order to slow
down the progression of the disease. In the occurrence of damage
to thyroid cells, the formation of antibodies and lymphocytic infil-
tration of the gland play an important role. It has been noted that
genetic factors precede the occurrence of pathological changes.
Loss of immune tolerance to thyroid autoantigens such as thyroid
peroxidase (TPO), thyroglobulin (TG) is the basis for the deve-
lopment of AIT. The important role of oxidative stress and reactive

oxygen species in the pathogenesis of the disease has been noted.
It has been shown that at its onset, AIT is asymptomatic, the for-
mation of antibodies to TPO and TG precedes disease occurrence
and may indicate latent AIT. The prevalence of latent AIT varies
in different countries of the world and ranges from 2 to 20 %,
and among women, it was 4—6 times higher than in men. Over
time, latent AIT turns into subclinical and overt thyroiditis with
hypothyroidism. The incidence of overt AIT in different countries
ranges from 27 to 273 per 100,000 population. Diagnosis of AIT is
made by clinical signs, positivity to serum antibodies against TPO,
TG and lymphocytic infiltration on cytological examination. The
main treatment direction is the management of hypothyroidism
with hormone replacement therapy. A relationship between AIT
and a possible malignant transformation has been suggested in
several studies and involves immunological/hormonal pathogenic
links although specific correlation is still debated and needs to be
further investigated in prospective studies.

Keywords: thyroid gland; autoimmune thyroiditis; antithyroid an-
tibodies; oxidative stress; review
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CeprieHko B.O.", Yemepuc O.M.", lonosay C.fO.?, CeprieHko O.O.’
" AbBIBCBKMV HALIOHQABH MEAVNYHI YHIBEPCUTET iMeHi AQHUAQ [QAMLIBKOrO, M. /\AbBIB, YKpQiHQ
2 BinCbKOBO-MEANYHU KAIHIYHUV LIEHTP 3QXiAHOro perioHy, M. /AbBiB, YKpaiHa

MoCTTPABMATUYHUN CTPECOBUMN PO3ACA,
LYKpOBUM AiabeT i aAbda-AInOEBO KNCAOTA

Pestome. lMoctrpaBmatnyHmi ctpecosuii posnag (MTCP) € nporHoCTUHHUM ¢hbakTOPOM /1 PO3BUTKY METabo-
niyHoro euHapomy (MC), uykposoro giabety (L[) 2-ro tvny, NigBULLYyE pU3NK BUHNKHEHHS KapaioMeTaboniqyHnx
nartorsiorivi | HevipogereHepatnsHux 3axsoptoBaHb (HO3). BogHo4ac U 2-ro tury Ta MC Takox 3aatHi Cripu4nHATI
PO3BUTOK OCHOBHMX HEBPO30MOMIGHUX Ta NCUXiaTpUYHX CUMATOMIB, MpuTamanHux 4rs MTCP. IxHivi Brms Moxe
rposiBAISAITUCS Yepe3 HeraTuBHi e(heKTn Ha LeHTpasibHy HEPBOBY cucTemy, 3okpema po3sutok HAO3. OkeupaHT-
Hui ctpec (OC) i XpoHidHe 3ananeHHs1 Hn3bKkoi iHTeHensHocTi (X3HI) BigirpatoTe BaxmBy porib y narogisionorii
FTCP, MC ta U/ 2-ro tuny, pobsisiun ix OCHOBHUMU TEPaNeBTUYHUMM MiLLeHsIMK. LlinecripaMoBaHuii BrvB Ha
OC, X3HI Ta nopyLueHHs1 MITOXOHAPIabHOro MeTabosniaMmy, BUKOPUCTaHHSI aHTUOKCUAAHTIB, 30KpeMa a-y1inoeBoi
kucnotun (a-lipoic acid, ALA), MOxe no3uTuBHO BIIIMHYTU HE JINLLE Ha nepebir KOMOP6iaHNX 3axBoptoBaHb, ane i
Ha ocHosHi nposisn MTCP. In vitro Ta in vivo npofemMoHCcTpoBaHo, Lo ALA MOAYI0e HU3KY LUMSXIB, OB’ A3aHNX i3
OC. Kpim Toro, pe3ynbtatv KiliHiYHUX JOCTIKEHb MigqTBEPLXKYHOTb aHTUOKCU[AHTHMV MexaHiam giif ALA y navieHTis
3 oxupiHHam, MC, L 1-ro ta 2-ro tunis. HevipornipoTekTopHa akTuBHiCTb ALA akTBHO BMBYaETLCA | 3acBig4ye
CBOIO MEPCNEeKTUBHICTb 5K TepaneBTuYHuI nigxig B nikysaHHi [TCP ta HAS. Monpu 3Ha4HWi TepaneBTuYHU ro-
TeHyian ALA, ii KnliHiYHe 3acTocyBaHHs1 0OMEXeHEe HN3KOK CyTTeBUX 6ap’epis. 3okpema, KIiHiYHUM [OCTKEHHSIM
b6paKye cTaHAapTU30BaHUX NPOTOKOJIIB JIKYBaHHS, & TaKoX AeTasibHOI oUiHKu echbekTnBHOCTI ALA sk MoHoTeparii.
Kpim Toro, ¢hapmakokiHeTn4Hui npogpinib ALA 3anmuaeTbcsi 0O6MEXEHUM, LLO € OAHUM i3 OCHOBHUX (haKTopIB, AKi
YCKNanHIoKOTb il BUKOPUCTAHHS. Y LIbOMY KOHTEKCTI MPOCIAKOBYIOTLCS MEBHI NePCrEKTUBU LLOLO CTBOPEHHS CUCTEM
TpaHcroptyBaHHs1 ALA Ha OCHOBI HAHOHYACTUHOK, SIKi MOTEHLIVIHO 3AaTHI BUPILLMTY HU3KY 3a3HaqeHunx rnpobiem. Kpim
TOro, TEXHOJIOrIT 3aCTOCYBaHHS TBEPAUX JTiMIAHNX HAHOYACTUHOK, 30KpemMa HIOCOM, Jlin0COM, HAHOCTPYKTYpPOBaHNX
JinigHYX HociiB i Miyer, 3abe3rneyytoTb MOX/IMBICTb MiCLeBOro abo cucTeMHoro sukopuctaHHsi ALA. lNpote ans
OCTaToO4HOIr0 BU3HAYEHHS KITIHIYHOI OLiNIbHOCTI Ta TepaneBTnYHoro noteHyiany ALA HeobxigHe rnpoBeneHHs rno-
AanbLUumx JOKIIHIYHMX | KIiHiYHMX gocnimkeHs. MoLuyk nposogmscs B Scopus, Science Direct (Big Elsevier) i PubMed,
BKJ/IHO4HO 3 6a3amu gaHnx Medline. BukopucTaHi KIto4OoBi C/10Ba «a-linoesa KMCoTa», «ocTTpaBMaTuydHui cTpe-
coBukt poanag», «4yKpoBuk giabet», «MeTabosniqHui cuHapoM». [ns BUSB/IEHHS pe3yrbTartiB JOCAXEHb, SKi HE
BAjlas10Ccsl 3HaUTU i Hac OHIaVH-MOLLYKY, BUKOPUCTOBYBABCS PYy4YHWMY MOLLIYK 6i6tiorpadii rybsikawiv.

Knro4oBi cnoBa: a-ninoesa kucnota; nocTTpaBMaTUyHn CTPECOBMI pO3nas; LyKpOBui iabeT; MeTabosidHmi
cuHAPOM; ornsg nitepatypu

Bctyn

AXTUBaIlisg 3amajJbHUX IPOLECIB i CYIIYyTHE OKCHU-
MAaHTHE TOMIKOIXEHHS BiJirpaloTh KJIOYOBY pOJb Y
PO3BUTKY CeplieBO-CyAnHHUX 3axBoploBaHb (CC3) npu
nykposBomy miabeti (LI1) [1]. O6uaBa gaBuIa € HaCTia-
KOM IUCOHYHKILiT KJTITUHHOT aHTUOKCUAAHTHOT CUCTEMU
yepe3 HaIMipHe YTBOPEHHS BiIbHUX paJuKalliB, 110 BU-

HUKa€E BHACIIIOK MOPYILIeHb META00Ji3My ITIOKO3U Ta
ninonpoTteiniB [2]. BomHouyac ncuxiuHi po3magu, Taxi
K JeTpecisi Ta TpUBOTa, € TOCUTH MOIIUPEHUMHU Ce-
pen MamieHTiB i3 MeTabOoJiYHUMHU 3aXBOPIOBAHHSIMU,
Brutovatouu LI, nucninigemiro Ta CC3. Lli ctanu yacto
CIIiBICHYIOTh, CTBOPIOIOUM 3aMKHEHE KOJO B3aEMHOTO
noripimeHHd [3].
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Ilocunena yBara HayKOBIIiB 30cepe/sKeHa Ha 3B’ SI3KY
MiX MeTaboMiuyHO0 UCHYHKILEIO Ta MCUXIYHUMU PO3JIa-
JlaMU, 30KpeMa MOCTTPaBMAaTUYHUM CTPECOBUM PO3JIaIOM
(ITTCP). IITCP, okpiM BiracHe MCUXOJIOTIYHUX TPaBM,
acouitoetbes i3 CC3, metadoniunum cuHapomoM (MC),
ILIJ1 2-To Tumy, aBTOIMyHHMMH CTaHaMU Ta, KIMOBipHO,
«TIPUIIBUILIEHUM OiosiorivHUM ctapiHHsaM» [4]. Komop-
oigHicTh nipu I1TCP € mommpeHuMm sBUILIeM, 30KpeMa pe-
3yJIbTAaTU MACIITAOHOTO MOMYJSILIAHOTO NOCTIIKEHHS Y
Benuxiit bpuranii cepen 7403 nopociux ocib moxkasaju, 1o
nownpeHicts [ITCP cranoBwia 2,9 %, nipu LibOMy 4acToTa
KoMOpOinHux craHiB — 78,5 % [5]. B Ykpaiui nonazn 20 %
BHYTPIIIHBO MepeMillleHnX ocib cTtpaxnamoTh Bim CC3, a
KOXeH ApanusaTuit 3 Hux — Big L1 [6]. EMouiiini peaxuii
Ha TICUXOCOIiaTbHUM CTpeC CIPUSIOTh PO3BUTKY OKCH -
nantHoro crpecy (OC), XpoHIUHOro 3amnajeHHs HU3bKOT
inTencuBHocTi (X3HI), nucdyHkiiii BereraTUBHOI HEPBOBOI
CUCTEeMHU, SIKi € TIPEAUKTOPAMU iHCYJIHOPE3UCTEHTHOCTI
(IP) Ta mporpecyBanus LI/ 2-ro tuny [7, §].

JocmimkeHHs] KOMOPOiTHMX CTaHIB 3a/IMIIAETHCS BaK-
JIMBUM HAIPSIMOM, OCKLIbKU CBOEYACHE iX BUSIBJIEHHS MOXeE
OyTH e(PEeKTUBHUM TSI 3MEHIIIEHHS PiBHS 3aXBOPIOBAHOCTI,
3aro0iraHHs XpoHi3allii Ta BTpati (yHKIIIOHATbHUX MOX-
nuBocTeii. Ha ocoOnmBy yBary 3aciIyroBye OIliHKa IMOTEH-
HiHHUX MOAEPOBaHUX (DAKTOPiB, 30KpeMa 0ioI0TiuUHOrO
XapakTepy, TaKuX SIK 3B’SI30K MixX iMyHOJIOTIYHUMU TTOPY-
IIEHHSIMU i CTPECOBUMU PeaKIIisSIMU, 1110 MOXE TOSICHUTH
ocobarBocTi B3aemMuH Mixk [ITCP i neBHUMU KOMOPOiTHU-
mu posznanamu [9]. OC ta X3HI € kitouoBumMu hakTopamu
LUX TIPOLECiB, pOOJISIYM IX OCHOBHUMU TeparieBTUYHUMU
mimensmu [10, 11]. LinecnpsmoBanuii BriuB Ha OC,
X3HI Ta nopyuieHHsI MiTOXOHpiaJIbLHOTO METaboi3My,
BUKOPHUCTAHHS aHTUOKCUIAHTIB, 30KpeMa Q-JIiM0EBOI KUC-
notu (a-lipoic acid, ALA), MoXe ITO3UTUBHO BIUIMHYTH
He JIMIle Ha COMAaTUYHI CyMyTHi 3aXBOPIOBaHHSI, ajie il Ha
0CHOBHI cumnitoMaTuyHi rmposiBu [TTCP.

MeTtom ornsay Oyjio BCTAaHOBJIEHHSI B3aEMO3B’3KY
IITCP Ta nopyiieHb ByrjieBOOHOIO OOMiHY, MOXKJIMBOCTL
3aCTOCYBAaHHS QL-JIIMOEBOI KUCJIOTHU SIK TeParieBTUIHOTO
areHTa, a TaKOX aHasli3 HOBUX TEHACHIIil Ta HanmpsIMKiB
TMOJATBIIUX JOCTITKEHb.

MoCTTPABMATUYHUIN CTPECOBUN PO3ACA
i NOpyLUEHHS BYTA@BOAHOIro O6MiHYy

IITCP posrasagaeTbes K 3HaUyILIMN (aKTOp pU3UKY
po3BUTKY MeTaboniuHux ropymenb i CC3 [12, 13]. Le min-
TBEPXKYETHCS pe3yJbTaTaMU HU3KU JOCIiAXEHb, 3TiHO
3 IKUMU BCTaHOBJICHO TicHMI 3B’s130K Mixk [ITCP, MC i
oXupiHHSM [ 14]. MeTaaHaniTUYHI JaHi CBiT4aTh PO BUCO-
Ky CITOPiIHEHICTb VX CTaHIB i MAKPECII0I0Th HEOOXiTHICTh
ix netanbHOro BuBYeHHS. [ITCP yacTo acomitoeThbes 3 po3-
BuTKOM [P, 1110 CrTIOHYKaJ10 AesK1X NOCIiIHUKIB OXapaKTe-
pU3YBaTU MOTO SIK «3aMaCcKOBaHUI MeTaOOIYHUIT pO3JIamg»
[9]. KpiM TOTO, OMHMM i3 HAOIIbII MOIIMPEHUX GioaoTiv-
Hux guil npu IITCP e migBuieHi piBHI 3ammaJibHUX Map-
KepiB, 1110 CIYT'YE OCHOBOIO AJISI TiMOTE3M PO iMyHOJIOTIUHY
npupoay aaHoro posiaay [15, 16]. HoBiTHi gocmimkeHHSs
BKa3ylTb Ha KJIIOYOBY POJIb TJiaJIbHUX KJIITUH Y 3B’SI3-
Ky Mixx OC Ta Helpo3anajJbHUMU peaxilisiMu. 30Kpema,
OKCHJAHTHE TTOUIKOJ/IKEHHSI TJTiaJIbHUX €JIEMEHTIB CIIPUSIE

IMIBUIIEHHIO CeKpellii mpo3anaIbHUX IUTOKIHIB, aKTUBY-
1041 MeMOpaHHi perienTopu HeilpoHiB. Lle mpu3BoauTh 10
aKTMBAllii IIpo3anaJbHUX IUISIXiB i CIPUYMHIOE PO3BUTOK
Helipo3aranenss [17, 18].

MiTtoxoHapii 3aliMaloTh LIEHTpaJIbHEe Miclie y 30epe-
JKEHHi KJIITUHHOTO TOMeOCTa3y, eHepreTUYHOMY MeTa-
6o0ni3mi Ta peryasuii OC. Lli nBomeMOpaHHi opraHeau
He Juie 3a0e3MeuyioTh BHYTPIIIHBO- Ta MiIXKKIITUHHY
KOMYHIKallilo i CHHTEe3 CTePOiTHUX TOPMOHIB, ajie il 6epyTh
y4acThb Y IeTOKCHUKAIIii, peTyJIsiIii allonTo3y Ta CeKBeCTpa-
1ii BHyTpilrHboKIiTHHHOTO Ca** [19]. ¥V manieHTiB i3
IITCP BcTaHOB/EHI YMCAeHHI MeTa0OMiYHiI MOPYILIEHHS,
cepen sikux — X3HI, IP, 3MeHIIIe HHSI KiJIbKOCTi KOITii1 Mi-
toxoHapianbHoi JIHK ta Moaudikaii npouecis JJHK-me-
TWJIIOBAHHS B IIJITHKAX TTIOKOKOPTUKOITHUX PELENTOPiB
[4]. Kpim Toro, BUsBIeHI qudepeHIIiiioBaHi METMILOBaHi
TeHU, 1110 KOPEeIIoIOTh 3 TMC(YHKIIIEI0 MiTOXOHIpili, He-
BPOJIOTIYHUMMU ¥ MCUXIYHMMU po3JIalaMu, a TAKOX TPO-
liecaMM CTPECOBHUX peaklliif i eHTOKPUHHO-HEUPOHHOI
curHaizaii [20].

IITCP € nporHOoCTUYHUM (haKTOPOM ISl PO3BUTKY
MC, 1110 CynpOBOIXKYETHCS 3MEHIIEHHSIM TOBIIUHU KOPHU
rojgoBHoro Mo3ky. I[ToBimomisetbcs, mo [NTCP minsu-
1Y€ PU3UK BUHUKHEHHS KapaioMeTa0oJiYHMX MaTOJOTil
i HelfipoaereHepaTuBHux 3axBoptoBanb (H/13). Lle npu-
3BOJIUTDH 10 3HAYHOTO MOTipIleHHs (hi3MYHUX i KOTHITUB-
Hux QyHKIii [21]. 3MiHM CTOCYIOTBCS Pi3HUX 0iOJOTIUHUX
CHCTEM, 30KpeMa TinoTajsaMo-TinodizapHo-aapeHaloBol
oci, BeretatuBHOi HepBoBoi cucteMu, OC, X3HI Ta mi-
Kpobiomy [22]. CucremHi 6ioxiMiuHi Ta maTodi3ioloriyHi
3MiHU CIIPUSIOTH SIK MOSIBIi COMAaTUYHMX CYIyTHIX 3aXBO-
pIOBaHb, TaK i GOPMYBaHHIO OCHOBHUX MCHUXiaTPUUHUX
cumntoMiB IITCP, gki TicHO moB’s13aHi 3 AisSUIbHICTIO
neHTpanbHoi HepBoBoi cuctemu (LIHC) ta moBemiHKoO10.
[MpuunHu nopyuens dyHkuionysanHs LITHC vacto cTa-
HOBJISITh KOMOiHalio ¢akTopiB, Takux sk OC, X3HI i1
LIMTOTOKCUYHICTD [23, 24]. Baxkiuso 3a3HauuTu, 1o X3HI
MOXe OYTM HacJiZKOM eHaoTesianbHoi nucdyHkiii, 1P,
OC i aprepianbHoi rinepreHsii (Al') abo X BUKOHYBaTH
pPOJIb OJTHOTO 3 IXHiX KJIouoBUX 30ynHuUKiB [25]. Lle nae
3mory posriasgaatu [ITCP He nmumie sk XpoHiuyHE HOpy-
IIEHHSI TICUXiYHOTO CTaHy, ajie i SIK CUCTEMHE 3aXBOPIO-
BaHHSI, 110 Ma€ GaraToBuMipHy npupony [26, 27]. Takuii
ninxin migkpecitoe ckaaaHuit xapakrep [ITCP, criinbHMit
i3 YMCIEHHUMM Oi0XiMiYHMMU Ta MOJIEKYJISIPHO-KIIITHH-
HUMM TIpOLeCcaMU, 1110 3yMOBJTIOE HEOOXiTHICTh MiXKIMC-
LIMIJIIHAPHOTO MiAXOMy 10 aHali3y (pakTopiB pU3UKY Ta
pPO3pOOKM TeparneBTUUYHUX CTPATETIH.

MNopyLueHHs BYrA€BOAHOIro OOMiHY,
NCUXOCOMATUYHI
TO COMATOMNCUXIYHI PO3ACAU

MC Buctymae 3HauymmuM (HakTOpoM PU3UKY PO3BUTKY
CC3 ta LI/, cyTTeBO MiABUIIYIOUM MMOBIpHICTh IXHBOTO
BUHUKHEHHS. 3a aKTyaJIlbHUMU JaHUMU, OJM3bKO 25 %
TMpeNCTaBHUKIB CBITOBOI MOMYJISILiT BUSIBJISIIOTH 03Haku MC.
J10 OCHOBHUX MeXaHi3MiB 10ro po3BUTKY HaJlexKaTb peMO-
NIeJTIIOBAHHSI KUPOBOI TKAHUHU BHACIITOK OXUpiHHS, [P,
MOPYIIEHHS CeKpellii iHCcyiHy, rimepriikemis ta A" [11].
MC i [ITCP xapakTepu3yioThCs CIIUTBHUMM HEpOoOioIorivy-
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HUMU Ta KJIIIHIYHUMU 03HaKaMu. Lle 3yMOBIeHO 3araibHUMU
MaToOreHeTUYHUMU MeXaHi3MaMU, SIKi CIIPUSIIOTh PO3BUTKY
CC3 ta yckinansiooTh nepeoir ITTCP. OnHiero 3 KiTto4oBux
CKJIaJIOBMX YACTHH 1IbOTO MAaTOTeHEe3Y € Mpo3araibHi IHUISIXH,
1110 CIIPUYMHSIOTH Hepo3amnaaeHHs i CypOBOIKYIOThCS
MOLIKO/IKEHHSIM HePBOBO1 TKaHUHMU [9, 28].

IcHye nokazoBa 6a3a, 1110 CBiTYUTb PO POJIb MOPYIIEH-
HsI TOMEOCTa3y INIIOKO3M Ha IIpeniabeTUUHii cTamii y ma-
toreHesi X3HI [29]. Taki nucdyHKIIii CympoBOIXKYOTbCS
HiABUIIEHHSIM aKTUBHOCTI MiTOXOHIPiaJIbHOTO aepoOHO-
ro AWXaHHS, eJIEKTPOHTPAHCIIOPTHOTO JIaHIIIOra Ta Mpo-
NyKIi€ew akTuBHUX popM KucHIo (ADK), siKi akTUBYIOTh
OC. OcranHili iHiLIiIOE 3amaJIbHI KacKaay Yepe3 aKTUBa-
ito siaepHoro daktopa NF-kappa-B (nuclear factor kap-
pa-light-chain-enhancer of activated B cells, nuclear factor
kappa B, NF-kB), tpanckpunuiitHoro ¢akropa CREB
(cAMP-regulated element-binding protein, CREB) Ta 6in1-
Ka-akTuBatopa-1 (activator protein-1, AP-1) [30]. [ToxioHi
MaTOJIOTiUHI MPOIECH BUSIBIISIIOTLCS B Pi3HUX CUCTEMaXx op-
raHi3My: cepleBO-CyINHHIN, HEMPOHHIl i HeMPOCYTMHHIMN
[10]. Hanpuknan, cyamHHa OUC@YHKILSE COPUYMHSIE Ti-
MOKCIil0, SIKa CTUMYJIIOE aKTUBalio iMyHHUX KrituH [HHC
IUTSI CUHTE3Y Mpo3anajbHUX IIMTOKIHIB, TAKUX SIK iHTEp-
neiikin-1p (IJI-1B) ta 1JI-6. Ile cripusie TPOHUKHEHHIO
npo3anajibHUX (PaKTOpiB i KIITUH iIMyHHOT CUCTEMHU Yepe3
remaroeHuedaniunuit 6ap’ep (F'EB), akTuByroun Heiipo3a-
nanbHi npouecu [31].

L 2-ro Tuny Ta MC TakoxX 30aTHi CIIPUYMHSTUA PO3-
BUTOK OCHOBHUX HEBPO3OMOAiOHUX Ta MCUXiaTPUYHUX
cuMnToMiB, xapaktepHux mist [ITCP. Ixniit Brns Moxe
nposBisaTucs y HeratuBHux edekrax LIHC, 3okpema po3-
BUTKY HJI3, 3MeHIIIeHHI TOBIIMHN KOPU F'OJIOBHOTO MO3KY
Ta MOTipLUIeHH] KOTHITUBHUX (pyHKLiH [21, 26]. Kpim Toro,
MOXJIMBI TaKi CUMITTOMU: Hepo3aItaJieHHs, aKTUBALIisT Mi-
kporiii, OC, 3MiHM MeTabo01i3My CEpPOTOHIHY, 3HUKEHHSI
PiBHSI MO3KOBOT0 HelipoTpodiuHoro ¢akropa (brain-de-
rived neurotrophic factor, BDNF), nopy1iiieHHsI 1OBroTpu-
BaJIOro MOTeHIIiloBaHH B rimokammi, aucdyHkuis 'EB,
3MiHM €HEepPTeTUYHOTO 0OMiHY, BMICTY BUIBHUX XUPHUX
KMCJIOT i XOJIECTEpUHY B HelipoHaX, AucOajaHC y CUCTeMi
aIUIIOLMTOKIHOBOTO Kackany [32, 33].

OTXe, MOXXHA CTBEP/KYBATH, 1110 KJIFOUOBUMHU (haKTOpa-
mu uux npoueciB € OC ta X3HI. Lli MexaHi3Mu Bimirpaorh
BaxkyiuBYy poub y natodiziosorii [ITCP, MC ta L/ 2-ro
TUITY, POOJISTUM iX OCHOBHUMM Te€PaAreBTUYHUMU MillIEeHSIMU
[10, 11]. LinecnpsimoBanmii BruimB Ha OC, X3HI Ta nopy-
ILIEHHST MiTOXOHPiaJbHOro MeTab01i3My MOXe MMO3UTUBHO
BIUIMHYTU HE JIMIIIE HA COMAaTUYHi CyMyTHi 3aXBOPIOBAHHSI,
ajie il Ha ocHOBHI cuMnToMarnyHi nposisu [TTCP.

MO>XXAUBOCTI AiKyBAHHS

KOMOPOIAHUX NCUXOCOMATUYHUX,

COMATOMNCUXIYHUX PO3ACAIB

i NOpyLleHb BYTA@BOAHOIo O6MiHYy
EdexTuBHIiCTh aHTHAIa0ETUYHHUX JIIKAPCHKUX 3aC00iB

(JI3) y xommnekcHomy JikyBaHHi [ITCP He nocmimkyBa-

Jlacs, OIHAaK € JaHi BUIPOOYBaHb IIOA0 iX 3aCTOCYBaHHS

MpU BeTMKOMY JienpecuBHoMy posiani (BIP) [34], xBopobi

AJplreiiMepa Ta Jerkyux KOTHiITUBHUX IOpyIIeHHsX [35].

BBaxaeTbcst, 110 Taki 3acobu, SIK Tia30MiTWHIIOHMT, iHIIIL

ceHcuOimi3aTopu iHCYIiHY, MeT(OPMIH, a TAKOX ITipOJIO-
xiHosinxiHoH (Pyrroloquinoline Quinone, PQQ), sxuit
MicTuTh ALA, TIOTpeOyIOTh MONAIbIINX AOCTIIKEeHb IS
OLIIHKM iXHbOI €(DeKTUBHOCTI Yy JIIKyBaHHI MICUXOCOMAaTHUY-
HUX i comaToncuxiyHux posnanis [36, 37]. Ha ocobnuBy
yBary 3aBIsSKM IMPOTU3aTaibHil il 3aCTyrOBYIOTh arOHICTH
MEePOKCHCOMHUX MpoJlipepaTop-aKTUBOBAHUX PELIEIITOPIB Y
[23]. HemromaBHill MeTaaHaTi3, 110 BKJIIOYAB TOCITIIKEHHS
edexrtiB aHTUiabeTuHUX JI3 Ha mepebir AernpecuBHUX
po3ianiB, AEMOHCTPYE, 1O IMOTIiTa30H MO3UTUBHO BILIN-
Bae Ha cumnitomu B/IP [38]. Lle minkpeciioe MOLiTbHICTh
MOJAIbIIOr0 BUBYEHHS TakuxX JI3 y JIiKyBaHHI KOMOPOiITHUX
I[ITCP, MC i LI/JI 2-T0 THIIy.

IMporuzananbHi JI3, TaKi IK HECTEPOINHI MpOTU3aNaib-
Hi IIperapaTu, iHTi0iTOpM MUKIOOKCUTEeHA3M-2 Ta iHIIi,
SIKi MOXYTb MOTEHIIIHHO 3aCTOCOBYBATHUCS ISl JTIKyBaHHS
IICUXOCOMATUYHUX i COMATOIICUXiYHMUX pO3JadiB, 10Ci He
BUBYAJINACS B paHIOMIi30BaHUX KJIIHIYHMX JTOCITiIKEHHIX
(PKI) mono IMTCP [39]. Lle 0co6anBO AUBHO 3 OTJISILY
Ha Te, 1110 TpOoTH3anajabHa Teparis JeMOHCTPYE aHTUJIE-
npecuBHUii edpekT y nmauieHTiB i3 BJP, sKi 1o gikyBaHHSI
MaJIi TiABUIIEHUI piBeHb MapKepiB 3amajeHHs. 30KpeMa,
eKCIIepUMEHTH Ha TBapMHAaX CBiqyaTh Mpo Te, 1110 i0yIpo-
¢eH 3HMXKY€E piBeHb LIMTOKIHIB, 11O CYIIPOBOMIKYETHCS
3MEHIIIeHHSIM TpUBOXHOI noBeniHku [40]. [apokopTrzoH
SIK TIOTY>KHUM MpOoTU3anaJbHUI mperapaT BxXe TOCTiIKY-
BaBcsg 1pu [ITCP i HagaB meBHi JoKa3u e(EKTUBHOCTI.
OnHax 11 BpaxoByBaTH MO0 YUCIEHHI HebaxkaHi MoOiuHi
edexTu [41]. [HIIMM MOTEHUITHUM HAIIPSIMKOM € BUKO-
pUCTaHHS -3 MoJIiHeHACUYEHUX XXUPHUX KUCIIOT, SKi Ta-
KO MalOTh MPOTU3AIaJIbHY Iil0 i BUBYAIMUCS 1100 Pi3HUX
ricuxiatpuuHux posnanis. Hanpuknan, onne 3 PKJI momo
edekTuBHOCTI oKo3arekcaeHoBOiI Kuciaotu rpu [ITCP He
TMPOIEMOHCTPYBAJIO 11 3HaYHUX nepeBar. OgHaK Mpu BTO-
PUHHOMY aHaJli3i OyJI0 BCTAHOBJIEHO, IO y MALIiEHTIB 3 BU-
MMM PiBHSIMU €HKO3aIeHTaEHOBOI KUCJIOTU B MEMOpaHax
€PUTPOLUTIB CIOCTEPIraIMCh Kpallli KJIiHiYHI pe3yabTaTh
[42, 43]. 3Baxarouyy Ha BiTHOCHO BUCOKMII Ipodiib 6e3-
TMeKu NesIKuX npoTtusanaibHux JI3, momiOHi gocaimKeHHs
MOXHA pO3MISAaTH K MPIOPUTETHUIN HAMIPSIM Y BUBYEHHI
teparrii [ITCP. OcobnuBy yBary citif MpUIiIATA MALiEHTAM
3 BUXiTHOIO iMyHHOIO TinepakTuBalieto. Hanpuknan, 6yao
NIOBEJIEHO, 1110 iH(IiKCMMab — XMMepHEe MOHOKJIOHAIbHE
AHTUTLIO o (hakTopa HeKpo3y nmyxauHu o (PHIT-a) —
3HAYHO 3MEHIITYE CUMIITOMU AEIpecii JIUIIe y Malli€HTiB i3
BJIP i minBuiieHUM piBHEM MapKepiB 3amajeHHs 10 roJaT-
Ky JlikyBaHHs [23, 40].

[NoTeHuniitHa poab hapMaKOJIOTIYHOI iIHAYKIIii MiTOXOH-
JIpiaJIbHOTO OioreHe3y MpoJAEeMOHCTPOBAaHA B KOHTEKCTI OK-
peMux coMaTuyHMX 3axBoproBaHb [30], xoya ii 3acToCy-
BaHHs nipu [ITCP 3anuiaerbcst HEMOCTaTHHO BUBUCHUM.
Taxi crionyku, sk aiikap (5-aminoimidazole-4-carboxamide
ribonucleotide, AICAR), 1110 € aHaI0roM aIeHO3MHMOHO-
docdary (adenosine monophosphate, AMP) ta akTuBye
AMP-3anexny npoteinkinazy (AMP activated protein ki-
nase, AMPK), a takox MeTdopMiH, KBEpPLIETUH, pecBe-
patpoi, 6e3adiopar, TiazoniguHaionu tTa PQQ, MoxXyTh
CIIPUSITH TTOCUJICHHIO MITOXOHApiaJIbHOrO OioreHe3y Ta
MoKpalllyBaTu HU3Ky noka3HukiB MC [44, 45]. Kpim Toro,
IHTiIOITOPM aHTiOTEH3MHIIEPETBOPIOBAJILHOTO (DEPMEHTY
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(IATI®) Ta 6aokaTtopu peuenTopiB aHrioreH3uHy (bPA)
37aTHI aKTUBYBATHU TMPOLIEC MiTOXOHIpiaTbHOTO GioreHesy
i IEMOHCTPYIOTh IPOTU3AIlaJIbHi BIACTUBOCTI B JOKIiHIU-
Hux Monensx [46]. IATI® ta BPA Takox mokasanu edek-
TUBHICTb Y 3MEHIIIEHHi CUMIOTOMIB JAempecii Ta TPMBOTU
[47]. 3okpema, MOBiTOMIISIETBCSI PO TTO3UTUBHY AUHAMIKY
cumnromiB [ITCP y nauieHris, siki orpumyBaiu [IATTD
a6o BPA. Bonnouac ciin 3a3Hauntn, mo PK]I y miit cdepi
€ 00MeKeHMMM 3a KiJIbKicTio [23].

OC € onHi€I0 3 KIIIOYOBMUX MillleHEe#, sIKi MaloTh 0e3-
MocepeaHiil 3B’ 430K i3 (yHKIIIOHYBaHHSIM MiTOXOHIPIiA.
Huszka aHTHoKcHIaHTiB, 30KpeMa aleTu- L-KapHiTuH, KO-
en3um Q10 (CoQ10) Ta MiTOXOHIpiaTbHUIT AHTUOKCUAAHT
MitoQ, cripsiMoBaHa Ha 10cTaBKy akTUBHUX hopm CoQ10
Oe3mnocepenHbo 10 MiToxoHapiit [30]. JocaimkeHHsI feMOH-
CTPYIOTh, 1110 3acTocyBaHHs 100 mr/mooy CoQ10 y BeTepaHiB
Bititnu 3 [ITCP cripusizio nesskomy MoKpaiieHHIO KJIiHiYHO1
cumnromaTuku [48]. KpiMm Toro, mokasaHo, 1110 3aCTOCY-
BaHHs 2400 Mr/no6y N-aleTUIIMCTeiHy Y BeTepaHiB BiliHI
3 [ITCP i po3nmagamu, moB’sI3aHUMM 3 BXXUBAHHSIM IICUXO-
AKTUBHUX PEYOBUH, CIIPUUMHWIIO OiIbIll BUPAXKEHE MOJTill-
IIeHHS KIiHIYHOI CUMIITOMATUKHU TIOPIiBHSIHO i3 XBOPUMU,
SIKAM MpU3HAavajaacs JuIlle McuxoTepariss abo KoMOiHallist
ruiaie6o 3 ncuxoreparieto [49]. [lpote ciin BpaxoByBaTH
MOTeHIIHI pU3UKK HAJIMipHOT aKTHBAaLlii MiTOXOH/piaJbHO-
ro 6ioreHesy. 3oKkpema, TinepperyJsilis MiTOXOHApiaJbHOI
Macu MOXe CIIPUYMHUTH HEraTUBHUI eeKT, SIKU oTu-
CYETBCS KpUBOIO 3 iHBepcHUM U-IoAiOHUM XapaKTepoM
[23, 50]. Cepen TepaneBTUYHUX 3aCO0iB IJIsI ONTUMI3aLlii
dyHK1iit miToxoHapiii 3a ymoB X3HI ta/a6o OC nipornony-
10Tb KBepueTtuH, PQQ, N-aueruniucrein, Bitaminu C ta E,
Hartpito mipysat i ALA [30].

AAbdaA-AINOEBA KUCAOTA:
OCHOBHi 6iOAOriYHi BAOCTUBOCTI

ALA € am@iiabHOIO CITOTYKOIO i 3aBASIKM 11il BIACTHU-
BOCTI JIETKO TMOTJIMHAEThCSI TKAHWHAMMU, B TOMY YMCJIi HEep-
BOBOI0, ocKiibKu Moxe nepetuHatu ['Eb [51]. OkucHeHa
Ta BinHoBieHa hopmu (ALA/dihydrolipoic acid, DHLA)
IiIOTh SIK MOTY>XKHi aHTUOKCUJAAHTH, a caMe iHaKTUBY-
10Tb BinbHi pagukanu ta ADK i mocuaomoTs aKTUBHICTD
IHIIMX €HJAOTeHHUX aHTHOKcUmaHTiB [52, 53]. Iusixu
0iocuHTe3y ALA moBHIiCTIO He 3’5ICOBaHi, OAHAK iCHYIOTh
nokas3u cuHTe3y ALA B MiTOXOHIPisIX KJTITUH ccaBIIiB [53,
54]. ALA icHye y nBox eHaHTioMepHuX popMax: R-ALA,
MPUPOIHiit PopMi, IO CHHTE3YETLCSI B MiTOXOHIPIsX, Ta
S-ALA, cunretnuHiit. Binomo, 1o npa eHaHtiomepu ALA
MaloTh Pi3HY (apMaKoJIOTiUYHY aKTUBHICTh B OpraHi3Mi
moauHu. R-ALA e aktuBHow opmoro ALA 3 6ioo-
rivHOI aKTUBHICTIO [55, 56]. barato mociigxeHs in vitro
nokazanu, 1mo R-ALA cripusie TpaHcIoKallii IJTIFOKO3HO-
ro TpaHcmnoprepa l-ro Tumy (glucose transporter type 1,
GLUT1) i GLUT4 Ha nina3zmMatuyHy MeMOpaHy KJIiTUH
CKeJIeTHUX M’s3iB i anunouuTiB. ALA Mae Kinbka Bax-
IMBUX QYyHKIIN B ekcrpecii Ta aktuBauii AMPK B THC
i nepudepuuHux TkaHuHax [57, 58]. AMPK 3anyuena no
0araTbOX BHYTPIIIHbOKJIITUHHMUX IUISIXiB, ITOB’SI3aHUX 3
KJITUHHUM LIMKJIOM, peaklli€elo Ha cTpec, MeTaboJ1i3MOM
i ctapiHHsIM. ALA Moxe orocepenKoBaHO CTUMYJIIOBATU
AMPK mursixom aktuBanii Ca*'/KaabMOIyJTiH-3aeX-

Hoi nipoteinkiHasm (Ca*'/calmodulin dependent protein
kinase, CAMK). ALA 31aTHa Moay/1l0BaTU aKTUBHICTh
AMPK B LIHC, ockinbKy ITO3UTUBHO BILUIMBAE Ha Mepe-
6ir metaboniuHux crpeciB (OC, nenpuBallisi TJIOKO3H,
TiMoKcis, ileMis), siKi IPUrHiYyI0Th BUPOOJIEHHS aaeHO-
suHTpudocharty [20, 56].

AAbda-AINOEBA KUCAOTA
TA OKCUACHTHUM CTpeC

ALA cepen aHTUOKCUAAHTHUX PEYOBUH € YHIKAJIbHOIO
CITOJTYKOIO, OCKiJIbKM BOHA BUKOHYE 3aXMCHi (DYHKIIil SIK B
okucHeHiil (ALA), Tak i B BinHoBneHili (DHLA) ¢popmax
[59]. ®opmu ALA i DHLA cTBOPIOIOTH TTOTYKHY OKUC-
HO-BiIHOBHY Mapy, sKa Ma€ CTaHAAPTHUN OKUCHO-Bif-
HoBHUIM moreHuian —0,32 V. DHLA 3maTHa pereHepyBatu
iHIII €eHIOTeHHI aHTMOKCUIAHTHU (HaIpuKIian, BitaMiHu E
i C) i HeitrpanisyBaTtu BinbHi pagukanu [60]. ALA i DHLA
MaloTh 3aTHICTb 3a100iraT YTBOPeHHIO KapOOHITbHUX
rpyn y 6isikax, nmorauHaiouu rimoxjoput (hypochlorite,
ClO7), MOXYTh HNOTJIMHATH TigZpoKCcWIbHI pagukanu (hy-
droxyl radical, HO ¢) i rimoxiopurtny kucnory (hypochlor-
ous acid, HOCI) [53]. Bognouac ALA i DHLA He Buss-
JISIIOTh aKTUBHICTB BiTHOCHO Tepokcuay BonHo (hydrogen
peroxide, H,0,), axkmo H,O, npucyTHiii y BUCOKMX KOH-
ueHTpauisix [61]. Omxe, ALA i DHLA 3naTHi 06’enHyBaTu
aKTUBHICTb aHTMOKCUJAHTIB y MeMOpaHax i B IMTOILIa3Mi,
MMOTEHIIIIOIOTh MOTYXXHICTh BHYTPIIITHBOKJIITUHHOI aHTH -
OKCHIaHTHOI Mepexi [62].

OkucHo-BigHOBHA mapa ALA/DHLA mMoxe O6yTu Bu-
3HaueHa SIK YyJI0BUIl aHTMOKCUIAHT, IPUYOMY HEOOXis-
HO 3ayBaXKUTH, 1110 AHTUOKCUIAHTHUI noTeHLian ALA
Hwxuuit, HixX y DHLA, sika 3maTHa iHTiOyBaTH nnepekucHe
okucHeHHs aiminiB (ITOJI) [57]. DHLA edextuBHO mo-
TIMHAE MepOKCUIIbHI pagukanu (peroxyl radicals, ROO )
IK y MeMOpaHi, Tak i y BoAHiil (a3i, He moTpedywouu
raytaTtiony (glutathione, GSH) a6o a-tokodepony misa
3MiiICHEHHS CBOEI aHTUOKCUIAHTHOI akTUBHOCTI [54]. Ta-
KOX MpoaeMOHCcTpoBaHo, 1110 DHLA 3MmeHIIye KiJIbKiCTh
ackopOiHoBUX pamukaiiB (ascorbyl free radical, A+), mo
YTBOPIOIOTHCS ITiJl YaC OKMCHEHHSI acKopOaTy a-TOKO-
depokcIbHUMU panuKajiamMu (o-tocopheroxyl radical,
a-TO ) [62].

ALA/DHLA TakoxX MOXYTb MiATPUMYBaTU aHTU-
OKCHUJAHTHUIA CTAaTyC KJIITUH OMOCEPEIKOBAHO, IHIYKYIO-
YU MOTJMHAHHS iHIIMX aHTUOKCUIAHTHUX MOJIEKYJ abo
301TBIIYIOUM CUHTE3 €HIOTeHHUX aHTMOKCUIAHTIB, SIK-OT
Bitaminu C i E, aHTHOKCMIAHTHUX ()epPMEHTIB Ta CHiBBi/I-
noweHHs1 GSH/okucHeHoro miyTtaTtiony (oxidized gluta-
thione, GSSG) [62]. [TpomemoHcTpoBaHO, o ALA min-
Buinye piseHb GSH B eKceprMMeHTaJIbHUX MOIENSIX SIK
in vitro, TaK i in vivo [63, 64]. ALA migBuiiye i miarpumye
KiniTuHHUM piBeHb GSH, mie sk iHIyKTOp TpaHCKPMITILii
TeHiB, 1110 PETYJIIOI0Th OTO CUHTE3, i 301JIbIIIYE TOCTYITHICTh
cyoctpaty [65].

XpoHivyHa rimepriikeMis, sIK BiToMoO, CIIpUSIE YTBO-
peHHI0 ADK, 1110 TpU3BOAUTH A0 MOTipIIeHHS DYHKIIIT
B-kJ1iTHH, BHACHiIOK Yoro miaBuinyeThes [P, abo HeuyT-
JmBicTb 10 iHcyainy. OC i LIJI moB’si3aHi 3 IIMPOKUM CTIEK-
TPpOM MapKepiB 3amajieHHs, TakKux K C-peakKTUBHMI O1JI0K
(CPB), ®HII-a ta 1JI-6, i B XpOHIYHUX cTaHAaX Li Map-
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Kepu 3amajieHHs. MOXYTb OyTHM MiABUILLIEHUMHU, 30KpeMa
yepes muisix aktuBaiii NF-kB [29]. ALA ra DHLA maroTb
MOTYKHUI e(eKT 3HEIIKOIXEeHHs pidHOMaHITHUX ADK
LIsIXoM npurHiveHHs aktusaiii NF-«xB [66]. JocmimkeH-
HSI Ha KJIITUHHUX JIiHisIX mokasanu, 1mo ALA y ¢izionoriu-
HUX KUTBKOCTSIX TIPUTHIYYE siiepHy TpaHcaokanito NF-«xB,
3ano6irarouy oro BIUIMBY Ha €KCIIPECilo TeHiB-MillleHeil
[67, 68]. Takox Lieit epeKT MoKe OyTH OB’ SI3aHUI 3 aHTH -
OKCHIAHTHOIO nieto ALA abo mi€ro iHIMX aHTUOKCUIAHTIB,
aktuBoBaHuX DHLA [69, 70]. ALA 3aBOsikui CHHEpTigHOMY
BIUIMBY Ha iHIIIi aHTUOKCUIAHTU MOXKE MPOSIBJISITU aHTH -
OKCHUJIAHTHY [il0 11I¢ TIPOTSrOM TPUBAJIOTO Yacy ITicJIsl BU-
BeIeHHs 3 opraHismy [71, 72].

AAbdaA-AINOEBA KUCAOTA
| OKUCHO-BIAHOBHI METAAU

Bimomo, mo ALA i DHLA € opra"iunumu cipkoBMmic-
HUMMU CTIOJIyKaMu, 1110 TIOPSi 3 HAsIBHICTIO B OY/IOBi Kap-
OOKCUJILHOI TPYITM JO3BOJISIE XeJIaTyBaTU OKMCHO-BiTHOBHI
meTanu [73]. Migp i 3ai1i30 — 11e OKMCHO-BiTHOBHI METaJlH,
HEOOXiAHI ISl peryasiii KIITUHHUX LUISIXiB, SKi € BaX-
muBuMH 11t podotu LIHC, BkiTtouyaroun CUHTE3 i BUBLIb-
HEHHS HelipoMeaiaTopiB, HEUPOTpaHCMICilo i OUIKOBUMA
obMmiH. Bmict Cu ta Fe >)kopcTKO peryioeTbesl CKIaTHUMU
TOMEOCTaTUYHUMU CUCTEMaMU, SIKi HAJIAIITOBYIOTh PiBHI
Ta JOKali3alilo IMX OKMCHO-BiITHOBHUX MeTaliB [74]. Pe-
ryasig Cu ta Fe Bumarae ix koopauHallii 3 HeBEITUKUMU
OpraHiYHMMU MOJIEKYJIaMU Ta OiIKaMu-11aliepoHaMu MeTa-
JIiB, SIKi OOMEXYIOTb iX peakiii crielu@idyHIMM OiJIKOBUMU
neHtpamu, ae Cu ta Fe uupKy/o0Th MixX BiTHOBIEHUMU
(Fe**, Cu®) ta okucHenumu cranamu (Fe**, Cu*"). ITopy-
ILIEHHS 1i€l peryJsiiiii oueBUIHE B MO3KY, YPaXXeHOMY Hell-
poaereHepatiieto [75].

In vitro noxkaszano, mo DHLA, okpim Co*", Ni**,
Cd*, Cu*, Zn**, Pb** Ta Hg*", Takox xenarye Fe** (itoro
KOMILJIEKC € OLIbII CTaOIBHUM, HiX TOM, III0 YTBOPIOETh-
csa 3 Fe?), toxi sk ALA nmepeBaxHo 3B’s13ye Mn?*, Cu**,
Zn** ta Pb*, ane He moxe xenaryBatu Fe**. ALA 3patHa
yTBOpIOBaTH JinodinbHuit KoMruieke 3 Cu?* i 3axumiaTu
Binm Cu’ -ingykosanoro ITOJI. 3a TakuM Xe MexaHi3MOM
DHLA 3ano6irae Cu*- i Cd*-innykoBanomy ITOJI [62,
76]. IpomeMoHcTpoBaHo, 1o xeiaatyBanusg Cu®* i Fe’* 3a
noromoroo DHILA B M03Ky 3MeHIIIy€e BiIbHOpaauKaabHe
MOIIKO/KEHHS i MOXKe YMHUTHU 3aXUCHY Jito B rmarodizio-
Jiorii xBopoou Anblireiimepa [77].

MpPOTU3ANAAbHO AKTUBHICTb
AAbDA-AINOEBOT KNCAOTU

PesynbTraTi eKCriepuMeHTaJbHUX i KJIiHIYHUX JOCITi-
TKeHb TO3BOJISIIOTH MPUITYCTUTH, 1110 aHTUOKCUTAHTHUI
noteHian ALA Binmosimae 3a ii mpoTtusamnajbHy aKTUB-
HicTb. 3aBasiku 11boMy ALA Mae MOTyXHi mpoTU3anaibHi
BJIACTUBOCTI, 1110 TO3BOJISIE BAKOPUCTOBYBATH 11 5K JI3 nmpu
MC, L1, HA3, oHKoMIOTiUHUX 3aXBOplOBaHHSIX [78].

In vitro mponmemoHcTpoBaHO, 110 ALA B KIIiTMHAX MO3-
Ky Ta eHJOTeJio aopTu 3maTHa 3anobiratm MHII-o-iH-
IYKOBaHIill aKTUBAILlii eKCIpecii MOJIeKYIU MiKKIITUHHOL
anresii-1 (intercellular adhesion-molecule-1, ICAM-1) Ta
MOJIeKYJIU anres3ii CcymMHHUX KJIiTUH-1 (vascular cell ad-
hesion-molecule-1, VCAM-1) [78]. BBaxkaeTbcst, 1m0 iH-

rioyrounii BriuB ALA Ha ®HII-a-iHayKoBaHy aKTUBALIilO
€HJIOTEeJTiI0 3yMOBJIEHUH 1i METaI0XEIaTyI0u010 aKTUBHICTIO,
a He 3arajJlbHUM aHTUOKCUAAHTHUM edekToM. BongHouac
ranbMyBaHHS ekcripecii NF-kB BinOyBaeTbcst BHaCTinoK
npurHiyeHHs gerpagaiiii IkB — nuTo3oabHOrO iHri0iTO-
pa NF-kB [62]. NF-kB HeakTuBHUI1 y IUTO30J1i, OMHAK
Oyab-sIKUI 3anaJbHUI TIpoLiec cripusie hochopuIoBaHHIO
Ta noganbiii gerpamauii IkB. NF-«xB (p65 i p50) micis
nerpanailii kB 3BiTbHSIETBCS, TPAHCIOKYETHCS B SIAPO i
BILUIMBA€E Ha €KCIPECiI0 BiMOBIAHUX Te€HIB, MOB’SI3aHUX i3
X3HIiOC [62, 78].

AAbda-AINOEBA KUCAOTA
SIK HEMPONPOTEKTOP

LIHC cnoxwuBae 06inbie KMCHIO, HixX iHIII OpraHu,
MiCTUTb OiJIbIIIE MTOJIiIHEHACUYEHUX XKUPHUX KHUCIIOT i Ma€e
HMU3bKY aKTUBHICTh KaTajla3u. BogHouyac cynmepokcumi-
NUCMyTa3a JJoKalizoBaHa MepeBaXHO B HEHPOHaXx, a Iy-
TaTioHNepoKCcHaa3a — MepeBaXKHo B acTpouurax [53].
Taka nokasmizaiisst aHTHOKCUIAHTHUX (PepMEHTIB O3Ha-
Yyae, 10 HEMPOHU MOXYTb OyTH OCOOJIMBO BPa3aUBUMU
no H,0,, ADK, sxi, K BimoMo, 6epyTh y4acThb y TlaTore-
He31 HU3KU TOCTPUX i XPOHIYHUX MATOJOTIYHUX CTaHiB y
LHHC [62].

ALA po3risiiaeTbes IK IPUPOIHUIN TiOJIOBUM aHTU -
OKCUJIAHT, SIKUI 3HAaXOAUTbCS B LIEHTPi MEXaHi3My aHTU-
OKCHUJAHTHOTO 3aXMCTYy B TKAHMHAX HEPBOBOI CUCTEMU
[62]. ALA i DHLA, 1o HagxomsTh 3 TXelo, 3MaTHi rmepe-
tuHatu 'EB. Otxe, gk ALA, tak i DHLA € ineanpHu-
MM CITOJIyKaMU JUISI JIIKYBaHHSI OKMCHIOBAJbHUX PO3JIaJliB
LHHC i nepudeprnyHoi HEPBOBOI CUCTEMU, TTOB’SI3aHUX 3
BiTbHOpaAMKaTbHUMU Tipoliecamu [66]. Kpim Toro, DHLA
MiABMINYE aKTUBHICTh XouiH O-aueruiarpaHcdepasu
(choline O-acetyltransferase, CHAT) — depmenty, He-
00XinHOTO 17151 3a0e3meYyeHHs] KOTHITUBHUX (YHKITIH i
romeoctasy HelipoHiB [79, 80]. ALA i DHLA inrioyors
iH(J1TaMacoMu B HEPBOBUX TKAaHMHAX IUISIXOM 3MEHILIEHHS
Ipo3anajJbHUX MeaiaTopiB, Takux sK 1JI-2, iHTepdeponH
v i ®HII-a, 36inplIeHHS TPOTU3aNaJbHUX IIUTOKIHIB,
takux sk 1JI-10, i peryntroBaHHS ssnepHUX (pakToOpiB TpaH-
ckpurnuii Nrf2 i NF-«xB [66]. 3okpeMa, IpoaeMOHCTPO-
BaHO, 1110 MpU3HaYeHHs nauieHTaMm i3 L] 2-ro tumny ta
XPOHIYHUM KOPOHapHUM cHHIpoMOoM 600 mr/mo0y ALA
MpoTITroM 12 THXXHIB CIIPUSITIIMBO BILIUBAE HA TTIOKA3HUKU
mkanu aenpecii bexa, Bucokouytiauoro CPb, 3aranbHoi
AHTUOKCUIIAHTHOI 3MaTHOCTI IJIa3MU KPOBi, MaJIOHOBOTO
nianpaeriny Ta excrpecii reHiB 1JI-1 i TpaHcdhopMylodoro
dakTopa Oeta (transforming growth factor beta, TGF[)
[81]. Takum unnom, ALA i DHLA, BruimBarouu Ha pi3Hi
MeXaHi3MH, 1110 OepyTh y4acTh y MaTOTeHe3i HeliponereHe -
pPaTUBHUX PO3JIaJiB, MOXHA BBaXKaTH HEHPOTIPOTEKTOPAMU
HIMPOKOTO CriekTpa Aii [62].

ALA MoXe BimirpaBaTu XXUTTEBO BaxKJIMBY POJIb Y Jii-
KyBaHHI Pi3HUX 3aXBOPIOBaHb HEPBOBOI CUCTEMU IUISIXOM
00pOTHOM 3 BUIBHUMU pamvKajaMU, BUCTYIIal0un Kodak-
TOpOM Yy 6araTbox (pepMEHTHUX KOMILIeKcaX, MiATpUMY-
oun 3HmKeHHs I1OJI Ta pereHepalilo MOMIKOIXKXEHNX
TKaHWH [62]. 3aBASKA CBOEMY MTOTYXXHOMY aHTUOKCH-
naHTHomy edekty ALA moxe npurHivyBatu ADPK-ormo-
cepenKoBaHe ITOIIKOMXKeHHs HelipoHiB mpu HI3. ALA
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acomwitoeTbcsa 3 HJ/I3 uepe3 mporuszananbHy aKTUBHICTD i
3/IaTHICTb XeJIaTyBaTU METaJIu, 1110 3MEHILYE OKUCHIOBAJIb-
Hi mpouecu [72]. Oxpim 3menmeHHs [10J] ta migBuineH-
HS piBHS aHTMOKCHUIAHTIB i HEMpoMeaiaTopiB y MO3KY,
ALA TakoxX MiATpuMye peryJsiiiio ¢pakTopa pocTy HEPBiB
(nerve growth factor, NGF). Kpim Toro, ALA 3a6e3me-
4yy€e eKCIIpecilo reHa CynepoKCUIIMCMYTa3M i JoIoMarae
MITpuMyBaTH OajlaHC TIFOKO3U B KPOBi, BITMBAIOYM Ha
CUTHabHI 1uisixu iHcyiny [53]. Otxe, 3meHmeHHss OC
Ta MiATpUMaHHS OalaHCy ITI0KO3M B KPOBI 32 JOITOMOTI'OI0
ALA Moxe 3amobiratu po3sutky H/13 [82].

ALA 4yMHUTH MEeBHUI 3aXMCHUI BIJIUB Ha TKAHUHU Ta
B TaKUIii CITOCIO MOXe MPOTUCTOSITH HEMPOTOKCUYHOCTI.
ALA TakoxX Ma€ aHTUAITONTUYHMIA BILUIMB HA HEUPOHU Ti-
nokamiia. 3okpema, ALA cripuse iHriOyBaHHIO aIllONTO3y
HEHpPOHIB 3a IOITOMOTOI0 aKTUBAllii Kacrnasu-3 (caspase-3,
CASP3) ta NF-kB-3anexuoro nuisixy [83]. ALA croBijib-
Hioe mBUIKicTb atpodii LIHC, 3MeHIye nemieninizaitito ta
BTpaTy aKCOHIB Y CIMHHOMY MO3KY Ta cTabiiizye I'ED [84].
3aBasgKu HeilporpoTeKTopHUM edekTaMm ALA BBaxkaeThCcs
TeparneBTUYHUM areHTOM y 0araTbox HepoTpaBMaTUUHUX
mozensx [62].

O6meXXeHHs Ta 3ACTepeXXeHHs
LLOAO AIKApPCbKUX popm
a-AiNOEBOT KUCAOTU

ALA xoua i IEMOHCTPY€E IIMUPOKUI CIIEKTP MO3UTUB-
HuX edeKTiB, OHAK Ma€ MEeBHi HeJoJiKU. 30Kpema, Te-
popanbHe 3acTocyBaHHSI ALA 1oB’si3aHe 3 00MeXeHUM
¢apMaKOKiHETUYHUM TpodijieM, SIKUi BKJIIOUa€E KOPOT-
KWIi Tiepioj HamiBBUBEAEHHS, TOCITHEHHS] MaKCUMaJlb-
HOI KOHIIeHTpallii B 1j1a3mi npotsirom = 30 XB i HU3bKY
6iomOCTyIHICTD, 110 cTaHOBUTL 61M3bK0 30 % [55, 85].
Oco0aMBO 1Ie CTOCYETHCS 3acTocyBaHHSI ALA y BurIsmi
paueMiuHoi cyminii. CTepeoxiMiuHi 0COOJIUBOCTI 3HAU-
HO BIUIMBAIOTh Ha abCcopO1Iio, po3Mmodiji, Aerpagalilo Ta
enimiHaliito eHaHTioMepiB ALA. Ilpu nbomy R(+)-ALA
IEeMOHCTPYE Kpallly 0ioJOCTyIHICTh MOPiBHSIHO 3 S(+)-
€HaHTiOMepOM, 1110, IMOBipHO, TIOB’SI3aHO 3 BiIMiHHOCTSI-
MM y MEXaHi3MaX BCMOKTYBaHHS B LLZTYHKOBO-KUIIIKOBOMY
TpakTi [58]. [IpobneMu y hapMakoKiHETUIHOMY IpOii
ALA TakoX TMOSICHIOIOThCS i1l HU3bKOIO PO3YMHHICTIO Y
BOJi Ta KMCJIOMY CEpPeIOBHUII, 1[0 3HUXKYE CTAOLIbHICTD
PEYOBUHM, a TAKOK BUCOKOIO iIHTEHCHUBHICTIO METa0O0i3My
MePIIOro MPOXomKeHHs [86, 87].

V neskux Bumagkax 3acikcoBaHO MOOIYHI e(eKTH, 30-
Kpema IUIYHKOBO-KHUIIIKOBI po3Jiaiu, sIKi MOB’SI3yIOTh i3
Bucokumu go3amu ALA [88]. Kpim Toro, Benuki mo3u ALA
MOXYTh HEraTUBHO BIUIMBATU Ha aKTUBHICTh MEYiHKOBUX
¢epMeHTIB i BUKJIMKATU MOIIKOMXKXEeHHS neviHku [89]. Ta-
KOX BiTOMO, 110 B 0Ci0 i3 TEeHETUYHOI CXUJIBHICTIO TIpU-
iiom ALA Moxe 3HMXKYBaTU piBeHb IJIIOKO3U B KPOBI, 1110
CTBOPIOE MOMATKOBI PU3MKM JJIsI XBOPUX Ha miabet [56].
OKpeMO BaxKJIMBO 3a3HAUMUTH, 1110 ALA MoXe BCTyIaTu y
B3aEMO/iI0 3 MeBHUMU JI3, TaKMU SIK XiMioTepareBTUYHI,
JI3 nms miKyBaHHS 3aXBOPIOBaHb IIMTOITOAIOHOI 331031 Ta
antuniadetnuni JI3 [90]. JocnimxkeHHs in vitro Ta in vivo
TaKOX CBil4aTh MPO MPOOKCUAAHTHUI moTeHItian ALA i
DHLA. Hacnigku 11b0ro eexTy 3ajiexkaTh Bill KOHKPETHUX
}i3i0JI0TIYHUX YMOB i MOXYTb OYTH SIK KOPUCHUMM, TaK i

wKimmuBuMu. [1pookcuganTHa akTUBHICTE ALA moB’s-
3YETHCS 3 MOXJIMBUMU YPAXKEHHSIMU CEPLIEBO-CYAUHHOT
CHCTEMU, HUPOK i meuinku [62]. 3 xiMiuHO1 TouKkM 30py ALA
€ YyTJIMBOIO M0 (haKTOPiB HABKOJUIITHHOTO CEPEIOBUIIIA.
3a migBuieHHs Temrepatypu ALA mocTyrnoBo moiiMme-
PU3YETHCS, YTBOPIOIOYM elacTUUHY CTpyKTypy [91]. Kpim
Toro, ALA IeMOHCTpYE CBITJIOUYTJIMBICTb: BILIMB YAbTpadi-
0JIETOBOTO BUIIPOMiIHIOBaHHSI MOXe BUKJIMKATH HeOaXKaHy
roJriMmepu3satiiio [92].

HaHoMeAMUMHA 9K cTpaTerid
niABULLLEHHS e PeKTUBHOCTI
a-AiNOEBOT KUCAOTU

st mogofaHHsS OOMeXeHb MPUPOTHUX i CUHTETUYHUX
AHTUOKCHUIAHTIB HOCJIIXKXYyBaaKlcs HaAaHOHOCII Ha OCHOBIi
PI3HUX MOJIIMEPHUX MaTepialiB, CTBOPEHHSI KOH IOraTiB i
KOMIIJIEKCIB 3 METOIO MOJIIMIIEHHS CTa0iIbHOCTI, 301JIbIIIEH-
HSI TIepioly HaIliBBUBEIEHHS, 3a0e3MeUeHHs TPaHCIIOPTY-
BaHHs 10 LIHC Tta TpuBayioro miaTprMaHHs iXHbOTO BILIMBY
y TKaHUHaxX-MileHsx [93, 94].

OnHuM i3 Halle(eKTUBHIIIMX Cy4YaCHUX ITiIAXOMIB JJIsI
MMiIBUIIEHHS 0i0MOCTYITHOCTI, €(PeKTUBHOCTI Ta CIIPSIMO-
BaHOI gocTaBKu JI3 10 BaXKKOIOCTYITHUX OpraHiB, 30KpeMa
IIHC, € 3acTocyBaHHsI HAaHOYacCTMHOK (nanoparticles, NPs)
[85]. 3aBasiku NPs MmoxxHa mokpaiuTu (papMakoKiHeTUYHI
Ta (hapMakoAMHaMiuHi BaacTuBocTi JI3, BomHOYac MiHiMi3y-
104 pu3uku nobiuHux edekris [95]. JlonaTtkoBo noniMepHi
MOKPUTTS1, HAMPUKJIIA MOJieTUJICHIIIKOb, 3HUXKYIOTb 3B 51~
3yBaHHs NPs 3 oncoHiHaMu 11a3MM, 3a0€3IeUyI04n iXHIO
HEeBUIMMICTb JUIsI MakpodaraibHoro KiipeHcy. HemonasHe
BripoBaxkeHHsSI NPs i3 aHTMOKCUAaHTHUMU BJIACTUBOCTSIMU
IEeMOHCTPYE IXHill MOTEeHIiaJl IK iHHOBallilHUX Teparne-
BTMYHUX 3ac06iB 1151 6opotbou 3 HA3, CC3 Ta iHmumu
3aXBOpIOBaHHSIMU [73].

3 MeTO MOCHJIEHHS 0ioJloTiuHOl akTUBHOCTI ALA,
OKpiM TpamuuiiitHux JI3, mpeacraBieHUX Ha ¢dapmalie-
BTUYHOMY PMHKY, aKTUBHO BHUBYAETHCSI BUKOPUCTAH-
Hs HaHOHOCiiB. OcTaHHIMM poKaMM OyJM OIlpallbOBaHi
pPi3HOMAaHITHI MEeTO/IM, BKJIIOYaroun BUKOpUcTaHHS NPs
Ha OCHOBIi MeTaJiB, MmojaiMepiB i ainiaiB. TBepai dimigHi
HaHouyacTuHKU (solid lipid nanoparticles, SLNs) o6pani
SIK MOJeJIb IJIs1 OLiHKKA e(EeKTUBHOCTI 1ie€l KoMOiHaIil
II0JI0 IIMTOTOKCUYHOCTI, allONTOTUYHOTO TOTEHIIialy Ta
3MaTHOCTI 10 aGcopo1ii [96]. Kpim Toro, HaHOChepu mpo-
NIEMOHCTPYBAJIM BUCOKUI piBeHb (PizMuHOI Ta XiMiuyHOIL
cTabiIbHOCTI, 1110 TO3BOJISIE M HiATU SIK TepaneBTUYHUI
areHT 3 aHTUOKCUJIAHTHUMM BJIACTUBOCTSIMU. [HKarmcy-
anisg ALA B SLNs BinkpuBae mepcneKTUBHUN IIAXim 10
npo@iTakKTUKM Ta JiKyBaHHSI 3aXBOPIOBaHb, MOB’I3aHUX
i3 OC [97].

HaHo4yacTUHKK

Kowmo6inarist ALA i3 HaHOMarepiasiamu, 30KpeMa Me-
TaJeBUMM Ta MojiMepHUMU NPs, aKTUBHO BUBYA€ETHCS.
Hanpukinan, nocnimkernnst M. Tudose et al. (2019) nepen-
Oavasio KoBaJieHTHe 3aKkpiruieHHss ALA Ha moBepxHi NPs
KpeMHe3eMy, BKpuTux cpionumu NPs (silver nanoparti-
cles-decorated silica nanoparticles, SiO,@Ag), 3 nonajb-
IO OLIHKOIO X aHTUOKCUJIAHTHUX, LIMTOTOKCUYHUX Ta
AHTUMIKpOOHMX BiiacTuBOCTe!. [IpomeMoHCTpOBaHO, IO
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dynkuionanizaiis SiO,@Ag 3a nornomorowo ALA minBu-
mye cnerivyHiCTb B3aEMOIT 3 KIITUHHUMU KYJIbTypaMu
CCaBIIiB Ta 30i/IblIye aHTUOKCUIAHTHY aKTUBHICTb, BOII-
HOYacC 3HWXKYE [IUTOTOKCUYHICTH [98]. [HIIe mocinkeHHs
noKasajio, 1o moegHaHHg ALA i3 HaHOYaCTUHKaMM 30J10-
Ta (gold nanoparticles, AuNPs) 3a6e3neuye Oiybll BUpaxe-
HUI HEMPONPOTEKTOPHUI e(DeKT Yy MOPiBHSIHHI 3 BUKOPUC-
TaHHSIM OKPEMMX KOMITOHEeHTiB. KomIiekc neMoHCTpyBaB
3[1aTHICTh MPUTHIYYBaTHU pajialliiHO-iHAYKOBaHi ITOIIKO-
JKeHHSI MO3KY Y 11ypiB in vivo [99]. Kom0biHalis neri-
nboBaHux nopoxHuctux AuNPs (PEGylated hollow
gold nanoparticles, mMPEG@HAuNPs) 3 ALA (mPEG@
HAuNPs-ALA) nemoncTpye 3maTHicTh npotunigtu OC
MPU PO3BUTKY ocTeonoposy. 3okpeMa, mMPEG@HAuNPs-
ALA BUSIBUIN BUCOKY 0iOCYMiCHICTh, €(PEKTUBHO yCyBa-
mm A®K Ta ctumyioBann npojridpepalriro octeo01acTiB
[100]. JochimxyBanu Takox BIuiuB ALA B moemHaHHI 3
NPs xito3aHy, 30araueHumu kodeinom (caffeine-loaded
chitosan nanoparticles, CAF-CS NPs), Ha moaeni oxu-
PiHHS Y 11YPiB, CIPUYMHEHOTO BUCOKOXUPOBOIO TiETOIO
(high-fat diet, HFD). IToka3aHo, mo CAF-CS NPs-ALA
CIIpUSIE 3MEHIIIEHHIO MacH Tijia, ITOKpally€e QYHKIIIIO me-
YiHKU Ta HUPOK i HiBEJIIOE TiCTOMATOJOTIUHI MOPYLIEHHSI.
ABTOpHU MPUITYCKalOTh, 1110 epekTt CAF-CS NPs-ALA 3y-
MOBJICHI IXHIMU aHTMOKCUJAHTHUMU Ta MPOTU3aTaIbHU -
mu BiactuBocTsiMu [101]. 3a3HaueHa HaHOcUCTeMa Oyia
MIPOTECTOBAaHA Ha 11 3MaTHICTh MOJETIIYBATH CePIIEBO-CY-
IWHHI YcKIaaHeHHs, cnpuuynHeHi HFD-inagykoBaHum
oxupinHaMm y mypiB. Bukopucranua CAF-CS NPs-ALA
CIIpUSIJIO HOpMaJi3alii abo TeHAeHILil 10 HopMaJi3auii
MOKAa3HUKIB JiMigHoro oOMiHy, KoHueHrtpauii IJI-1f3 ta
®HII-0, akTUBHOCTI JIAKTATAETiAPOreHa3n i KpeaTuHKi-
Ha3u MB, a TakoX BiTHOBJIEHHIO TiCTONATOJIOT UHUX 3MiH.
OtpuMaHi pe3ynIbTaTH CBimuaTh Ipo Te, mo ALA y ckimami
CAF-CS NPs 3aBisiku aHTUATepOTreHHili, aHTUOKCUAHT-
Hili Ta IpOTU3aIaJbHIl Ail MOXe cTaTh e(eKTUBHUM Te-
paneBTUYHUM TTiaxomnoM y jikyBaHHi CC3, 1oB’s3aHuX 3
oxupinHam [102].

HAHOHOCIT HO OCHOBI AiniAiB

3naunuii moteHuiaa SLNs cepen NPs 3 cyoOMikpoHHUMEI
po3mipamu Bix 50 1o 1000 HM npuBepTae 1o cede 0codIM-
By yBary [103]. JlimpaTnuHi IUISIXA 3aBOSIKY YHiKaIbHUM
po3mipam SLNs 31aTHi cripysiTH iX TpPaHCIIOPTYBAaHHIO B
cucTeMHMIT KpoBooOir. Lleit MmexaHi3M 3amobirae ¢pepMeH-
TaTUBHIN Jerpanainii B MeviHIli, 110 IIPU3BOAUTE IO MiIBU-
IIeHHs1 01010CTYITHOCTI iHKAICYJIbOBAaHOIO Iperapary i
3HKEHHS J0303aJIe3KHOI TOKCUYHOCTI [97].

SLNs, mo 3acTtocoByloThes it ALA, BKITIOYatOTh Mi-
LIeJIM Ta HAaHOEMYJIbCii. ¥ Mozeni paHHbOI cTamii XBopoOu
IlapkiHcoHa, iIHIyKOBaHOI OMHOPA30BUM iHTpaHa3aJIbHUM
BBeIEeHHIM |-MeTmin-4-denin-1,2,3,6-reTparinpomipuanHy
(1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine, MPTP)
y 11ypiB JiHii Bictap, OyJio MpoaeMOHCTPOBAHO HEWPO-
MMPOTEKTOPHY Mif0 BOTOPO3UMHHOIO HAHOMIlIEJISIPHOTO
KOMIUIeKcy KapHo3uHy (carnosine, CAR) ta ALA (komri-
nekcy CAR/ALA) [72]. Binomo, mo CAR sk nmpupomHuit
HEHPONENTU/I € IEPCIIEKTUBHUM aHTUOKCUIAHTOM. AHTH -
OKCHUIAHTHI i HeliponpoTekTopHi BracTuBocTi CAR min-
TBEPIIKEHi Ha Pi3HUX eKCIIEPUMEHTATEHUX MOJIEJISIX 3aXBO-

proBanb LIHC, sKi cynmpoBOIKYIOTHCSI OKMCHIOBAIbHUMU
yIIKOmKeHHsIMU Mo3KY [104]. TToka3aHo, 1110 rOCTpe BHY-
TpimmHboouepeBuHHe BBeeHHsT CAR, ALA ta CAR/ALAy
(opmi HaHomiten mpu MPTP-inaykoBaHiii HelipoTOKCHY-
HOCTi CIpusie HopMasti3allii 3arajibHO1 aHTMOKCUIAHTHO1
3natHocTi y TkaHuHax LITHC. CAR/ALA niponeMoHCTpyBaB
3/IaTHICTb 10 BiTHOBJIEHHSI MeTabo1i3My nodaminy (dopa-
mine, DA) ta ceporoniny (5-hydroxytryptamine, 5-HT).
CAR/ALA edextuBHO peryitoBaB piBHi MeTabosiTiB DA,
Takux K 3,4-murigpokcudeHinonrosa kuciaora (3,4-di-
hydroxyphenylacetic acid, DOPAC) Ta romoBaHiniHOBa
kucyora (homovanillic acid, HVA). Kpim 11poro, 3acto-
cyBanHs CAR/ALA npoaeMOHCTpyBajao TEHACHIIIO 10
MOKpAIlleHHsI iHTerpaJbHUX MOKa3HUKIB MeTabomizMmy DA
y CMyTacToMYy TiJti (corpus striatum), BKIIIOUaI09M CIIiBBiTHO-
mweHHss DOPAC/DA, HVA/DA, a TakoxX CIiBBiTHONIEHHS
5-rimpokcuiHmonouToBoi KucaotH (5S-hydroxyindole acetic
acid, 5-HIAA) no 5-HT. Takum unHoM, komriekc CAR/
ALA cnpusie BiTHOBJIEHHIO aHTUOKCUAAHTHOI aKTUBHOCTI Y
tkannHax LIHC i Hopmamizanii metadomizamy DA ta 5-HT,
110 MOX€ CBITUUTU TMPO MEPCIEeKTUBHICTb OTr0 BUKOPU-
craHH4g [72].

[HI1a BOOOpPO3YMHHA MilleJIsIpHA CUCTeMa, BimoMa SIK
Q-JIiMoaKTUBHA, OyJla CTBOpPEHA Y BUIJISIAL MilleJl, 110 Mic-
TaTh ALA y moeTHaHHI 3 HEIOHHOO MMOBEPXHEBO-aKTUBHOIO
PEYOBUHOIO, ITPU LILOMY ITOBEPXHS Millea 0yjia Moaugiko-
BaHa COJISIMU HeOpraHiYHMX MeTasiB. ExcriepuMeHTH Ha
0e31IepCTUX MUIIIAX i MOPCbKUX CBUHKAX MPOJEMOHCTPY-
BaJiv, 110 PO3po0JIeHa CUCTEMa XapaKTepPU3YEThCS BUCO-
KOIO IIPOHUKHICTIO Yepe3 eMmiIepMic, a TAKOX 10303JIEXKHO
crpusie CTUMYJISILIL mpotidepaltii Ta nudepeHianii kepa-
TuHOLMTIB. OTpUMaHi pe3yJibTaTh CBiTYaTh Mpo e(PeKTUB-
HiCTh HaHOIHKaIICyJboBaHOI hopmu ALA mis1 MicuieBoro
3acrocyBaHHs [105].

0. Coban et al. (2022) cTBOpUIM Ta NPOAHATI3YBATU
e(eKTUBHICTh KiJIbKOX HAHOEMYJIbCili, 110 MicTITh ALA.
st iIXHBOTO MPUTOTYBaHHSI BUKOPUCTOBYBAJIM PULIMHO-
BY 200 COHSIIHUKOBY OJIii, 3aCTOCOBYIOUM Pi3Hi METOIU
3MIIIyBaHHS, TaKi SIK MaTHITHE IIepeMilllyBaHHS a00 Iuc-
nepryBaHHs 3a fonomMorolo Ultra-Turrax. Y ckiani emysib-
ciit komOinyBanu ALA i3 miaHokoOamaminom. Pe3ynbratu
noka3zaJjiv, 1110 HAaHOEMYJIbCisl Ha OCHOBiI PULIMHOBOI OJIil
BUSIBWIACS HAlICTAOUIBHIIIIOI 32 YCiX TOCTIIKEHUX YMOB.
Maiixe Bcs KinbkicTb ALA i iaHoko06amaMiHy BUBiITbHU-
Jlacs 3 mpenapary npoTsIroM I’ SiTM TOIUH, Xo4a BiTaMiH B,
BMBIJIbHSIBCS IeI0 TIOBiNbHIIIE. BomHovyac hapmakosoriuHi
BUITPOOYBaHHS po3poOJeHX HAHOEMYJIbCiii He POBOIM -
nmcs [106].

HaHoOYACTUHKK MeTaAIB

OnHUM i3 HaWMOIIMPEHIIIUX HAHOTEXHOJIOTivu-
HUX TiAXOMIB i3 BUKOPMCTAaHHSIM MeETaJliB € KOH Iorallist
ALA 3 NPs 3omota (gold nanoparticles, GNP). IIpote
OUIBLIICTh JOCIIIKEHb, SIKi BUCBITIIOBAJIN 1110 TEXHOJIO-
Tifo, 0OMeXyBalMCs BUBYCHHSM il BIIACTUBOCTEI in Vitro.
A. Crescenzo et al. (2017) 3ocepenunucst Ha cuHTe3i GNP 3a
norioMoroto 6oporiapuay Hatpito (NaBH,). 3ronom otpu-
MaHi NPs MmonndikyBaiu 1HIJISIXOM TTOKPUTTS TIPOJIiIKaMU
L-nurinpodeninananiny L-dopa-ALA, abo DA-ALA. Ins
OLIIHIOBaHHSI XXUTTE3NATHOCTI KJIITHH 3acTocoByBaau MTT-
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TECT, SIKWi1 0a3y€eThCs HA 30ATHOCTI KIIITUH BiTHOBIIOBATU
3-(4,5-numeTuiria3on-2-in)-2,5-nudeHinterpasoniit 6po-
min (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide). OntumizoBaHa ¢opmyna L-dopa-ALA 3a6e3-
rneyusia IMoBHE BUBIJIbHEHHS Tpernapary MpoTIroM OnHi€el
TOIMHHU, a TAKOX TTPOIEMOHCTPYBaJIa BUCOKY 0i0OCYMiCHICTh
i3 kiiTuHHOW JiHielo SH-SYSY — Tpuui cyOKIIOHOBaHUMU
KJTiTmHaMM JiiHii Hefipobnaactomu SK-N-SH [107]. V¥ mo-
chimkenHi M. Piersimoni et al. (2020) Gy;i0 cMHTe30BaHO
GNP, xancynroBani ALA Ta BUBYEHO iXHIO aHTUOKCH-
TAHTHY aKTUBHICTS in vitro Ha MoneJii xBopoou IlapkiHcoHa
i3 3acTocyBaHHsIM KJiTuH SH-SYS5Y. GNP Oynu neraabHo
JOCITiIKEHI 3 MOPGhOJIOTiYHOT TOYKU 30Dy, a IX IUTOTOKCUY-
HIiCTh OlliHIOBajacs 3a gonomoroto MTT-Tecty 3 MeToO
BU3HAYEHHS KOHIIEHTpAIlil, 110 3a0e3MeYyIOTh BiICYTHICTh
TokcyHoro BBy GNP i GNP-ALA. Takox OyJio mpoBe-
neHo aHaii3 3matHocTi GNP y KkoMmILiekci 3 o-CUHYKJIeTHOM
innykyBatu OC. Bcranosneno, mo GNP-ALA 3axuiae
kuBi KiituHu SH-SYSY 3aBasiku aHTMOKCUAAHTHUM Mexa-
HizMaM, 3arobirac ADK-3yMoBIeHOMY YIIKOIKEHHIO, 30e-
pirae CTpyKTypHY LJIICHICTb MiKpOTPYOOUOK i MiATpUMYE
0iodi3yHi BIaCTUBOCTI KIIiTHHHOI MemOpaHu. Lli pe3ynb-
TaTU CBiMUYaTh MPO MEePCIeKTUBHICTh BUKopuctaHHss GNP
[108]. Ognax M. Viana (2022) 3actepirae, 1110 TOCTiIKEeHHS
in vivo citii MpOBOAUTH 00EpPEekKHO, OCKIJIbKY TPUBAJIe BBE-
neHHs1 GNP, 0co011B0O y BUCOKMX 103aX, MOXE CIIPUYM-
HUTHU 3JIMIITIKOBE HAKOMMYEHHS Y TKAHWHAX i TOKCUYHI
edekTu [72].

MoAiMepHi HOHOYACTUHKM

M. Haidar et al. (2020) cTBopuId KOMIIO3UTHY HaHO-
wiatdopmy Ha ocHOBI ALA Ta aTopBacTaTUHY IUIST OLIIHKK
e(eKTUBHOCTI MONBiiHOI Teparlii y JTiKyBaHHi IOIIKOIKEHb
nepudepUIHIX HEPBIB in vivo Ha MOJIEIIi YIIKOMKEHHS Cil-
HUYHOTO HepBa y 1ypiB JiHii Crnper-Jloyni. AtopBacTa-
THUH 3a3JaJIeTiab iHKaICyIoBalIu y Xito3aHoBi NPs, gki B
HoJaJIbIIoMy omHOYacHO 3 ALA 3aBaHTaXXyBaJIMCs y PO3-
YUH COMOJIiMEPY MOJIIMOJIOYHOI Ta IOJIIIiKOJIEeBOI KUCIOT
(polylactic-co-glycolic acid, PLGA). Otpumanuii MmaTepian
MingaBaiv eJeKTPONPsIiHHIO Uil GOPMYBaHHS HAHOBO-
JIOKOH. BuBYeHiI HAaHOBOJIOKHA TTPOJEMOHCTPYBaJN Oara-
TOCTYIIeHEeBUi1 Mpodiib BUBiLIbHEHHS: ALA BUBLIbHSIIACH
3a OJJHOCTYTIEHEBOIO CXEMOI0, TOJIi SIK aTOPBACTaTUH MaB
IBOCTYTEHEBUIA Tpodiab. bimsbko 83 % ALA BUBiITbHMIO-
Cs1 IPOTSITOM MepIoi roauHU. JLoCTiIKeHHS MiATBEPAUIO
0iOCYMiCHICTh HAHOBOJIOKOH i3 BOMa TUTIAaMU KJIITUHHUX
JiHiii: ¢idpodaactiB muiti L-929 ta Heiipobaactomu B35.
HeiiponpoTeKTopHUii MOTEH1IiaT LIUX HOBUX KOMITO3UTHUX
BOJIOKOH OYB ITiATBEPIKEHU TTiCJIS JIOKATIBHOTO iMILJIAHTY -
BaHHS JIMCTIB, 110 BKIovyaau ALA Ta atopBacTaTuH. 30Kpe-
Ma, CIIOCTepirajaoch BiTHOBJIEHHS] MOTOPHUX i CEHCOPHUX
(YHKII, a TAKOX TEHAEHIIisl 10 pereHepallii CiTHUYHOTO
Hepsa [109].

BucCHOBKMU

Ockinbkn OC € yHiBepcaJIbHUM TTaTo}i3i010TiYHUM
MPOLIECOM, XapaKTepHUM JIJIsI 0araTboxX 3aXBOPIOBaHb, di€Ba
aHTHMOKCHUIAHTHA CUCTEeMa IMOBMHHA MaTU IIMPOKE Tepa-
MEeBTUYHE 3aCTOCYBaHHS Y KJiHiuHili mpakTuii [110]. ALA
NEMOHCTPYE TIEHOTPOTTHI eheKTH Ha PeryJIsiiiio TITI0K03-

HOTO MeTaboJ1i3My, YaCTUHA 3 SIKUX MPOJIOBXYE aKTUBHO
BuByaTucs [20]. OagHakK TOCTYIHI ToKa3u ii e()eKTUBHOCTI
SIK aHTUTINePIIIiKeMiYHOro JI13 BUSIBIISIIOTHCSI HOCUTH OOMe-
>keHuMU. HaTtomicTh € gaHi Mpo Mo3uTUBHY IMHAMIKY y BU-
rajakax KoMOiHOBaHOIo BUkKopuctaHHs ALA 3 iHribiTopaMu
HATpii3a7IeXXHOTO KOTPpAaHCTIOpTepa IJII0OKO3U 2-TO TUITY Ta
aroHicTaMM peLerTopiB INIIOKaroHOMoAi0HOro menTuay- 1
[111]. 3 ormsamy Ha e ALA, iMOBipHO, OiTbIIIE MiIXOIUTH
1711 TpoiIaKTUYHOTO 3aCTOCYBAHHS, HIX IS KOPEKIIil
3MiH YYTJMBOCTI OO iHCYIiHY, SKi 4acTO MepPeayioTh PO3-
BUTKY Aiabery [56].

EdextuBne nikyBanHs HJI3 3anuiaeTbest HarajabHOO
KJIiHiYHOIO TIpo0ieMoto. HasiBHI ITepeKOHIMBI TOKA31 BKa-
3yI0Tb Ha KJto4oBy posib OC y nmporpecyBaHHi 1IMX MaTo-
JIOTIi. Y 3B’SI3Ky 3 UMM aHTUOKCUIAHTHA Teparlisl pO3IJIsi-
MAETHCS SIK MEPCIeKTUBHUMA MiaXia 1711 JikyBaHHs. [IpoTe
BUKOPUCTAHHS aHTUOKCUIAHTIB y KIiHIYHINM MpaKTUIIi
CYTIPOBOIXKYETHCSI HU3KOI0 0OMEXEHb, TaKUX SIK HEI0-
CTaTHE N03yBaHHS, HU3bKa 0iOAOCTYIHICTh, OOMEXEHUM
tpaHcmopt yepe3 ['EB, a Takox HegocTaTHS e(PEKTUBHICTh
y HeTpanizalii IKiIJ1MBOT0o BIUIMBY BiUIbHUX paauKasiB
[110]. doxmiHiuHi DOCTiIKXEeHHs, BAKOHAHI METOIaMMU in
vitro Ta in vivo, IeMOHCTPYIOTh, 0 ALA MomyiIio€e HU3KY
nuisaxiB, moB’s3anux i3 OC. Kpim Toro, pe3yabTraTu Kii-
HIYHUX JOCTiIKEHb MiATBEPIXKYIOTh AaHTUOKCUIAHTHU I
MexaHi3M mii ALA y nauienTiB 3 IIJI 1-ro Ta 2-ro Tuiis,
Iia0eTMYHOIO HEMPOIIaTi€l0, CUHAPOMOM ITOJIiKiCTO3ZHUX
SIEYHUKIB, OKMPIHHSIM Ta HU3KOIO iHIIMX MaTOJIOriit [56].
HeiiponporexTopHa akTUBHICTbh ALA aKTUBHO BUBYAETHCSI
i 3aCBiIYy€E CBOIO MEPCMEKTUBHICTh SIK TEpaneBTUYHUIA
minxig B aikyBaHHi [ITCP, H/I3 Ta HU3KM iHIIUX 3aXBO-
proBaHb [78].

Ilonpu 3HauHUi TepaneBTUYHUI noTeHian ALA, i
KJIiHIYHE BUKOPUCTAHHS CTUKAETHCS 3 ICSIKUMU CYTTEBU-
MU Oap’epamu. 3okpeMa, (papMakoKiHETUUHUM Npodinb
ALA 3aimiraerbcs 00MeXXeHUM, 1110 € OTHUM i3 OCHOBHUX
daxTopiB, IKi YCKIIaIHIOIOTH ii IToAajIbIlle BAKOPUCTAHHSI.
KpiMm Toro, kiHiYHUM OOCIiIXEHHSIM OpaKye cTaHIap-
TU30BaHUX MPOTOKOJIIB JiKYBaHHS, BKJIIOYHO 3 YiTKUM
BU3HAYEHHSM N03yBaHb, iHTEpPBaJiB MiX MpUiloMaMu, a
TaKOX JETaIbHOI OLIiHKNA e(eKTUBHOCTI ALA SIK MOHO-
Teparii. ¥ 1bOMYy KOHTEKCTi IeBHi MTepCIeKTUBY HAIAlOTh
cucteMu noctaBku JI3 Ha ocHoBi NPs, s1Ki moTeH1iiTHO
3MaTHI BUPIIIMTY HU3KY 3a3HaUYeHUX nmpoobsieM. [HKancymsi-
uist ALA y monimepHi NPs Moxke 3a06e3ne4nTt KOHTPOJIbO-
BaHE BUBIJIbHEHHsI PEUOBUHU Ta MOKPAIIUTH il aOCOpOILito.
Kpim Toro, TexHosorii SLNs, HiocoMm, JlimocoM, HaAHO-
CTPYKTYPOBAHUX JIMITHUX HOCIIB i Milea 3a0e3Ie9yoTh
MOXJIMBICTh MicIieBOTO abo cucTeMHOro BBeaeHHsT ALA
[112]. IIpoTe mis ocTaTOYHOIrO BU3HAYEHHS KIIiHIYHOI
IOLIJTBHOCTI Ta TeparneBTUYHOTO MmoTeHIiany ALA Heo0-
XiTHe MpOoBeAeHHS MOAANBIINX JOKIIHIYHUX i KIIHIYHMX
TOCITiIXEHb.

KonduikT inTepeciB. ABTOpU 3as1BJSIIOTH PO BiACYTHICTh
KOHMIIIKTY iHTepeciB Ta BIacHOI (piHaHCOBOI 3alliKaBIeHO-
CTi IIpY MiATOTOBIII JAHOI CTATTI.

Indopmauis npo dinancyBanus. CtaTTsl MiAroToBIEHA
B paMKaX BUKOHAHHS CTUIEHIiaIbHOI poboTu BepxoBHO1
Pamu Ykpainu.
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Post-traumatic stress disorder, diabetes mellitus,
and alpha-lipoic acid

Abstract. Post-traumatic stress disorder (PTSD) is a prognostic
factor for the development of metabolic syndrome (MetS), type 2
diabetes mellitus (T2DM), increases the risk of cardiometabolic
pathologies and neurodegenerative diseases. At the same time,
T2DM and MetS can also cause the development of major neu-
rosis-like and psychiatric symptoms characteristic of PTSD. Their
influence can manifested through negative effects on the central
nervous system, in particular the development of neurodegenera-
tive diseases. Oxidative stress and chronic low-grade inflammation
play an important role in the pathophysiology of PTSD, MetS,
and T2DM, making them the main therapeutic targets. Targeted
effects on oxidative stress, chronic low-grade inflammation and
mitochondrial metabolism disorders, the use of antioxidants,
in particular a-lipoic acid (ALA), can positively affect not only
the course of comorbidities but also the main manifestations of
PTSD. In vitro and in vivo studies have demonstrated that ALA
modulates a number of pathways associated with oxidative stress.
In addition, the results of clinical trials confirm the antioxidant
mechanism of ALA action in patients with obesity, MetS, diabetes
type 1 and 2. The neuroprotective activity of ALA is being actively
studied and is proving promising as a therapeutic approach in the
treatment of PTSD and neurodegenerative diseases. Despite the

significant therapeutic potential of ALA, its clinical application
is limited by several significant barriers. In particular, clinical
trials lack standardized treatment protocols, as well as a detailed
assessment of the effectiveness of ALA alone. In addition, the
pharmacokinetic profile of ALA remains limited, which is one
of the main factors that hinder its use. In this context, there are
certain prospects for the development of ALA transportation
systems based on nanoparticles, which can potentially solve a
number of these problems. In addition, the technologies of so-
lid lipid nanoparticles such as niosomes, liposomes, nanostruc-
tured lipid carriers and micelles provide the possibility of local or
systemic use of ALA. However, further preclinical and clinical
studies are needed to definitively determine the clinical feasibility
and therapeutic potential of ALA. The search was conducted in
Scopus, Science Direct (from Elsevier) and PubMed, including
MEDLINE databases. The keywords used were “a-lipoic acid”,
“post-traumatic stress disorder”, “diabetes mellitus”, “metabolic
syndrome”. A manual search of the bibliography of publications
was used to identify study results that could not be found during
the online search.

Keywords: a-lipoic acid; post-traumatic stress disorder; diabetes
mellitus; metabolic syndrome; literature review
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Multifocal metastatic papillary thyroid carcinoma:
a case report and literature review

Abstract. Background. Papillary thyroid carcinoma (PTC) is the most common form of malignant tumor of the thyroid
gland, accounting for about 1 % of all newly diagnosed malignant neoplasms. The average age of onset for PTC is
50 years, with a predominance of female patients (3 : 1). In most cases, a long course and a favorable prognosis
characterize PTC. However, certain pathological features may indicate aggressive metastatic disease. The results of
diagnosis and treatment are described in a clinical case of multifocal metastatic PTC. The presence of vascular, extra-
organic invasion and metastases necessitate the selection of more aggressive treatment and monitoring. Materials
and methods. We analyzed primary medical documentation, the surgical protocol, the results of blood examination,
instrumental, cytological and pathohistological studies in a 34-year-old female. Results. The patient was diagnosed
with PTC based on the results of preoperative fine-needle aspiration biopsy (FNAB) and underwent thyroidectomy,
central and lateral neck dissection. Pathological examination confirmed multifocal PTC on the background of chronic
thyroiditis, with metastases to the central lymph nodes. In the postoperative period, the patient underwent ablation
with I'’*'. Conclusions. Performing FNAB with subsequent cytological analysis in the preoperative period is critical in
establishing the diagnosis of thyroid carcinoma and determining the extent of surgery. Effective surgical treatment
followed by pathological examination is crucial for determining subsequent radioiodine therapy.

Keywords: papillary thyroid carcinoma; lymph node metastases; thyroidectomy; clinical and pathological features;
clinical case

Introduction

Papillary thyroid carcinoma (PTC) is the most common
form of thyroid cancer and accounts for about 80—85 % of
all thyroid malignant tumors. The average age of patients
with PTC is 50 years, and it occurs three times more often
in female patients [1]. PTC is commonly identified as a pal-
pable nodule or, frequently, as an incidental finding during
an ultrasound examination. Metastases to regional lymph
nodes and multifocal tumor growth in PTC are common.
In most cases, PTC has a favorable prognosis with a 10-year
survival rate of more than 90 % [2]. However, the presence
of clinical signs of invasiveness and metastasis require more
aggressive treatment [3].

The purpose of the work was to assess the effectiveness
of morphological diagnostic methods during pre- and post-
operative periods, along with evaluating the clinical and
diagnostic features and treatment outcomes in a patient
with PTC.

Materials and methods

A 34-year-old female presented to the surgery department
with complaints of a nodular formation in the thyroid region
of the neck. Physical examination revealed multiple dense
nodules in the thyroid gland. Laboratory data: routine blood
test is normal. Hormone levels: thyroid-stimulating hormone
(TSH) — 1.47 wlU/ml; T4 — 1.16 nmol/L; T3 — 2.93 nmol/L.

The ultrasound examination showed that the echoge-
nicity of both lobes is moderately reduced, the structure
is heterogeneous due to the alternation of areas of reduced
and increased echogenicity. In both lobes of the thyroid
gland, formations are detected: in the right — one measuring
11 X 7 mm, in the left — two measuring 5 X 7 and 9 X § mm.
The formations had an irregular shape with unclear hydro-
philic boundaries, with hyperechoic inclusions. Multiple
enlarged lymph nodes were visualized: pretracheal, right
and left paratracheal, ranging in size from 12.0 to 30.0 mm,
without changes in parenchymal echostructure.
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Results

Fine-needle aspiration biopsy (FNAB) of right and left
lobe nodules was performed under ultrasound control. Final
cytological diagnosis: aspirates from the nodules of the right
(11 mm) and left lobe (9 mm) of the thyroid are identical.
Papillary thyroid carcinoma. Bethesda category VI.

In cytological specimens, follicular epithelial cells with
pronounced signs of proliferation and atypia characteristic
of PTC were identified, having branched and disordered
papillary structures. In the enlarged nuclei of the follicular
epithelial cells, nuclear grooves, chromatin rarefaction, and
intranuclear pseudoinclusions were found.

Based on clinical data and cytological conclusion after
FNAB, total thyroidectomy with central neck dissection was
performed.

During a pathological examination, five nodules mea-
suring 3, 5, 15, 6, 2 mm of similar structure were found in
the tissue of the right and left lobes of the thyroid on the
background of chronic thyroiditis. These nodules had a mixed
structure. Areas of papillary, solid structure, as well as areas
formed by small follicles were determined. Follicular epithe-
lium with pronounced signs of proliferation and atypia is cha-
racteristic of PTC. The nodules had a dense fibrous capsule.
Signs of invasion into the surrounding glandular tissue and
vascular invasion (in the form of psammoma bodies) were de-
termined. Thyroid metastases were found in one of 11 paratra-
cheal lymph nodes (metastatic deposit size was 3 mm). Others
thyroid nodules formed by medium-sized follicles lined with
epithelium with signs of oncocytic metaplasia were detected.
The nodules were encapsulated by dense fibrous tissue.

Final pathological diagnosis: papillary thyroid cancer,
contralateral multifocal growth (3, 5, 15, 6, 2 mm) on the
background of multinodular goiter with concomitant thy-
roiditis. Metastases to the paratracheal lymph nodes (1/11,
size 3 mm). According to the 8" edition of the AJICC/TNM
staging system of thyroid cancer: pI'IbmN1aMO0, stage I,
clinical group II.

The postoperative period was without complications. The
patient was discharged 2 days after surgery without any symp-
toms of hypoparathyroidism and recurrent laryngeal nerve
injury. The patient was prescribed treatment with radioactive
iodine (I"*') at a dose of 150 mCi and thyroxine (150 mcg)
with monitoring of the TSH level. Six months after surgery,
the patient underwent computed tomography, ultrasound
examination, and blood tests, including thyroglobulin and
antithyroglobulin antibodies, — no signs of recurrence were
detected.

Discussion

A review of the literature indicates an increased incidence
of PTC, attributed to advancements and wider accessibility
of imaging technologies. However, in general, the prognosis
for PTC is favorable [1]. PTC is the most common type of
thyroid cancer, accounting for approximately 70—80 % [2].
Lymphogenic spread of PTC is one of the ways of metastasis,
the frequency of which can reach 40—90 % [3]. It usually oc-
curs through the abundant lymphatic networks of the thyroid
gland. Pathological examination of metastatic cases reveals
signs of vascular invasion at the tumor periphery. The likeli-
hood of a tumor spreading increases with its size [4].

Psammoma bodies are usually associated with classic
papillary thyroid carcinoma in 25 % of cases and are found
in various subtypes of PTC. Their presence is considered a
reliable diagnostic marker for PTC and correlates with ag-
gressive tumor behavior such as multifocality, extra-thyroidal
invasion, and lymph node metastasis, but does not correlate
with patient age, gender, or tumor size [5].

Multifocal papillary thyroid carcinoma should be distin-
guished from PTC with internal spread and poorly differentiated
papillary carcinoma. Multifocal thyroid carcinoma is charac-
terized by multiple carcinomas with extra-organic invasion,
lymphatic metastases and recurrences [6]. The aggressiveness of
PTC with multifocal growth is higher compared to single tumor
lesions. The incidence of multifocal thyroid carcinoma growth
varies and ranges from 18—87 % [7], and the frequency of lym-
phatic metastases reaches 60 % of cases. Many scientists suggest
multifocal PTC develops from discrete clones with irrelevant ge-
netic backgrounds [8]. In addition, disseminated tumor lesions
usually occur as microcarcinomas less than 1 cm in size [9].

Clinical statistics reflect a higher incidence of MTC in
combination with Hashimoto’s thyroiditis and hereditary
thyroid cancer [10]. Hashimoto’s thyroiditis involves all thy-
roid parenchyma, resulting in diffuse cell destruction and
elevated TSH levels, which can stimulate the proliferation
of thyroid gland cells. Malignant tumors that develop on the
background of diffuse lesions are similar to each other and
have no direct connection [11].

Poorly differentiated thyroid cancer often occurs as a
combination of areas of different histological structures in
different proportions. The tumor cells disseminate through
the lymphatic vessels and do not have the characteristics of
PTC, which are typical for thyroid follicles.

Internally spreading PTC is a distinct subtype characte-
rized by smaller lesions, detectable only through microscopic
examination [12]. Pathological examination reveals tumor
nodules surrounded by several radial “cancer nests”. The
number of small nodules and the degree of their accumula-
tion decrease with distance from large nodules, indicating the
internal spread of thyroid cancer [13].

While it is easy to make a preoperative diagnosis of PTC,
the form of PTS is difficult to distinguish. Ultrasound exami-
nation is the most effective method of visualizing thyroid
diseases [14]. The following ultrasound features of thyroid
nodules are considered suspicious for malignancy: decreased
echogenicity, irregular shape, unclear borders, and small
calcifications. According to the analysis of clinical data, when
any three of the above signs are detected in the nodule, more
than 90 % of the literature indicates its malignant nature [15].

FNAB under ultrasound control is the most effective
diagnostic method during the perioperative period if thy-
roid cancer is suspected, metastases to the lymph nodes are
detected, and when determining the extent of surgical inter-
vention. Studies show high diagnostic accuracy of FNAB in
PTC. Cytological analysis of aspirates of the thyroid nodules
revealed papillary structures of follicular epithelial cells with
pronounced nuclear grooves and clear chromatin [16].

In some cases, ultrasound may be insensitive to small foci
of carcinoma. Thus, for the diagnosis of PTC, it is important to
combine several diagnostic methods based on the correct assess-
ment of the spread of the primary nodule, signs of invasion and
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metastasis to the neck lymph nodes. Computed tomography is
a useful adjunct to ultrasound to evaluate invasion into adjacent
tissues and involvement of the cervical lymph nodes [17].

Multifocal carcinoma is a risk factor for lymphatic metas-
tasis (both central and lateral) [18]. In addition, recurrence in
multifocal thyroid cancer develops more frequently [19]. The
presence of multifocality is considered as an unfavorable sign,
implying deterioration of the tumor condition, poorer therapeu-
tic effect and prognosis [20] compared to unifocal disease [21].
The extent of surgical treatment for multifocal thyroid carcino-
ma is no different from that for the intradisseminated form [22].

According to many studies, metastases to the cervical lymph
nodes are the main cause of local recurrence of thyroid cancer
[23]. Studies have shown that reoperation for recurrent PTC can
significantly increase complications, which will affect the pa-
tient’s quality of life. Therefore, treatment of the cervical lymph
nodes during primary surgery is important for the prognosis of
patients with PTC [24]. Surgical extent is determined by the re-
sults of preoperative examination and histological confirmation
of PTC. To exclude lymphatic metastases, functional dissection
of the lymph nodes should also be performed [25]. After effec-
tive radionuclide scanning and hormone replacement therapy,
the prognosis for thyroid cancer is usually favorable [26].

Conclusions

The natural evolution and specific clinical significance of
multifocal PTC remain controversial. The presented clinical
case summarizes its clinical and pathological features. The
most characteristic type of PTC structure is papillary, al-
though it’s usually mixed. In approximately one third of the
foci in our patient, the tumors had mostly papillary growth
pattern, while another two thirds were of predominantly
follicular and solid nature. Regardless of the type of tumor
growth, nuclear signs of atypia characteristic of PTC were
found in follicular epithelial cells. As in other literature data,
the described case of multifocal PTC is associated with me-
tastasis to the lymph nodes, which confirms higher cumula-
tive risks of disease progression. Accordingly, a more aggres-
sive treatment strategy is recommended for multifocal PTC.
Based on the American Thyroid Association (ATA) recom-
mendations, risk factors for metastasis and recurrence (older/
younger age, larger tumor size, multifocality, extra-thyroidal
invasion, and regional lymph node metastases) should be

carefully considered before prophylactic neck dissection. It
is noteworthy that multifocal PTC is classified into the in-
termediate- and high-risk groups. Additionally, recent ATA
guidelines do not recommend aggressive approaches to mul-
tifocal PTC such as postoperative radioiodine ablation, except
for multifocal PTC larger than 1 cm. In the described clinical
case, the size of one of the PTC foci was more than 1.5 cm.

In summary, this study showed that multifocal PTCs are
prone to metastasis. Recurrences are usually observed during
the first years of follow-up, but may be detected later. In this
case, no relapse was noted within six months after surgery.
Regular monitoring is important to detect recurrence. Per-
sonalized therapy and lifelong monitoring are recommended
for patients with PTC.
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MyAbTUDOKAABHO METACTATUYHA MAMIASIPHA KAPLMHOMA LUTOMOAIGHOIT 30A03M:
KAIHIYHUIA BUNOAOK 3 OFTASIAOM AiTepartypu

Pestome. Axmyaaovnicme. TaminsgpHa KaplrHOMa IIUATOMONIOHOT
3ao03u (ITKIII3) € HafmomMpeHio0 (GOpMOI0 3TOSIKICHUX TTyX-
JIVH 1IbOTO OpraHa, Ha sIKy npuranae 6au3bko 1 % ycix Brepiine
BUSIBJICHUX 3JI0SIKICHUX HOBOYTBOpeHb. CepeHiii BiK n1e0loTy —
50 pokiB, mepeBaxaloTh NMalieHTH XiHovoi crati (3 : 1). Y Oib-
mocti BunankiB [TKII3 xapakTepu3yeTbCs TpUBAIUM Mepedirom
i CIPUSATIAMBUM MPOTHO30M, aJjie iHO/li PO3BUBAETLCS arpeCUBHE
MeTacTazyBaHHs. ONMCaHO KIIiHIYHUI BUIAI0K MYJIbTU()OKATEHOL
[MKIIL3 i3 MmeTacTazamu B perioHapHi Jimdbatuuni By3au. Hass-
HICTb CYIMHHOI, EKCTPaOpraHHOI iHBa3ii Ta MeTaCcTa3iB 3yMOBIIOE
HeoOXinHiCTh BUOOpPY OiJIbII arpecMBHOI TAKTUKM JIiIKYBaHHS I
MOHITOPUHTY. Mema: ouiHUTU e(DEeKTUBHICTh MOP(OTOTIYHUX
METO[IiB TiarHOCTUKHU, KJTIHiKO-IiarHOCTUYHiI 0COOJIMBOCTI i pe-
3ynbTaTy JikyBaHHs xBopoi Ha [1KII3. Mamepiaau ma memoou.
[1poaHasizoBaHO iCTOPil0 XBOPOOHU, MPOTOKOJI onepallii, pe3yab-
TaTW J1a00OpPaTOPHUX, IHCTPYMEHTAJIBHUX, MOP(MOIOTiUHUX TOCTi-

IKeHb 34-pivHOl MarieHTKu. Pe3ytsmamu. 3a pe3yibTaTaMy TOH-
KOTOJIKOBOI acmipauiitHoi nmyHkuiiiHoi 6ioncii (TAIIDB), y nepen-
oneparliitHomy nepioni xBopiit niarnoctoano I1KII3, BuKoHaHO
ekcTpadacuiaJbHy TUPEOITeKTOMIIO 3 LIEHTPAIBHOIO Ta JIaTepaib-
Hoto nucekirieto. [1ig yac maToMopdoIOrivHOro AOCTiIKeHHST
MaTBepIKeHOo aiarHo3 MyabThudokanbHoi [TKII3 3 MetacTazamMmu
BJIiMbOBY3/11 Ha (POHI XPOHIYHOTO TUPEOINUTY. Y Ticisionepariii-
HOMY TIepiofi XBopilt mpoBeneHo absilio itomoM-131. Bucnosku.
TAITIDB i3 uuTONOriYHUM aHaTi30M Y MepeaorepaliitHoMy rnepioi
Mae BeJIMKe 3HaYeHHSI TS BCTAHOBJIEHHSI IIarHO3Y paKy IIUTOIO-
NiOHOT 3aJ1031 i BU3HAUEHHST 00CSTY OMEepaTUBHOIO BTPYYaHHS.
BupimranbHoro y BUOOPi ITomabIoi pagioiioaTeparii € onTUMab-
Ha TaKTHKa XipyprivHOTO JiKyBaHHS.

KimrouoBi ciioBa: maminsgpHa KapuymHoMa IIMATOMONIOHOI 341031,
MeTacTasu B JIiM(MAaTHUHI BY3JIU; TUPEOINeKTOMisl; KJIiHiKO-TIaTO-
JIOTiYHi 0COOIMBOCTI; KITiHIYHII BUITaT0K
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