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IHCyAiH rnaprid

PosumH
. AnA iH'ekUin

100 oavH

v/ GIOCUMIZISTP OPUTIHANBLHOTO JITKAPCHKOTO 3aCo6Yy '

v BUKOPUCTOBYETLCST B CXeMax iHcyniiHoTepanii anst nikysanust LI
y Aopocnvx, MgniTkiB Ta Aiten Bikom Big 2 pokis ’

v' 5 poxiB 3acTOCyBaHHs Ha (papMaLLeBTUYHOMY PUHKY YKpainum *

BuTAr 3 iHCTPYKUT 4nA MeguuHOro 3acTocyeaHHa AikapcoKoro 3acoby Adnap®{llar®):

Crnag: Alioya peuoBMHa: IHCYiH rnaprid. flikapchbka dopma: Po3umH ana iH eKuid. ®apmakoTepaneRTUuHA
[pyna. |HcyniHK Ta aHanoru Tpueanol Aii 4na in'ekuii. Kog ATX A10A E04. Nokasauua. flikysaHHA
LYKpOBOTO AiabeTy y ACPOCAUX, NIAAITKIB Ta AiTel BIKOM BiA 2 poKis. MpoTunoKazaHHA. MiggulieHa
SYTAMBICTL A0 AiO4OT peHoRUHK ab0 A0 ByAb-AKOT AONOMDKHOT PELOBUHM, WO BEXOAHTH 40 CKAAAY
Anikapcbiore 3acoby. 3acTocypaHHA ¥ Nepiod BariTHOCTI Ta roAyBaHHA rpyanio. Npenapat Adnap® mowHa
NPHU3HAYaTH Nig, Yac BArTHOCTI, AKWO Y Leomy € noTpeba. HoaHux metaboniuhux edekTie, CnpUy MHERUX
NPOHUKHEHHAM IHCY/IHY TNapriHy B OPraHismM HOBOHA3POAKEHOTO/HEMOBAA i3 TDYAHUM MOAOKOM, HE
OMIKYETLCA. [liTH. 3aCTOCORYETLCA AITAM BIKOM BiZ, 2 poKiB. Mobiuni peakuii. linornikemin, AK NpaguAoc, €
HaluacTiWoIo NOBINHOK PeaKLiielo, WO CNOCTEPIraETheA NiA Hac iHeyAiHoTepanii. BoHa BUHUKaE TO4I, oAU
A03a BBASHOrC IHCYAIHY HaBaraTo nepeanLye NoTpedy y HLoMy. AK | NpM 3acTocyBaHHI ByAb-AKMX IHLMX
npenaparis iHCyAiny, ¥ Micyi iH'EKUIAHOrO BBeAEHHA MOXYTh BUHUKATH PO3/1adH WKIpK Ta NigWwKipHoi
KAITKOBMHM — NinogucTpodin Ta aminoigos WKipH, BHACAIA0K YOT0 WBHMAKICTL BCMOKTYBAHHA IHCYAIRY Y
MicLi iH'eKUT 3mMeHLYEThea. TOCTIHHA 3MmiHa MicLA TH'eKLT B MemaX AINAHKH iH'EKLT MOXe AONOMOTTH
ameHWwHTH abo 3anobirmn UMM peakuiam. OcobauBOCTI 3acToCyBaHHA: Afinap® He € npenapaTom Bubopy
407 NiKYBAHHA AlaBEeTHUHOrO KeToaUMAO03Y. 3aMICTh HhOTO Y TAKMX BUNAAKaX PEKOMEHAYETLCA BHYTPIL-
HbOBEHHE BBEAEHHA 38UuaiHoro (peryaap) iHcyaiHy. AKWO v pesynbTaTi NiKyBaHHA He BAAETLCA LOCATTH
JOCTAaTHLOTO KOHTPOAKD PIBHA MNIOKE3H aB0 CNOCTEPIraeTbeA TeHACHLA A0 36iAbIIEHHA eni3oAis rino- 4
rinepraikemii, nepes TMM AK 3MIHIOBATH AC3YBAHHA NPenapary, ciif NepesipuTH, Y1 AOTPUMYETLCA
XBOPUH peKoMeHAaLIA Wo A0 PeMUMY NiKYBAHHA, MICLA BREAGHHA NPENapaTy, HaNewHOI TeXHIKK
iH'EKLIAHOTO BBEASHHA, a TAKOK OUIHWTH iHWI BaXAMBI OAKTOPK, AKI BNAKMBAKTL Ha EOEKTHBHICTL
ANikyBaHHA. Mepes BUMKOPHCTAHHAM WNPHU-PYYKYM CAiJ, YBAMHO NPO-MTATH IHCTPYKLO 3 Ti 3aCTOCYBaHHA.
Afinap® noTpibHO BUKOPUCTORYBATH BIANOBIAHO A0 HCTPYKLIT. JoKnagHy iHOOpMALI0 Npo ocoBaMBOCTI

3aCTOCYBAHHA MOMHA 3HAIUTH B IHCTPYKLI 40 MEAMUHOIO 3acTOCYBaHHA Nikapckkoro sacoby Ainap®.
Ymoru 36epiradna. 36epirat y HegoCTyNHOMY AnA AiTel micyi! HesigkpuTi kapTpuaki. 36epiraTi npu
Temnepartypi 8ig +2 °C o +8 °C (y xonoaunsHUKY). He samopoxysati! Ymosn 36epiranHa gue. y posgini
«TepmiH NPUAATHOCTI». ¥NakorKa. Mo 3 mAa y kapTpuaki. Mo 5 kapTpuakie y Brictepi, no 1 Brictepy B
nauyj. Kateropia sianycky. 3a peuentom. Bupobuuk. BiokoH Baionoaxukc Nimitea. Biocon Biologics
Limited. AT «®apmak». P.M. Ne UA\15749\01\01, Hakaz MO3 Ykpainu N2 56, 3MiHW BHECEHO HaKazom
MO3 Yrpaisu Ne 1053 sig 20.06.2022 p.

MoBHWIA Nepenik NOKasaHb, NPOTUNOKA3aHb, NOBIUHUX edeKTiB, 3 TAKOK AOKNAAHY IHOOPMALK Npo
cnocif Ta 0cobAMBOCTI 3aCTOCYBAHHA AUBITLCA B IHCTPYKLIT 4O MEAUYHOTO 3aCTOCYBAHHA AIKAPCLKOTO
3acoby Alnap®.
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Buar 3 incTpyKuii AnA mefuuHoro 3acrocysakiA npenapary ARITIMET

Cxena. liioyi pevosutu: BigaminTh, Merbopminy rigpoxnopws. Nikapcska dopma. Tabnerxy, Brputi
mniskoeoi ofionokon. GapmaxorepanesTuina rpyna. Mporuaiaberwuri npenapam. Kombinauia
nepopanbKX rincrmikemizyiounx npenaparie. Kog ATX A108 DOB. Moxazauua. Aiirnimer nokaanuil ana
NiKYBaHHA NaLEHTIB I3 LiyKpoBUM AlaBTon 11 THNY: AOPOLIAX NLEHTIB, ¥ AKX HANEXHIH KOKTPONb PIBHA
TIIOKO3# He Moxe ByTu 3atieaneyeriii nepopanbHuM NPIOMOM METHOPMIHY AK MOHOMPENapATY Y MaKCH-
MallbHO NepeHOCHMMX A03ax, abo naujexTis, AKi Bxe OTPMMyBaNM NikyBaHkA komGiHaujeio BingarninTHHy
Ta METQOpMIHY ¥ BHTARAT OKDEMIX Npenapatia; y KOMOIHAUT 3i CynbOOHIACENOBUHOK (TDMKOMMOHEHTHA
komBiHoBaKa Tepania) Ak LONATKOBHA A0 AiET Ta BB 3aci6 py NikyBaHHI NLEHTIB, CTaH AKAX HE KOH-
TROMIGETLCA HANEKHMM YMHOM NPH 33CTOCYB2HHI METGOPMIHY T2 CyNbOOHINCEYOBMHM; ANA NPOBEAEHHA
TRHKOMIOHEHTHOT komGiHOBaHOT Tepani 3 iHcyniHoM Ak JodaTkoewil 4o JieTw Ta Bnpas 3ad AnA nokpa-
LUEHHA KOHTPONIO PIBHA FAIOKO3M NP NiKYBaHHI NALIENTIB, Y AKAX 3ACTOCYBAHHA CTAGINBHOT HO3M THCYAiHY
T3 MeTGOpMiHY AK MOHOTEpaN He 3a6e3neuye HanexHoro KOHTPONIO piBHA rioKo3y. MpoTHNOKa3aHHA.
TligBuwena uyTEicT Ao BingaminmaHy, abo merdapmiy rigpoxnopway, abo Ao Byab-AKAX HLIKX Kom-
TioHeHTi npenapary. . AfirniMeT He PeKOMEHLYETLCA 3aCTOCOBYBATH ANA NikyBaHHA AiTedl Ta nignimde
(Bikom 40 18 pokis). MoGiuni peawayii, Binbwicro BANAAKIB Bynu AErkuMM Ta 3HKKaNM NPH NPOZOBAREHH]
JACTOCYB3HHA BUNGAIMIMTUHY Ta METGOpMHy, NOBHH Nepenik NobluHwxX Al MOXH3 3H3HTH B IHCTpYKUTT
A MEJMIHOTD 33CTOCYBaHHA Npenapaty. OcoBNMBOCTI 3aCTOCYBAHHA. AiiriMET He 3aMIHIOE IHCYNIH
A iHCyRiH3anexHiX nauienTie. lpenapar He Cnig 3acTocosyBaT y nauientie 3 piabetom | Tuny. YmoBu
3bepiranna. Jlanwnii nikapcokyii 3adb He norpefiye cnewjansHux ymos 36epiraris. Ynaxoska. o 7 Tafine-
Toky Gnicrepi, no 4 Gnictepuy nauyj. Kaveropis .33 peuienron, P, N2 UA/18279/01/01 (Haxas
MO3 Yipaikn sin 04 Bepeciia 2020 p. N 2032), P.MT. N2 UA/18310/01/01 (Haxas MO3 YKPATHY sin 17 Bepec-
HA 2020 p. K2 2119). BipoGnmm. AT «Dapmake (NepRMHHE T2 BTOPKHHE NBkyYB3HHA, MAPKYBaHHS, BHYCK
cepii 3 npoaykuiiin bulk ipmu-aupoBHuka «Oman Dapmacsiorvkan Mpogaktc Komnani NCs, Oman).

1. IHCTpyKLiA AR MeAHYHOTO 33CTOCYBAHHA NiKapCbKoro 3acoby Ajimimer.

UGAIT

Vildagliptin

BHTAF 3 iHCTPYKUIT A1 MeAWYHOTO 3aCTOCYBaHHA npenapaty ARTIM

Cxnap;: gioya peyoita: BinaarninTuw; 17abnerka micute Binaarnintuny 50 mr. Mlikapcbxa dopma. Tabnerky. Papmarorepane-
BTWYHA rpyna. [inornikemiuni CUHTETWUHI Ta iHWi 3acobi. IHriGitopu gunenmugunnenmnasn-4. Moxasanka. JlikysaHHa Qopociux
naujexTis 3 uykposum giaberom Tuny Il. Aix mooTepania, y cknaai noggiiikol nepopansHol Tepanil'y komGiHau 3: merdopmiHoM, cynbho-
HINCEYOBHHOI, Tia3oniAKHAIOHOM, Y CKNaAi NOTPIHOT nepopanbHoi Tepanii B KOMBIHALIT 3: CYAbYOHINCEUOBUHOK T8 METHOPMIHOM,
y komBiHaui 3 iHcyninom (3 MeTdopmiHom abo 6e3), konu Ai€Ta Ta Giauyni Bpaew pazom 3i crabinbHoio 403010 iHCyNiHy He 3abe3neuyiors
ajiekBaTHoro rnikemivkoro koHTponio. MipoTunoxasanna. Bigoma rinepuytnugictb o singarnintiy abo 1o Byab-AKoT JonomixHoT
PeyOBMHY. 3aCTOCYBAHHA Y Mepio BariTHOCTI Ta roayBaHKA rpyAAl. JiTAM Ta NianiTkam BIKoM A0 18 POKIB 3acToCyBaHHA npenapary
Aiirnin” He pekomenayeTsca. Cnod6 3a HHA Ta A03H. Pexomen/108aHa 1060B 1032 BIAKATRINTHHY CTaHOBHTS 100 Mr, AKY
pozainAkTs Ha Aea npudomu: 50 Mr Bpanyi Ta 50 Mr eseuepi. MoGiuni pearuyi. binbwicts nobiuxux peakwjil, WO BUHUKENH NPK Npu-
Homi BingarninTuHy, 6ynm nerkimn 3a xapakTepomM Ta TAMYaCOBMIMM | He BMMArani NpunMHeHHA NikysanHA, MoBHwWI nepenik nobiuxux
edeKTIB MOXHA 3HAWTH B IHCTPYKUTT 417 MEWYHOTO 3aCTOCyBakHA npenapaty. OcobnmBocti 3acTocyBanHa. [penapar He cnig 3acTo-
COBYBATW 1A NiKYBAHHA NaujienTiB 3 fiafetom Tuny | afo fiaberwuiim keToauuaoaom. [locein 3aCTOCYBaHHA NpENapary AnA NikyBaHHA
NAUIERTIB 3 NOMIPHHMK a0 TAXKIMU NOPYLLEHHAMHK GYHKUTT HMPOK, & Takox naujienTia i3 HHTC Ha remoaianizi o6MexeHHiA. MopywenHs
byHKUIT neyinkw. Ain® He pekoMeHA0BaHIH ANA 3aCTOCYBaKHA NaLiEHTaM 13 NOPYLUEHHAMN dYHKLT NeviHKY, y TOMY YMchi nalieHTam,
¥ AKX £0 NiKyBatHs pisenb ANTT abo ACT GinbLue Hix y 3 pa3u nepeBuLLYBaB BEPXHIO MeXy HopmM. KOHTPONb PiBHiB depmenTie neyin-
K. YmoBw 36epiranna. [Ina nikapcokoro 3acoby He nopi6Hi cneuianshi ymosi 3depiraka. ¥naxasxa. Mo 10 Tabnerok y Gnictepi.
Mo 3 6nicrepu y nauu. Kaveropia Bimmycxy. 3a peuentom. P11, N UA/17556/01/01, Bin 12 cepna 2019 p. (Haka3 MO3 Ykpaiku
Bia 12 cepnna 2019 p. N 1772.). BupoBHuK. AT «Dapmaxs.

2. E-Quaghlidi A, Rehring E, Holst 1), et al. The dipeptidyl peptidase 4 inhibitor vildagliptin does not accentuate glibenclamide-induced hy-
poglycemia but reduces glucose-induced glucagon-like peptide 1 and gastric inhibitory polypeptide secretion. J Clin Endocrinol Metab. 2007
Nov;92(11):4165-71. doi: 10.1210/)c.2006-1932. 3. Fonseca V., Schweizer A., Albrecht D. Addition of vildagliptin to insulin improves glycaemic
control in type 2 diabetes. Diabetologia 2007; 50: 1148—1155. Garber AJ., Foley J.E., Banerji M.A. et al. Effects of vildagliptin on glucose control
in patients with type 2 diabetes inadequately controlled with a sulphonylurea. Diabetes Obes Metab 2008;10:1047—1056. 4. Eur ) Pharmacal.
2011 Jan 15;650(2-3):703-7. doi: 10.1016/].ejphar.2010.10.062. Epub 2010 Nov 9. The DPP-4 inhibitor vildagliptin increases pancreatic beta cell
mass in neonatal rats. Duttaroy A, Voelker F, Merriam K, Zhang X, Ren X, Subramanian K, Hughes TE, Burkey BF.

NoBHKiA nepenix noxasaHb, NPOTHNOKA3aHb, NobiMHMX edextis, a Tako AoxnagHy indopmauio npo cnod6 Ta ocobanBoct] 3acTocyBaHHA MOXHA 3HAATH B IHCTPYKUT N MeJHYHOTO 3aCTOCYBAHHA Npe-
naparis. Pexnama nixapcoxoro 3acoby. Indopmaviiimii marepian gnn posmienna y aneyjanizoBannx BUAAHHAK, NPU3HAYEHAX ANA MEAWMHHX YCTRHOB Ta NiKapiB, a TAKOM ANA POIMOBCIO/KEHHA Ha e~

MiHapax, KoH(epeHLinx, CHMNO3iyMaX 3 MeWIHOT TEMATHKN.
YKP/TIPOMO/06/2021/AAM/ART/M/001
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METAQOPA®

Cienad: 1 rabneka Micvms meTdopmisy rigpoxnopuay 500 mr, 1 TabreTka Micrums meropminy rigpoxnopuy 850 mr; 1abnetka micvs metdopmiry rigpoxnopun 1000 mr. Mokasanss. Lykposuit piaber 2 Tany npi
HeedeKTUBHOCTI JIIETOTeDaNii T2 PEXMMY Qi3UUHUX HABAHTKEHb, OCOBMMBO Y XBOPKX 3 HAZMLLIKOBOK) Macok Tina: [na 3MeHLLIBHHA YCKRaaHeHb AiabeTy y nopocvx naLlienTie i3 Lykposum Aiabetom 2 Tany i
HAMLUKOROID MaCOk) Tina AK Npenapar nepLuoi nikil nicnA HeedekTwBHoi ietotepanii. Mpomunokasanns, TiABULLEHA YyTIMBICTL 10 MeThopMiHy 360 o Byab-AKOTO IHILIOTD KOMNOHEHTa NiKapcbKoro 3acoby;
Gyab-AKKI TMN FoCTPOro MeTaBonivHoro aUMA03y (HAaNpVKNAZ, NaKToaLUMA3, NiabeTuHui KeToauwa3); AlabeTHYHA NPEKOMa; HIPKOBA HEOCTATHICTL TAMKOTD CTYNeHA (LuBKaKicTL Knyboukosol dinbpauil (LKD) < 30
MI/XB); NEYIHKOBA HEAOCTATHICT, FOCTPE OTPYEHHA ANKOronem, ankoronim. MakcumansHa pekomeH[0BaHa 03a CTaHoBmTs 3000 Mr Ha foby, posnoginena Ha 3 npuiiomi. pomunoxazanss. HakuacTimmu
HeBasaHUMK PeakLliAmMI Ha OYATKY NiKYBaHHA € HynoTa, BniosaxkA, Aiapes, 6inb y susoTi, BncyTHicTb anemiry, Ll ammromu y GinbliocTi Bunazkis MuHaKkTs camocTiaio. Mobiuni peaxyil. 2 poky. Kaveropia
signycxy. 3a peuertom. BupoGruk. AT <kMIBCHKMA BITAMIHHII 3ABOL.

META®OPA®-SR = e o
: ' . - KWIBCbKWW BITAMIHHWUWX 3ABOA
Cienad:] Tabnetxa micruTs Methopmiry rigpoxnopugy 1000 mr; Nikapcska dopma. Tabnetki nponoHrosaHol Ail. X sosl
Mokazanks. 3HOKeHHA pH3Ky 360 3aTpHMKa NOYaTKY LykpoBOro ajabety 2 Ty y OPOCNKK NALIERTIE 3 HaaAMIPHOR \ﬂm I‘i

Macolo Tina Ta 3 NopyLUEHoI0 TonepanTHicTio o rtokoaw (T7) Ta/abo 3 nopytwewoto rikemieio natwwe (MTH), Ta/abo 3
nigenwieHnm pissem HbATC Nikysaxua Lykpororo Alabety 2 Tuny y 0pocnux, 0coBNMBO Y XBOPHX 3 HAAMIPHOIO MAColo
Tina, Kony nuLLIe AieToTepania Ta hiauyHi HaBaHTaXeHHA He 3a6e3neyyioTh aieKBaTHIUA MMiKeMIYHUA KOHTPOND.
Mpomunoxazanya. - NigevLieHa yyTnHBICTL A0 MeThopmiHy ado 40 Byb-AKOO IHLLOTO KOMNOHEHTA NikapcbKoro
3acoby; « Byab-AKuii TN rocTporo metaboniuHoro auua3y (Hanpuknag, NaKToauWA03, AiabeTHuHIiA KetoaLao3); « P R gk R
njabeTAuHa npeKoma; L W R SR S s A
* HUPKOBA HEAOCTATHICTb TAMKKOTO CTYNEHA (WBaKicTe Knyboukosoi dinbtpauii (LKD) < 30 mn/xB); « rocTpi cTanM, wo

NPOTIKAIOTb 3 PU3NKOM PO3BUTKY NOPYLLEHS (YHKLIT HAPOK: 3HEBOAHEHHA OPraHi3my, TAMKI IHOEKUIiH] 3aXBOPIOBaHHA,

LLIOK; = 33XBOPIOBAHHA, LLIO MOKYTb NPU3BORKTM A0 PO3BKTKY rioKCil TKaHUH (0coBnMBO rocTpi 3axBoploBaHHA abo

310CTPEHHA XPOHIYHOT XBOPOOH): AEKOMNEHCOBAHA CepLIEBA HEAOCTATHICTE, AVXaNbHA HEAOCTATHICTh, HelLOAJBHO

NEPeHeceHui iHGapKT MIOKap[a, LLOK; = NEYIHKOBA HEAOCTATHICTD, FOCTPE OTPYEHHA ANKOroMem, ankoronizm. fepmin

npudamuocmi. 2 pox. Kaeropin signyaxy. 3a peuenrom. Bupo6rm. AT «KMIBCHKIAW BITAMIHHNA 3ABOL
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CropoveHa iHCcTpykuin BIOEIH (VIDEYIN&

Cknad: piya peyosuHa; Xonekanbuhg)epon‘ 1 kancyna mictiTe xonekanbLudepony 500 mkr (sitamity D3 — 20000 MO). Nikapcbka opma. Kancynu m'ak. )
DapmakoTepaneBTWYHa rpyna. Biraminu. Mpenapati sitamiHy D Ta ioro ananoris. Xonexkansumdepon. Kog ATX A11C C05. Moka3arHsA: Ans Nikys8aHH KNiHiYHO NiATBEpMKeHOro
neciuury sitaminy D y gopocnux; ana npodbinaktukm Aediyuty BitamiHy D y nalyjeHTie 3 BACOKAM PU3MKOM; LONOBHEHHA 40 cneuugpiquo'i Tepanii 0cTEoNopoay Y NalieHTIB i3 AediunTom BiTaMiHy
D abo a BucokAm puankom HecTaui BitaMiny D; MpomunokasaHMs: nigsuLieHa YyTnWBIcTL [0 KOMMNOHEHTIB Nikapckkoro 3acoby; rinepkansLjemia; rinepkansLypis; inepsitamidoa D;
ncesorinonaparpeos (notpeba y Biramini D moke ByTh HWKua, HiX ¥ Nepiof HOPMaNEHOI YyTNMBOCTI O BITAMIHY, 3 pU3WKkoM TPMBANoro nepedoayBaHHs); HedponiTiaa (ceyokam AHa xsopaba);
HUPKOBA HEOCTATHICTb, cag»(omos: TyDepKyNL03; NofAaTKOBMI NPAIoM BiTamiHy D (Moxe NpM3BecTH [0 NepenoayBants). Crnoci6 3acmo¢|\:AyeaHHir ma do3u: [ouarkose NikyBaHHs

ecbiyuty sitamity D: 40000 MO Ha TwxaeHs (6-12 Twxsis). fikyBants gediuvty eiraminy D Ta nigrpumea voro piens: Big 60000 ao 120000 MO Ha wicsub (ae 6 micalig) TTpodinaktvka
LTy Bmamidy D: 20000 MO Ha TvxgeHs (3 nucTonaza Mo KeiTeHs). LonoBHEHRS A0 cnewyvdiYHOT Tepanil 0CTeonopoay Y NallieHTie 3 AediliuTom eiTamiHy D aBo y NaLeHTIB 13 pU3UKoM
rectasi sramidy U: 20000-40000 MO Ha micslib ¥ NoeHaHHi 3 npenapaToM KankLiio, AKILO Le € noTpIDRMM. L[ITTU. He peroMeRyeThes 3acT0CyBaHHA JIKapChKoro sacoéy AITAM Ta NigAiTKam
BIKOM 0 18 pokiB)]. TepMmiH npudamuocmi. 3 poki. YMOBU 30epiraHHs. 36epirati B opuriHansHiv ynakosLi npu TemnepaTypi He suwe 25 °C. 36epirati y HeflocTynHoMy Ans AiTen
micyl. Ynakoska. Mo 10 kancyn Y Grictepi; po 2 Bnicrepu B nauyi. KaTeropis Bianycky. 3a peyentom.
Bupo6Huk. AT «KUIBCbKAN BITAMIHHWIA 3ABO[» .

Inchopmallis npo nikapchkuit 3acib, NpraHaueHa AnNA PoO3aNOBCIOMKEHHA ceper MeauYHUX | (hapMaLleBTUHHWX NPaLjiBHUKIB Ha CrieLjianiaoBaHx ceMiapax, KoH(epeHLIAX, CAMNO3iyMaX 3 MeMHHOl
Tematuku. Binein - PITMO3 Ykpaium Ne UA/18050/01/03 sin 23.04.2020; Ne UA/18050/01/04 Bin 15.08.2023. Mepen 3acTOCYBAHHAM YBaXHO O3HAROMTECH 3 IHCTPYKLIE Ta MPOKOHCYMLTYWTECH
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Abstract. In papillary thyroid carcinomas (PTCs), Ki67 labeling index (LI) is a prognosticator of metastases and recurrence, but it
is not clear whether this extends to patients exposed to radiation in childhood. The aim of this work was to determine whether
certain associations exist between Ki67 LI and clinicohistopathological characteristics of radiogenic and sporadic PTCs removed
from patients of different ages and whether possible associations depend on the BRAFV600E status. Material and methods.
Analysis of clinical histopathological and immunohistochemical (IHC) data on 552 PTCs (416 radiogenic and 136 sporadic) was
performed using univariate tests and multivariate statistical modeling. Results. In radiogenic PTCs from patients aged up to 29
years, an increase in Ki67 LI was associated with the higher frequency of dominant papillary growth pattern (odds ratio (OR)=1.208,
p=>5.34E-04), BRAF* mutation (OR=1.183, p=0.007) and oncocytic changes (OR=1.120, p=0.044), and with the risk of recurrence
(hazard ratio (HR)=1.249, p=0.033). An increase in Ki67 LI in the BRAF"™E-positive tumors did not lead to significant changes in
pathological and clinical PTCs characteristics, whereas in the BRAF"®-negative tumors it was associated with the risk of recurrent
metastases (HR=1.227, p=0.038), including the radioiodine refractory ones (RAI-R, OR=1.551, p=0.037). The effect of Ki67 LI on

© T.I. Bogdanova, L.Yu. Zurnadzhy, V.O. Saenko, M.Yu. Bolgov, S.V. Masiuk3, S.V. Burko, T.L. Degtyaryova, S.V.
Chernyshov, S.V. Gulevatyi, M. Ito4, T.I. Rogounovitch, M.D. Tronko
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the mentioned characteristics of sporadic PTC in the same age group was similar for most variables, but was absent for the risk of
recurrences both in the whole group and in the BRAF*®positive or BRAF*“:-negative PTCs. In patients aged up to 49 years with
radiogenic PTG, the effects of Ki67 LI were in line with those determined in younger patients. Conclusions. In radiogenic PTCs,
unlike in sporadic tumors, an increase in Ki67 LI was associated with a worse postoperative prognosis, namely with an increase
in the risk of recurrent metastases, including RAI-R, which, in turn, was associated exclusively with the BRAF*-negative status.
In the BRAF®%-positive PTCs, regardless of their etiology, an increase in Ki67 LI did not affect the clinical and histopathological

indicators and the prognosis.

Keywords: papillary thyroid carcinoma, Chornoby! accident, Ki67 proliferative index, BRAF*™¢ mutation, immunohistochemical

study.

Ki67 (MIB-1) is the most common marker of
proliferative activity of various tumors widely used
in diagnostic pathology. As for PTCs, a number of
studies have shown that their proliferative activ-
ity, namely the Ki67 LI, is associated with a larger
tumor size [1-4] and has a significant prognostic
power for regional metastases and recurrence [5-8].
However, whether these associations hold true for
PTCs from patients exposed to ionizing radiation
in childhood remains unknown.

In our previous works [9-11], which involved
THC study of the BRAFV®F mutant protein expres-
sion in radiogenic and sporadic PTCs from patients
of different ages, the frequency of RAI-R recurrent
metastases was found to be increased in older pa-
tients with the BRAFV®E-positive PTCs [11]. The
available literature data regarding the relationship
of Ki67 LI with BRAF"*"F are contradictory. Some
groups claimed a higher Ki67 LI in the BRAFV60E-
positive PTCs [1, 12], whereas others observed no
difference in Ki67 LI between the BRAFVS"E-posi-
tive and the BRAFV$E-negative PTCs [13]. To date,
no reports addressing the relationship between Ki67
LI and BRAF mutational status are available for pa-
tients with a history of radiation exposure.

In the current study, we aimed to determine
whether there are associations between Ki67 LI
and clinicohistopathological characteristics of ra-
diogenic and sporadic PTCs removed from patients
of different ages and whether such possible associa-
tions depend on the BRAFVSE status.

Material and methods

Patients

Histopathological and THC studies were per-
formed on PTCs removed from 552 patients aged
up to 49 years (416 radiogenic and 136 sporadic)
operated on at the State Institution «V.P. Komisa-
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renko Institute of Endocrinology and Metabolism
of the National Academy of Medical Sciences of
Ukraine» (IEM) during the period from 1990 to
2017, and which were IHC stained with antibodies
to the mutated BRAFV5F protein (VE1) and Ki67
(MIB-1).

In the first two parts of the study, 236 radiogenic
PTCs (patients aged up to 4 years at the time of the
Chornobyl accident who lived in the most contami-
nated by **!I Kyiv, Chernihiv and Zhytomyr regions)
and 136 sporadic PTC (patients who lived in the
same regions but born after January 1%, 1987, thus
not exposed to *'T) were analyzed, respectively. Con-
sidering the fact that patients with sporadic PTCs at
the beginning of the study were aged up to 29 years,
the radiogenic group in the first part of the work also
included only patients of a similar age group.

For the third part of the study, 180 cases from
patients aged 29 to 49 years old, operated in the
IEM from 2015 to 2017, who were at the time of
the accident in childhood and lived in the northern,
most contaminated by '3!I regions of Ukraine, were
added to the 236 radiogenic PTCs from the first
part; in total, there were 416 cases of radiogenic
PTCs.

The study was conducted according to the
guidelines of the Declaration of Helsinki and was
approved by the Bioethics Committee of IEM
(protocols N 22-KE of April 26, 2018, and N 31-
KE of February 27, 2020), the Chornobyl Tissue
Bank (CTB, project N001-2020), and the Eth-
ics Committee of Nagasaki University (protocol
20130401—7 of July 1, 2021, the latest update). In-
formed consent was obtained from all patients en-
rolled in the study or their guardians.

Histopathology

As in previous studies [9-11], the initial analysis
of hematoxylin and eosin-stained histological speci-
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mens, and establishment of PTC diagnosis was per-
formed in the IEM by two experienced pathologists
(TB and LZ). The pathological diagnosis was based
on the 4" edition of the WHO Histological Classi-
fication [14]. The vast majority of cases were addi-
tionally reviewed by a pathology panel of the Chor-
nobyl tissue bank project [15, 16]. The diagnosis of
PTC was confirmed in all cases. pTNM categories
were determined according to the latest 8" edition
of tumor TNM classification [17].

PTCs were evaluated by size, dominant histologi-
cal growth pattern, oncocytic changes, main invasive
and clinical characteristics, as described in previous
publications [9-11, 18]. To assess overall invasive-
ness, we used an integrative variable, the «invasive-
ness score» [11, 19], which included N1, M1, extra-
thyroidal extension (ether minimal or to the muscle),
multifocal tumor growth and lymphatic/vascular
invasion. The invasiveness score determined in this
way ranged from «0» (no sign of invasiveness) to
«5» (all the above signs present). Recurrent metas-
tases examined after reoperation not earlier than 6
months after the 1* surgery were evaluated for being
radioiodine-avid or RAI-R according to the recom-
mendations of the American and European Thyroid
Associations [20-22].

Immunohistochemistry

IHC studies were performed at Nagasaki
University according to the protocol developed
in the Department of Radiation Molecular Epide-
miology of the Atomic Bomb Diseases Institute of
the Nagasaki University (LZ, TR). IHC staining to
determine BRAFVYSF expression was performed as
previously described [9-11]. A positive IHC reac-
tion with antibodies to BRAFYF was consistent
with the presence of the BRAF"*"F mutation [23].

The proliferative activity of tumors was evalu-
ated by THC using a Ki67 antibody (clone MIB-
1; DAKO, Glostrup, Denmark, 1:100 dilution) in
a Ventana BenchMark ULTRA instrument. The
Ki67 LI (Ki67 LI) was determined with the im-
age-analyzing software (CountoCell, Ki67 antigen
Semi-Auto Counter, Seiko Tec LTD, Fukuoka, Ja-
pan) in a total of approximately 1,000 PTC cells per
case (LZ).

Thyroid dosimetry

Individual thyroid radiation doses due to '*'I
ingestion after the Chornobyl accident were calcu-
lated for each patient at the Radiation Protection
Laboratory of the State Institution «National Sci-
entific Center of Radiation Medicine, Hematology

and Oncology of the National Academy of Medical
Sciences of Ukraine» using an ecological and do-
simetric model which combines the system of eco-
logical transport of iodine and biokinetic models of
iodine [24].

Probability of causation due to radiation

The probability of causation (POC) of a tumor
by exposure to a known radiation dose of an indi-
vidual of a given sex and age after a certain period
of latency was determined using the US NIH/NCI
Division of Cancer Epidemiology and Genetics’ In-
teractive RadioEpidemiological Program — Prob-
ability of Cancer Causation from Radiation Version
5.7.1 software [25, 26]. This software, as mentioned
in our previous works [11, 27], uses «Personal In-
formation» and «Dose Exposure Information» and
calculates POC ranging from the 1% to the 99
percentile based on 10,000 random-seeded simula-
tions. POC estimate in this study is the 50" percen-
tile value. The higher POC value reflects the higher
likelihood of cancer development due to radiation
exposure.

Statistical analysis

Logistic regression models were adjusted for
age at operation and sex. Models with very small
numbers of outcomes (<5 per cell) were conducted
using Firth’s approach to bias-reducing penalized
maximum likelihood fit. To plot estimated proba-
bilities obtained in the logistic regression models
(SAS PROC LOGISTIC), the PROC LOESS was
used for smoothing. Multivariable linear regression
models were applied to continuous dependent vari-
ables. Effect of Ki67 LI on disease-free survival was
estimated using the Kaplan-Meier method and the
proportional hazard models.

Calculations were performed using SAS version
9.4 (SAS Institute, Cary, NC, USA) or IBM SPSS
Statistics Version 24 software (International Busi-
ness Machines Corp., Armonk, NY, USA). All tests
were two-sided; p<0.05 was considered indicative
of statistical significance.

Results and discussion

1. The effect of Ki67 LI on radiogenic PTCs
Jrom patients aged up to 29 years

All data collected or generated for young pa-
tients with radiogenic PTCs are shown in Fig. 1.
Among the 236 analyzed radiogenic PTCs, the
median Ki67 LI was 2.6% (IQR=1.5-4.5%) with a
significant prevalence of the frequency of tumors
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Fig. 1. Characteristics of 236 radiogenic PTCs from patients aged up to 29 years.

in which Ki67 LI<5% (78.8% vs 21.2% with Ki67
LI>5%, p<0.001).

Descriptive characteristics of the group of ra-
diogenic PTCs were as follows: the median age of
patients at the time of surgery was 16.0 (IQR=12.8-
22.8) years, the median tumors size was 16 (IQR=12-
30) mm, the most frequent dominant solid-trabec-
ular growth pattern was observed was in 44.1% of
tumors, the frequency of the BRAF*’Ymutation was
rather low, 11.0%, the median invasiveness score was
2 (IQR=1-3). Most patients (93.2%) underwent
total thyroidectomy and postoperative radioiodine

therapy (RIT, 79.7%). The frequency of recurrent
metastases was low, 3.3%, and they were removed
0.8-9.4 years after the primary operation (Table 1).

The analysis of Ki67 LI effect on the clinico-
histopathological characteristics of radiogenic
PTCs, which included univariate logistic, linear,
and Cox proportional hazard regression models, es-
tablished that Ki67 LI was statistically significant-
ly associated with an increase in patient age at the
time of surgery (b=0.169, p=9.48E-06), more fre-
quent dominant papillary (OR=1.208, p=5.34E-04)
and less frequent follicular growth pattern pat-

Table 1. Characteristics of 236 radiogenic PTCs from patients aged up to 29 years by Ki67 LI.

Parameters Number (%) or median (range; IQR) OR, b or HR (95%(Cl)* p-value
Sex F/M (%M, F:M ratio) 156/80 (33.9%; 2.0:1) 0.942 (0.846-1.048)° 0271
Age at operation, years 16.0 (4.2-28.9; 12.8-22.8) 0.169 (0.095-0.242) 9.48E-06
Age at exposure, years 2.0(0.1-4.0; 1-3) -0.013 (-0.052-0.025)¢ 0.495
Period of latency, years 14.0 (3.8-28.2; 10.0-20.7) 0.294 (0.168-0.420) 6.831E-06
Radiation dose to the thyroid, mGy 319 (28-24110; 160-712) -0.012 (-0.037- 0.014) 0381
POC, % 70.7 (8.1-99.5; 53.5-84.4) -0.248 (-1.181-0.684) 06
Tumor size, mm 16 (1-65; 12-30) -0.031 (-0.076-0.014) 0.179
Complete tumor capsule 36 (15.3%) 1.004 (0.886-1.137) 0.955
Dominant growth pattern 1.146 (1.072-1.224) 5.57E-05
papillary 54 (22.9%) 1.208 (1.085-1.334) 5.34E-04
follicular 78 (33.1%) 0.889 (0.791-0.999) 0.048
solid-trabecular 104 (44.1%) 0.939 (0.848-1.039) 0.221
Ki67 LI, % 26(0.3-16.6; 1.5-4.5) NA® NA
0-5% 186 (78.8%) NA NA
-10% 40 (16.9%) NA NA
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Parameters Number (%) or median (range; IQR)  OR, b or HR (95%Cl)* p-value

>10% 10 (4.2%) NA NA
BRAF"®™E-positive 26 (11.0%) 1.183 (1.046-1.338) 0.007
Oncocytic changes 38 (16.1%) 1.120 (1.003-1.250) 0.044
Multifocality 34 (14.4%) 1.016 (0.897-1.151) 0.803
Lymphatic/vascular invasion 230 (55.3%) 0.952 (0.861-1.052) 0.335
Extrathyroidal extension (any) 160 (67.8%) 0.946 (0.857-1.044) 0.27
N category (N1) 124 (52.5%) 0.907 (0.820-1.003) 0.057
M category (M1) 37 (15.7%) 0.947 (0.811-1.106) 0.489
Invasiveness score 2(0-5;1-3) 0.938 (0.863-1.020) 0.133
Thyroid surgery volume, n=235

total thyroidectomy 219(93.2%) 1.810(1.143-2.866) 0.011

organ-preserving operation 16 (6.8%) 0.552 (0.349-0.875) 0011
Lymph node dissection, n=235 136 (57.9%) 0.984 (0.895-1.082) 0.74
RIT performed 188 (79.7%) 1.026 (0.907-1.159) 0.686
RIT response, n=188 0.799 (0.680-0.939) 0.006

RAI-R recurrence vs other 1(0.5%) 1.509 (1.055-2.159)f 0.024

excellent vs other 175(93.1%) 0.818 (0.693-0.966) 0.018
Follow-up, years, n=234 13.2(0.01-27.9;8.5-18.2) 0.076 (-0.184-0.336) 0.566
LN recurrence, n=214 7 (3.3%) 1.249 (1.018-1.532)¢ 0.033
LN recurrence, n=214 7 (3.3%) 1.259 (1.078-1.470)" 0.004
Time to recurrence, years n=7;3.0(0.8-94; 1.0-8.3) 0.002 (-1.191-1.194) 0.997

Note: “— adjusted for age at operation and sex unless otherwise specified; ® — adjusted for age at operation; © — adjusted for sex; ¢ — non-adjusted; ¢ — not
available; = Firth's penalized logistic regression;, ¢ — Cox proportional hazard model adjusted for patient age, sex, thyroid surgery volume and lymph node

dissection; " — non-adjusted Cox proportional hazard model.

terns (OR=0.889, p=0.048), BRAFV®"E-positivity
(OR=1.183, p=0.007) and oncocytic changes in PTC
cells (OR=1.120, p=0.044). At the same time, Ki67 LI
did not significantly affect any indicator of invasive-
ness. Of importance, Ki67 LI reduced the frequency
of complete remission of the disease in response to
RIT (OR=0.818, p=0.018) and increased the chance
of recurrence (HR=1.249, p=0.033, see Table 1).

At the next step, we subdivided radiogenic PTCs
by their BRAFVSF status. First of all, it should be
noted that Ki67 LI in the BRAFY®E-positive tumors
(4.8%, IQR=3.8-6.3%) significantly exceeded that

in the BRAFV6E-pnegative tumors (2.3%, IQR=1.3-
3.9%, p=7.64E-06, the Mann-Whitney test).

Analysis of the effect of Ki67 LI in the
BRAFV6®E-positive and -negative subgroups of ra-
diogenic PTCs (Table 2) did not detect Ki67 LI
association with structural, invasive and clinical
characteristics in the former, while in the latter it
was statistically significantly associated with such
important clinical indicators as the probability
of developing recurrent metastases (HR=1.227,
p=0.038), including the RAI-R metastases
(OR=1.551, p=0.037).
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2. The effect of Ki67 LI on sporadic PTCs from
patients aged up to 29 years

All data collected or generated for young pa-
tients with sporadic PTCs are shown in Fig. 2.

Among the 136 sporadic PTCs, the median Ki67
LI was 4.7% (IQR=2.8-7.2%) with a slight preva-
lence of tumors with Ki67<5%, 55.9% vs. 44.1% of
those with Ki67 LI>5%.

The median age of patients with sporadic PTC at
the time of surgery was 17.5 (IQR=14.5-22.3) years,
tumors size was 16 (IQR=10-28) mm. Almost a half
(47.1%) of PTCs had a dominant papillary growth
pattern. The frequency of the BRAF"*"! mutation
was 29.4%, oncocytic changes in tumor cells were
observed in 45.6% of tumors, which appears to be
higher than in radiogenic PTCs. Invasiveness score

was somewhat lower that in the radiogenic PTCs,
of 1 (IQR=0-3). Most patients, as in the radiogenic
group, underwent total thyroidectomy (85.3%)
and postoperative RIT (79.4%). The recurrence
rate was low, 2.9%; recurrent metastases were re-
moved 0.7-6.3 years after the primary operation
(Table 3).

Ki67 LI in sporadic PTCs, in contrast to radio-
genic PTCs, was statistically significantly associ-
ated with a decrease in patient age at the time of
surgery (b=-0.245, p=0.029), but similarly to ra-
diogenic PTCs, it was associated with a decrease
in tumor size (b=-0.310, p=0.001), an increase in
the frequency of dominant papillary growth pat-
tern (OR=1.133, p=0.018), BRAF""F mutation
(OR=1.179, p=0.003) and oncocytic changes in

Table 2. Effect of Ki67 LI on clinicopathological characteristics in the BRAFY*®®-positive and BRAF'®-negative radiogenic PTCs from patients aged

up to 29 years.

Parameters BRAFYE-positive, n=26 BRAFt-negative, n=210
b, OR or HR (95%ClI)? p-value b, OR or HR (95%Cl)? p-value

Tumor size, mm 0.016 (-0.124-0.156) 0.813 -0.023 (-0.073-0.028) 0.375
Dominant growth pattern 1.031(0.723-1.471) 0.865 0.901 (0.817-0.993) 0.036
Oncocytic changes 1.083 (0.810-1.449) 0.591 1.107 (0.977-1.255) 0.110
Multifocality 1.252(0.861-1.822) 0.24 0.992 (0.859-1.145) 0912
Lymphatic/vascular invasion 0.754 (0.502-1.130) 0.172 1.011(0.901-1.134) 0.858
Extrathyroidal extension (any) 0.834 (0.491-1.416) 0.501 0.984 (0.883-1.096) 0.766
N category (N1) 0.651(0.378-1.122) 0.122 0.946 (0.848-1.056) 0.321
N1a 0.863 (0.580-1.284) 0.467 0.007 (0.881-1.150) 0.923
N1b 0.224(0.031-1.595) 0.135 0.930 (0.819-1.055) 0.257
M category (M1) 0.770 (0.198-2.998) 0.706 0.974(0.831-1.143) 0.749
Invasiveness score 0.802 (0.573-1.122) 0.198 0.978 (0.892-1.072) 0.634
Total thyroidectomy 1.713 (1.063-2.759) 0.027
Lymph node dissection 0.921 (0.680-1.246) 0.593 1.018 (0.915-1.132) 0.742
RIT performed 1.117(0.826-1.512) 0472 1.061(0.917-1.228) 0423
RAI-R recurrence vs other NA® (n=0) NA 1.551(1.027-2.341) 0.037
Excellent RIT response vs other 1.068 (0.598-1.906) 0.824 0.804 (0.675-0.958) 0.014
LN recurrence NA NA 1.227 (1.005-1.499) 0.038
LN recurrence NA NA 1.343 (1.114-1.609) 0.001

Note: @ — adjusted for age at operation and sex unless otherwise specified; ® — not available; < — Cox proportional hazard model adjusted for patient age,

sex, thyroid surgery volume and lymph node dissection; ¢ — non-adjusted Cox proportional hazard model.
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Fig. 2. Characteristics of 136 sporadic PTCs from patients aged up to 29 years

Table 3. Characteristics of 136 sporadic PTCs from patients aged up to 29 years by Ki67 LI.
Parameters Number (%) or median (range; IQR)  OR, b or HR (95%(Cl)* p-value
Sex F/M (%M, F:M ratio) 113/23 (16.9%; 4.9:1) 0.996 (0.883-1.125)° 0.955
Age at operation, years 17.5(6.8-28.0; 14.5-22.3) -0.245 (-0.465-0.026)¢ 0.029
Tumor size, mm 16 (4-55; 10-28) -0.310 (-0.486-0.135) 0.001
Complete tumor capsule 37 (27.2%) 0.853 (0.739-0.985) 0.030
Dominant growth pattern 0.928 (0.847-1.016) 0.108
papillary 64 (47.1%) 1.133(1.021-1.257) 0.018
follicular 37 (27.2%) 0.749 (0.626-0.896) 0.002
solid-trabecular 35 (25.7%) 1.018 (0.921-1.126) 0.721
Ki67 LI, % 47(0.5-22.2,28-7.2) NA? NA
0-5% 76 (55.9%) NA NA
>5-10% 45 (33.1%) NA NA
>10% 15 (11.0%) NA NA
BRAF"*®-positive 40 (29.4%) 1.179 (1.056-1.316) 0.003
Oncocytic changes 62 (45.6%) 1.137 (1.024-1.263) 0.016
Multifocality 20 (14.7%) 1.081(0.958-1.220) 0.206
Lymphatic/vascular invasion 75 (55.1%) 0.964 (0.873-1.064) 0.465
Extrathyroidal extension (any) 43 (31.6%) 0.991 (0.896-1.097) 0.867
N category (N1) 57 (41.9%) 1.057 (0.961-1.162) 0.256
M category (M1) 9 (6.6%) 0.846 (0.660-1.085) 0.189
Invasiveness score 1(0-4;0-3) 1.013(0.933-1.099) 0.761
Thyroid surgery volume
total thyroidectomy 116 (85.3%) 1.102 (0.937-1.295) 0.240
organ-preserving operation 20 (14.7%) 0.907 (0.772-1.067) 0.024
Lymph node dissection 73 (53.7%) 1.033 (0.936-1.139) 0.519
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Parameters Number (%) or median (range; IQR)  OR, b or HR (95%Cl)? p-value

RIT performed, n=135 108 (79.4%) 1.060 (0.932-1.206) 0372

RIT response, n=108 1.056 (0.900-1.240) 0.501

RAI-R recurrence vs other 4(3.7%) 1.076 (0.876-1.322) 0.486

excellent vs other 90 (83.3%) 1.060 (0.901-1.247) 0482
Follow-up, years 54(0.01-21.0; 2.6-8.8) 0.112 (-0.654-0.878) 0.774

LN recurrence, n=126 4(2.9%) 1.202 (0.908-1.536) 0.135

LN recurrence, n=126 4(2.9%) 1.174 (0.926-1.490) 0.186

Time to recurrence, years n=4; 1.3 (0.7-6.3;0.8-4.0) 0.109 (NA-NA) NA

Note: ¢ — adjusted for age at operation and sex unless otherwise specified; * —

adjusted for age at operation; < — adjusted for sex;  — not available; ¢ — Cox

proportional hazard model adjusted for patient age, sex, thyroid surgery volume and lymph node dissection; " — non-adjusted Cox proportional hazard

model.

PTC cells (OR=1.137, p=0.016). Ki67 LI in spo-
radic PTCs, in agreement with observations in ra-
diogenic tumors, did not affect any of the indica-
tors of invasiveness, but in contrast to radiogenic
PTCs, it did not reduce the frequency of complete
remission (excellent vs other) in response to RIT
(OR=1.060, p=0.482 ) and did not statistically
significantly increase the chance of recurrence
(HR=1.202, p=0.135, see Table 3).

Similarly to radiogenic PTCs, Ki67 LI in spo-
radic tumors was statistically significantly higher
in the BRAFV6E-positive PTCs (5.9%, [QR=4.3-
8.7) than in the BRAFV%F-negative tumors (4.1%,
IQR=2.5-6.9, p=0.003).

Analysis of the Ki67 LI effects in the BRAFV600E-
positive and -negative subgroups of sporadic PTCs
(Table 4) demonstrated that it was not associated
with the structural, invasive and clinical charac-
teristics, which is concordant with results in the
radiogenic PTCs. Ki67 LI was also not associated
with recurrence both in the BRAFY®E-positive or
in BRAFV6E-pnegative PTCs despite the fact that
three of the four recurrent sporadic PTCs, as shown
in our previous studies [9, 10], were BRAFV6E-pos-
itive. The only parameter that depended on Ki67
LI in sporadic PTCs was the increasing frequency
of oncocytic changes in the BRAFV6®F-negative
PTC cells (OR=1.160, p=0.047).

Table 4. Effect of Ki67 LI on clinicopathological characteristics in the BRAF®®-positive and BRAF'®™t-negative sporadic PTCs from patients aged

up to 29 years.

Parameters BRAFV¢®-positive, n=40 BRAFV¢®E-pegative, n=96
b, OR or HR (95%Cl)? p-value b, ORor HR (95%Cl)? p-value

Tumor size, mm -0.702 (-1.418-0.014) 0.054 -0.491 (-1.268-0.284) 0.21
Dominant growth pattern 0.860 (0.647-1.098) 0.225 0.989 (0.884-1.108) 0.854
Oncocytic changes 1.019 (0.866-1.199) 0819 1.160 (1.002-1.342) 0.047
Multifocality 0.989 (0.791-1.237) 0.923 1.123 (0.942-1.139) 0.194
Lymphatic/vascular invasion 0.898 (0.747-1.078) 0.248 1.085 (0.934-1.261) 0.284
Extrathyroidal extension (any) 0.924 (0.751-1.137) 0.453 1.013(0.886-1.157) 0.855
N category (N1) 0.942 (0.783-1.133) 0.526 1.127 (0.987-1.286) 0.077
N1a 0.962 (0.777-1.192) 0.723 0.999 (0.840-1.190) 0.995
N1b 0.924 (0.686-1.245) 0.604 1.139(0.997-1.302) 0.056
M category (M1) 0.972 (0.746-1.268)° 0.706 0.872 (0.669-1.135) 0.307
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Parameters BRAFV¢®-positive, n=40 BRAFV¢®E-pegative, n=96
b, OR or HR (95%Cl)? p-value b, OR or HR (95%Cl)? p-value

Invasiveness score 0.909 (0.785-1.054) 0.207 1.069 (0.958-1.194) 0.233
Total thyroidectomy 0.736 (0.482-1.101) 0.136 1.204 (0.939-1.542) 0.143
Lymph node dissection 0.895 (0.741-1.082) 0.253 1.111(0.967-1.277) 0.138
RIT performed 0.856 (0.666-1.102) 0.228 1.079 (0.915-1.273) 0.366
RAI-R recurrence vs other 0.987 (0.748-1.302) 0.928 1.547 (0.831-2.878) 0.168
Excellent RIT response vs other 1.168 (0.816-1.671) 0.396 1.005 (0.826-1.223) 0.957
LN recurrence 0.978 (0.545-2.052) 0.941 1.395 (0.808-5.039)° 0432
LN recurrence 1.051 (0.679-1.411) 0.778 3.981 (0.864-93.085)¢ 0.249

Note: @ — adjusted for age at operation and sex unless otherwise specified; * —

Firth's penalized logistic regression; < — Firth's penalized Cox proportional

hazard model; ? - Firth's penalized non-adjusted Cox proportional hazard model.

3. The effect of Ki67 LI on radiogenic PTCs
Jrom patients aged up to 49 years

All data collected or generated for patients aged
up to 49 years with radiogenic PTCs are shown in
Fig. 3.

Expansion of the radiogenic group size to 416
individuals by inclusion of patients aged at the
time of surgery from 29 to 49 years (Table 5) led
to an increase in their median age at operation to
26.5 (IQR=15.3-36.5) years, age at the time of the
accident to 3.0 (IQR=1.0-7.0) years, latency period
to 24.2 (IQR=13.0-29.6) years, and also to a de-
crease in ' thyroid dose to 172 (IQR=63-454.0)
mGy and POC level to 53.8 % (IQR=23.9-77.8%)
as compared to the radiogenic group of younger pa-
tients (see Table 1). In line with our previous stud-
ies[11, 28], the longer latency period was associated
with a higher frequency of PTCs with the dominant
papillary growth pattern, oncocytic changes and
the BRAFY"F mutation (up to 32.5%), and with a
lower frequency of invasive features. Thyroidec-

tomy (92.5%) followed by RIT (79.3%) remained
the main treatment approach. The recurrence rate
remained virtually unchanged (3.4%), metastases
were removed 0.7-9.4 years after primary surgery.
Note however that the frequency of RAI-R metas-
tases increased from 0.5% to 2.4% (see Tables 1, 3).

Analysis of the Ki67 LI effects on the clinicohis-
topathological characteristics of radiogenic PTCs
from patients aged up to 49 years is shown in Table
5 and Fig. 4-6. Ki67 LI was positively associated
with age at the time of surgery, namely with adult
patients aged 25 and older (Fig. 4A) and/or with
adolescent and adult age groups (Fig. 4B), with age
over 7 years at the time of the Chornobyl accident
(Fig. 4C) and period of latency of 15-30 years (Fig.
4D). The probability of detecting radiogenic PTCs
with Ki67 LI>10% in childhood cases was extreme-
ly low, approximately 5% (see Fig. 4A, B). Note
that the probability of detecting PTCs in children
aged up to 15 years in the sporadic group with Ki67
LI>10% was substantially higher — up to 60% (data
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Fig. 3. Characteristics of 416 radiogenic PTCs from patients aged up to 49 years

109

VERTE }



ISSN 1680-1466" EHAOKPVHOJONA" 2024, TOM 29, Ne 2

OpwuriHanbHi OCHIAKEHHSA

Table 5. Characteristics of 416 radiogenic PTCs from patients aged up to 49 years by Ki67 LI.

Parameters Number (%) ormedian (range; IQR) OR, b or HR (95%Cl)? p-value
Sex F/M (%M, F:M ratio) 292/124 (29.8%; 2.4:1) 0.960 (0.889-1.037)° 0302
Age at operation, years 26.5 (4.2-49.1; 15.3-36.5) 0.261 (0.176-0.347) 4.39E-09
Age at exposure, years 3.0(1-18.6;1.0-7.0) 0.040 (0.000-0.080)° 0.051
Period of latency, years 24.2 (3.8-31.2; 13.0-29.6) 0407 (0.290-0.525) 297E-11
Radiation dose to the thyroid, mGy 172 (6-24110; 63-454) -0.036 (-0.060-0.011)¢ 0.004
POC, % 53.8(1.3-99.5;23.9-77.8) -1.391 (-2.355-0.427)¢ 0.005
Tumor size, mm 15 (1-65; 10-24) -0.054 (-0.085-0.023) 0.001
Complete tumor capsule 36 (8.7%) 1.029 (0.916-1.156) 0.626
Dominant growth pattern 1.146 (1.072-1.224) 5.57E-05
papillary 134 (32.2%) 1.210(1.120-1.306) 1.00E-06
follicular 112 (26.9%) 0.855 (0.775-0.944) 0.002
solid-trabecular 170 (40.9%) 0.933 (0.867-1.003) 0.061
Ki67 LI, % 3.3(03-18.7;1.9-5.3) NA NA
0-5% 297 (71.4%) NA NA
>5-10% 98 (23.6%) NA NA
>10% 21 (5.0%) NA NA
BRAFY0E-positive 135 (32.5%) 1.162 (1.069-1.263) 4.01E-04
Oncocytic changes 138 (33.2%) 1.154 (1.069-1.245) 2.27E-04
Multifocality 85 (20.4%) 0.971 (0.889-1.060) 0.508
Lymphatic/vascular invasion 230 (55.3%) 0.935 (0.871-1.005) 0.068
Extrathyroidal extension (any) 169 (40.6%) 0.939(0.872-1.012) 0.099

N category (N1) 183 (44.0%) 0.933 (0.868-1.004) 0.063

M category (M1) 41(9.9%) 0.935 (0.808-1.082) 0.365
Invasiveness score 2(0-5;0-3) 0.927 (0.872-0.985) 0.014
Thyroid surgery volume, n=415

total thyroidectomy 384 (92.5%) 1.250(1.029-1.518) 0.024
organ-preserving operation 31(7.5%) 0.800 (0.659-0.971) 0.024
Lymph node dissection, n=415 220 (53.0%) 1.004 (0.928-1.075) 0.902
RIT performed 330 (79.3%) 1.085 (0.987-1.193) 0.091
RIT response, n=330 0914 (0.826-1.011) 0.081
RAI-R recurrence vs other 8(2.4%) 1.100 (0.899-1.346) 0352
excellent vs other 291 (88.2%) 0.907 (0.819-1.005) 0.061
Follow-up, years, n=414 54(0.01-27.9;3.1-14.1) -0.466 (-0.672-0.261) 1.10E-05
LN recurrence, n=398 14 (3.4%) 1.192 (1.030-1.381)° 0.019

LN recurrence, n=398 14 (3.4%) 1.186 (1.049-1.341) 0.006
Time to recurrence, years, n=14 1.7 (0.7-9.4;0.9-3.0) 0.824 (-0.916-2.564) 0316

Note: @ — adjusted for age at operation and sex unless otherwise specified; *— adjusted for age at operation; < — adjusted for sex; ¢ —

non-adjusted, ¢— Cox

proportional hazard model adjusted for patient age, sex, thyroid surgery volume and lymph node dissection; — n on-adjusted Cox proportional hazard

model.
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Fig. 4. Association of Ki67 LI with (A, B) age at
operation, (C) age at exposure and (D) period
of latency in 416 patients aged up to 49 years
with radiogenic PTCs.

Note: Asterisks indicate statistical significance.

Fig. 5. Association of Ki67 LI with (A) proba-
bility of tumor causation due to radiation ex-
posure, (B) tumor size, (C) histopathological
features, (D) histopathological invasiveness,
(E) invasiveness score and (F) clinical param-
eters of 416 radiogenic PTCs from patients
aged up to 49 years.

Note: Asterisks indicate statistical significance.
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not shown). As presented in Table 5, with a Ki67
LI increase, a decrease in POC level was observed
(b=-0.029, p=0.044), likely due to the changes in
its components, namely, an increase in patient age
at the time of surgery (b=0.261, p=4.39E-09) and a
decrease in '*'I thyroid dose (b=-0.036, p=0.004 ).

Estimated probability of detecting PTC with
Ki67 LI greater than 10% and POC level greater
than 75% was less than 20% (Fig. 5A). A higher Ki67
LI was also associated with a decrease in tumor size
(b=-0.054, p=0.001) in parallel with a significant
increase in the probability of detecting PTCs up to
10 mm in size, i.e. microcarcinoma (Fig. 3B), with
a higher frequency of tumors with the dominant
papillary growth pattern (OR=1.210, p=1.00E-06),
oncocytic changes (OR=1.154, p=2.27E-04) and
the BRAF""F mutation (OR=1.162, p=4.01E-04
(Fig. 5C). At the same time, the invasive properties
of PTC did not change significantly with increas-
ing Ki67 LI (see Table 5 and Fig. 5D, E), except
for a statistically significant lower probability of
detecting tumors with an invasiveness score of
«3». Among the clinical characteristics (Fig. 5F),
there was a positive association of a higher Ki67 LI
with thyroidectomy (OR=1.250, p=0.024) and the
chance of recurrence (HR=1.1929, p=0.019, see
Table 5).

Our analysis of disease-free survival using the
Kaplan-Meier method (Fig. 6A) and the propor-
tional hazard model (Fig. 6B) showed that, despite
the relatively low frequency of recurrences, the
Ki67 LI level higher than 3.5% in the given group
of radiogenic PTCs was a statistically significant
risk factor.

Ki67 LIin the BRAFV6E-positive tumors (4.6%,
IQR=3.6-6.3%, very close to that in patients aged
up to 29 years), significantly exceeded KI67 LI in
the BRAFV®E-negative tumors (2.7%, IQR=1.6-
4.6%, p=1.43E-13). Analysis of the Ki67 LI effects
in the BRAFYSF status subgroups showed that the
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Fig. 6. Effect of Ki67 LI on disease-free survival

e, ‘ in the Ki67 <3.5% (blue lines) and >3.5%

(red lines) subgroups of 398 patients with

| radiogenic PTCs aged up to 49 years with
available follow-up data. (A) The Kaplan-Meier
survival estimates (p=0.002, the logrank test),
vertical dashes indicate censored observations.
(B) Disease-free survival functions computed
using a proportional hazard model adjusted
for age at surgery and sex (HR=4.444 (1.334-
18.035), p=0.022).

15 2

increase in proliferative activity in the BRAFV60E-
positive tumors (Table 6; Fig. 7A, 7C, 8A, 8C,
8E; 9A, 9C) did not lead to statistically significant
changes in their structural, invasive and clinical
characteristics (similarly to the effects in patients
aged up to 29 years, see Table 2), except for a lower
probability of the dominant follicular growth pat-
tern (see Fig. 7C), and invasiveness score of «3»
(Fig. 8C).

In contrast, an increase of Ki67 LI in the
BRAFV®"E-negative PTCs (see Table 6, Figs. 7B,
7D; 8B, 8D, 8F; 9B, 9D) significantly contributed
to the behavior of radiogenic tumors (see Table 3,
Figs. 4, 5, 6), similarly to the changes in the whole
groups of young/middle age patients (see Table
1). Specifically, in the BRAFY®E-negative PTCs,
a higher Ki67 LI was associated with an increased
probability of detection of microcarcinomas (see
Fig. 7B), with a higher frequency of tumors with
the dominant papillary growth pattern and onco-
cytic changes (see Fig. 7 D), with a higher risk of
recurrence and the decreased frequency of excellent
response to RIT (see Fig. 8F), and with a lower dis-
ease-free survival of patients with radiogenic PTC
under the age of 49 years at the Ki67 LI cut-off of
3.7% (see Figs. 9B, 9D).

The results of our study demonstrate that Ki67
LI level, both in the radiogenic and sporadic PTCs
from young patients aged up to 29 years, was as-
sociated with a smaller tumor size, more frequent
papillary growth pattern, oncocytic changes in tu-
mor cells and the BRAF"E mutation, but did not
affect the probability of more frequent appearance
of invasive PTC features such as extrathyroidal
extension, lymph node metastases, multifocality,
and lymphatic/vascular invasion (see Tables 1, 3),
which is at variance with the literature data on spo-
radic PTCs in older patients [29-31].

Note that, as our previous studies showed [32-
34], radiogenic PTCs in young patients who were
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Table 6. Effect of Ki67 LI on clinicopathological characteristics in the BRAFY*-positive and BRAF'*®-negative radiogenic PTCs from patients aged

up to 49 years.
Parameters BRAFV¢°-positive, n=135 BRAFV¢%%t-negative, n=281
b, OR or HR (95%Cl)* p-value b, OR or HR (95%CI)* p-value

Tumor size, mm -0.014 (-0.224-0.196) 0.897 -0.078 (-0.195-0.039) 0.191
Dominant growth pattern 0.904 (0.792-1.031) 0.134 0.891 (0.822-0.965) 0.005
Oncocytic changes 1.042 (0.919-1.181) 0.52 1.180 (1.069-1.303) 0.001
Multifocality 0.873 (0.746-1.021) 0.089 0.996 (0.889-1.117) 0.948
Lymphatic/vascular invasion 0.917 (0.800-1.052) 0.217 0.973 (0.889-1.065) 0.552
Extrathyroidal extension (any) 0.939 (0.813-1.084) 0.387 0.955 (0.872-1.047) 0.326
N category (N1) 0.936 (0.817-1.072) 0.337 0.945 (0.864-1.035) 0.222

N1a 0.980 (0.833-1.152) 0.804 0.985 (0.874-1.109) 0.798

N1b 0.910 (0.753-1.100) 0.329 0.946 (0.854-1.048) 0.289
M category (M1) 1.093 (0.733-1.629) 0.662 0.936 (0.800-1.096) 0413
Invasiveness score 0.905 (0.809-1.013) 0.084 0.947 (0.878-1.021) 0.156
Total thyroidectomy 1.101 (0.752-1.614) 0.621 1.254 (1.004-1.566) 0.046
Lymph node dissection 1.000 (0.885-1.129) 0.997 1.010 (0.926-1.101) 0.825
RIT performed 1.128 (0.937-1.358) 0.203 1.085 (0.967-1.217) 0.166
RAI-R recurrence vs other 0.910 (0.634-1.306) 0.609 1.268 (0.968-1.660) 0.085
Excellent RIT response vs other 1.015 (0.836-1.234) 0.878 0.865 (0.762-0.981) 0.024
LN recurrence 0.970 (0.642-1.467)° 0.886 1.225(1.023-1.466)° 0.027
LN recurrence 0.948 (0.697-1.289)° 0.733 1.312(1.111-1.551)¢ 0.001

Note: a — djusted for age at operation and sex unless otherwise specified; * — Cox proportional hazard model adjusted for patient age, sex, thyroid surgery

volume and lymph node dissection; - non-adjusted Cox proportional hazard model.
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Note: Asterisks indicate statistical significance.
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Fig. 7. Association of Ki67 LI with (A, B) tumor
size and (C, D) histopathological features of
(A, C) 135 BRAFV600E-positive and (B, D) 281
BRAFV600E-negative radiogenic PTCs from
patients aged up to 49 years.

Note: Asterisks indicate statistical significance.

Fig. 8. Association of Ki67 LI with (A, B) histo-
pathological invasiveness, (C, D) invasiveness
score and (E, F) clinical parameters of the (A,
C, E) 135 BRAFV600E-positive and (B, D, F) 281
BRAFV600E-negative radiogenic PTCs from
patients aged up to 49 years.

Note: Asterisks indicate statistical significance.
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exposed to Chornobyl fallout in childhood differed
from sporadic tumors in terms of more aggressive
behavior, but as evidenced by the newly obtained
data, this was not associated with an increase in
Ki67 LI. Nevertheless, an increase in Ki67 LI in
radiogenic PTCs, in contrast to that in sporadic
ones, did affect the probability of disease recur-
rence (see Tables 1, 3), and, of importance, only
in the BRAFV®E-negative PTCs (see Tables 2, 4).
Note that the BRAFV6*F-negative PTCs display
a more aggressive behavior as compared with the
BRAFV6E-positive tumors in PTCs of either etiol-
ogy [9, 10].

It is also important to emphasize that in the ex-
panded group of patients with radiogenic PTCs
(aged up to 49 years at the time of surgery), the fre-
quency of BRAFYSE was nearly 3 times higher than
that in young patients (see Tables 1, 5). According
to our previous study, the BRAF"F mutation was a
risk factor for the RAI-R recurrent metastases [11].
Despite the BRAFVS°F—positivity strongly associ-
ates with elevated Ki67 LI, the current study shows
that the latter does not affect the risk of recurrence
nor it associates with the RAIR-R recurrent metas-
tases in the BRAFV6°E—positive PTCs (see Table 6,
Fig. 8E). As in the young subjects, the increased
Ki67 LI worsened prognostic indicators exclusive-
ly in the BRAFV®E-negative PTCs in the middle-
aged patients. With thisin mind, note that recurrent
BRAFV®E-negative PTCs which were described
in detail in our previous work [11, Supplementary

Follow-up time, years

Follow-up time, years

e ——
— s

]

\ Fig. 9. Effect of Ki67 LI on disease-free
survival in the Ki67 <3.7% (blue lines) and
>3.7% (red lines) subgroups of (A, B) 132
patients with the BRAFY*®t—positive and 266
BRAFY®t_negative radiogenic PTCs aged up
to 49 years with available follow-up data.
(A, Q) The Kaplan-Meier survival estimates

(p=0.429 for the BRAFV600E-positive PTCs

L 1 and p=0.005 for the BRAF"®"t—negative PTCs,

= L . the logrank test), vertical dashes indicate

L censored observations. (B, D) Disease-free

— survival functions computed using propor-
tional hazard models adjusted for age at
surgery and sex (HR=3.118 (0.473-61.234),
p=0.310 for the BRAF'® —positive PTCs and

HR=4.717 (1.040-25.640, p=0.049 for the

BRAFY®E_negative PTCs).

15 2

15 20

Table 2] demonstrated a significantly stronger as-
sociation with radiation exposure than the recur-
rent BRAFV®E-positive tumors in terms of higher
POC level and **'T thyroid dose. It therefore seems
appropriate, in order to optimize follow-up of pa-
tients who were exposed to Chornobyl radiation in
childhood and have BRAFY%"E-negative PTCs (es-
pecially of the papillary structure with oncocytic
changes), to recommend an additional THC study
with an antibody to Ki67 (MIB-1) which is avail-
able in most pathological laboratories of Ukraine.
This may provide additional information regarding
the chance of recurrence and its response to RAI
therapy.

Conclusions

Ki67 LI in radiogenic and sporadic PTC of
young patients aged up to 29 years was associated
with the dominant papillary growth pattern, onco-
cytic changes and a more frequent BRAFV®°F muta-
tion. Similar associations were found in radiogenic
PTCs from patients aged up to 49 years.

In radiogenic PTCs, in contrast to sporadic ones,
an increase in Ki67 LI was associated with a worse
postoperative prognosis, namely with an increase in
the chance of recurrence and of development of RAI-
R recurrent metastases; this again was observed ex-
clusively in the BRAFV6E-negative tumors.

The BRAFV®E-positive PTCs, regardless of
their etiology, were associated with a higher Ki67
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LI as compared to the BRAFV®E-negative tumors,
but the Ki67 LI increase did not affect the clinico-
histopathological characteristics of PTCs and the
disease prognosis.
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Brnnue nigsnwensa Ki67 nponihepatusHoro
IHABKCY Ha KNIHIKO-rICTONATONON I4HI NOKA3HUKN
PajlioreHHNX i CNopanyHNX NaninApHMX
TUPEOIAHNX KapLUWHOM 3aneHHo Big BRAF'E0CE
cTatycy

T.. BorganoBa'*t, JI.IO. 3ypHagxun'?t, B.O. CaeHko’t,
M.10. Bonros', C.B. Maciok?®, C.B. Bypko', T.Jl. lertapboBa’,
C.B. YepHuwos', C.B. lyneBatun’, M. Ito*, T.I. ParyHoBiu?
M.[. TpoHbKO'

'Y «IHCTUTYT eHAoKPUHONOrT Ta 0OMiHY peyoBuH iM. B.M. KomicapeHka
HAMH YkpaiHu»

’[HCTUTYT 3aXBOPIOBAHb, NOB'A3AHIIX i3 HaCiAKaMV BUOYXY aTOMHOT 60M6K,
yHiBepcuTeTy Haracaki (Anowis)

1Y «HauioHanbHWIA HayKOBUI LieHTP pagiauiiHoi MeanumHi, rematonorii
Ta oHKonorii HAMH YkpaiHu»

‘MepunyHuit LieHTp Haracaki (AnoHis)

+ Lli aBTOpy 3pobunnu piBHUI BHECOK Y Lilo poboTy

Pestome. Y naninapHux TupeoigHux KapumHomax (MTK) Ki67 nponidepa-
TMBHWA iHaeKC (1) Mae NPOrHOCTUYHE 3HAUYeHHA WOAO PO3BUTKY MeTa-
CTa3iB Ta iXHIX PeunavBiB, OAHAK HEACHO UM PO3MOBCIOMKYETHCA Lie Ha
NaLi€HTIB, ONPOMIHEHVX Y ANTUHCTBI. MeTa — BU3HAUMTV UM ICHYIOTb NeBHi
acouiauii mix Ki67 11 Ta KNiHiKo-riCTONaTONOrYHYMIM XapaKTePUCTKaMM
pagioreHHux i cnopagnurvx MMTK, BuaaneHnx y nauieHTis pisHOro Biky Ta uu
3anexatb Taki MoXnMBI acolliaui i BRAFYE cratycy nyxnauny. Matepian
i MeToau. AHani3 KNiHIKO- riCTONATONOMYHMX Ta iIMyHOTICTOXIMIUHKX AOCTI-
axeHb 552 [1TK (416 papioreHHVx i 136 CnopafnyHiix) 3 BUKOPUCTAHHAM
6aratodakTopHUX MOAENel NOriCTYHOI Ta NiHiHOT perpecii. PeynbTaTn. Y
pagioreHHux [TK nauieHTis Bikom A0 29 pokis niasuileHHa Ki67 Ml acouino-
BaHO 3i 30i/bLIEHHAM YACTOT JOMIHAHTHOI NaninAPHOI 6yA0BY (BIAHOWEHHS
waHcis (BLL)=1,208, p=>5,34E-04), BRAF™™ myTauii (BLLI=1,183, p=0,0007) Ta
OHKoUMTapHUX 3MiH (BLLU=1,120, p=0,044), a TakoX i3 pr3vKOM peLvavBiB
(koediuieHT punky (KP)=1,249, p=0,033). 36inbwenHa Ki67 11 8 BRAFYSWE-
NO3UTUBHMX MyX/IMHAX He MPY3BOAWAO A0 CYTTEBMX 3MiH MATONOMYHMX i
KniHiuHWX xapakTepncTuk MTK, ane 8 BRAFY™-HeraTusHMX nyxnnHax byno
aCoLiioBaHO 3 PU3MKOM PO3BUTKY PeLmMaMBHMX MeTacTasis (KP=1,227,
p=0,038), 30Kkpema ¥ pagiooapesncteHTHUx (BLU=1,551, p=0,037). Bnaus
Ki67 Il Ha noka3Hukm cnopaavyHux MTK nauieHTis Takoi x Bikosoi rpynvi bys
noAaibHVM 33 6inbLUICTIO 3MIHHKX, ane 6yB BIACYTHIM LLOAO PY3VKY PeLanBIB
AK Y Uinomy no rpyni, Tak i B BRAF'5-no3utneHmx um BRAFYE-HeraTngHmx
MTK. Y nauieHTis Bikom 0 49 pokis i3 pagioreHHoto [MTK edekT Ki67 (11 cnis-
NaAas i3 BU3HAYEHWUM Yy MONOALIMX NaLieHTiB. BUCHOBKM. Y papioreHHVx
MTK, Ha BiAMiHY Bif cnopaauuHyx, nigsuieHHa Ki67 Ml nos'asaHo 3 rip-
KM NICNA0NEePaLiiHAM NPOrHO30M, a came 3i 30iNbLIEHHAM MMOBIPHOCTI
PO3BUTKY PeLVaNBIB METaCTasiB, 30kpema 1M PafiovofpPEe3NCTEHTHNX, WO
acoLiioBaHo, y CBOIO Yepry, BUK/IoUHO 3 BRAFY™-HeratnsHiM cTaTycom
nyxauHn. Y BRAF®E-no3utisHmx MTK, HesanexHo Bi ixHboi eTionorii, nia-
BULLEHHA Ki67 1] He BNIMBANO Ha KAiHiko-ricTonatonoriyHi nokasHuki MTK
i NPOrHO3 3aXBOPIOBAHHA.

KntouoBi cnoea: naninapHa tmpeoiaHa KapLyHoma, YopHobuibCbKa aBa-
pia, Ki67 nponidepatneHuii iHaekc, BRAFYYE myTallis, iMyHoricToximiuHe
LNOCNIAXKEHHS.
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Abstract. Children are often subjected to psychological or physical violence, experience strong emotional distress. Early life stress
may lead to disorders of somato-sexual development, to delayed (in boys) or accelerated (in girls) puberty, delayed growth,
immune system disorders, alteration of mental health. The sexual performance of adult men who experienced chronic stress during
adolescence is not reflected in the scientific medical literature. Deferred effect of stress at adolescence on the androgen profile
and sexual behavior of laboratory male animals has been studied very poorly. There are no data on long-term oxidative effects
of stress experienced by human and animal adolescents in relation to the organs of the reproductive system. The aims of this
work were to explore the sexual behavior, testosterone levels in blood and lipid peroxidation (LPO) in the testes of adult male rats
in a distant period of time after chronic immobilization stress during puberty. White male rats were subjected to immobilization
in plastic tubes for 1 hour a day during postnatal days 30-45. The non-stressed animals were used as controls. Some rats were
decapitated at the age of 6 months, and the trunk blood samples were collected for hormone assay. Testosterone levels in blood
serum were determined by immunoassay. The testicles were isolated to determine the content of the LPO products. At 7 months
of age, the males were tested for the exhibition of male-type sexual behavior, and at 8 months for female-type sexual behavior after
orchiectomy and priming with estradiol and progesterone. In stressed at puberty adult rats, testosterone levels did not differ from
those of controls. Pubertal stress significantly reduced latency of the first and second mounts, that is increased the motivational
component of male sexual behavior without increasing the number of mounts and intromissions. Stressed rats did not exhibit
lordosis reaction in the presence of active male. As a result of stress in rats during puberty, the content of malonic dialdehyde and
diene conjugates increased in the testicles of adult animals, which indicates the presence of oxidative stress.

Keywords: stress, puberty, sexual behavior, male rats, testosterone, lipid peroxidation.

Interest of scientists in the problems of stress
and related diseases has never faded. The modern
way of life, especially in developed countries, cre-
ates enormous psychological, emotional and phys-

© A.G. Reznikov, A.A. Lymareva, O.V. Sachynska

ical burden on a person. When the war came to the
land of Ukraine, interest in stress and its health con-
sequences was renewed even more. And as in any
emergency situation, the most vulnerable segment
of the population turned out to be children. Today,
in many regions of Ukraine, they live under the
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howl of sirens and the roar of bombings; many are
forced to move with their families to a foreign envi-
ronment, including to other countries, where they
are forced to adapt to new living conditions. Ac-
cording to an online survey of internally displaced
school-aged children and adolescents in Ukraine in
connection with Russian aggression, a quarter of
the children experienced panic attacks, feelings of
fear, danger and defenselessness, about half experi-
enced anger, nightmares, etc. [1]. But even in peace-
time, children are often subjected to psychological
or physical violence, experience strong emotional
distress.

Early life stress may lead to disorders of soma-
tosexual development, to delayed (in boys) or accel-
erated (in girls) puberty, delayed growth, immune
system disorders, alteration of mental health, neu-
ropsychiatric disorders, efc. Frequent consequences
of chronic stress in adolescence are increased anxie-
ty and depression due to stress-induced imbalance of
hormones and neurotransmitters in the central nerv-
ous system, which is confirmed by clinical and experi-
mental studies [ 1, 2-4].

One of the negative long-term consequences of
chronic stress is disorders of the reproductive sys-
tem, as evidenced by numerous clinical observa-
tions and results of animal research [5]. Common
manifestations of post-traumatic stress disorders
in men are weakened libido, erectile dysfunction,
deterioration in sperm quality and its fertilizing
ability. Early life stress is one of the reasons for de-
creased fertility. In adolescent girls, stress is a com-
mon cause of infertility [6]. It may cause primary
hypothalamic amenorrhea because of stress-in-
duced suppression of the secretion of GnRH, LH,
FSH, and disorders of pulsatile secretion of gonad-
otropins [7], and accompanied by polycystic ova-
ries syndrome in almost 60% of patients [8]. There
are many reports of risky sexual behavior in young
men as a result of early stress associated with sexu-
al abuse. However, the sexual performance of adult
men who experienced chronic stress during adoles-
cence is not reflected in the scientific medical liter-
ature.

Maternal separation of newborn male and fe-
male rats from 2 to 11 days of life did not affect their
sexual behavior in adulthood [9]. Decreased sexual
motivation a few months after chronic stress dur-
ing puberty [10], and increased sexual activity [11]
as an immediate result of stress in male rats during
adolescence have been reported. Therefore, one of
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the objectives of this work was to study the sexual
behavior and testosterone levels in adult rats in a
distant period of time after chronic immobilization
stress during puberty.

In information databases, we have not found any
studies of long-term oxidative effects of stress expe-
rienced by human and animal adolescents in rela-
tion to the organs of the reproductive system. For
this reason, another aim of the study was to deter-
mine the content of LPO products in the testes of
adult rats exposed to immobilization stress during
the pubertal period of individual development.

Material and metods

Ethical approval. The experiments were carried
out in accordance to European Convention for the
Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes (Strasbourg,
March 18, 1986), and Recommendations of the
First National Congress on Bioethics Issues (Kyiv,
Ukraine, September 20, 2001). The experimental
design and procedures were approved by the Bio-
ethics Commission of the Institute (the Protocol
No 43-KE from June 06, 2022).

Design of the study. White female rats of the
local Institute vivarium breeding with a regular 4-5
estrous cycle were recruited for fertilization. The
animals were housed and treated under standard
conditions. They were placed in the cages one by
one together with sexually active male, and the day
of appearance of spermatozoa in the vaginal smear
was considered the first day of conception. Exper-
imental and control male offspring groups were
formed by randomization and allowed to be kept in
the institutional vivarium until 6-8 months of age.

During postnatal days 30-45, the male offsprings
were undergone to everyday strict restriction in
plastic tubes for 1 hour a day. Taking into account
the daily rhythm of fluctuations in the level of cor-
ticosterone in the blood, stress was carried out in
the interval of 9-12 am. The non-stressed animals
were used as controls.

Some males were decapitated at the age of
6 months and the testes were isolated to determine
the content of the LPO products.

At 7 months of age, the males were tested for
the exhibition of male-type sexual behavior, and at
8 months for female-type sexual behavior.

Hormone assay. After prompt decapitation,
the trunk blood samples were collected, and blood
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serum was obtained by centrifugation and kept at
-20 °C prior be analyzed for testosterone levels.
Hormone immunoassays were carried out with Tes-
tosterone ELISA kit (LDN, Germany) followed by
measuring at the immunoenzymatic Stat Fax ana-
lyzer (USA).

Male-type sexual behavior. To test male-type
sexual behavior using the traditional method [12,
13], 6 animals delivered by different mothers were
included into each animal group. The males were
kept in the darkness for 4 hours, then they were
moved to an empty cage for a 5-minute adaptation.
One week before testing, the partner female was
ovariectomized and injected intramuscularly with
0.1 mg estradiol diacetate (Sigma, USA) 48 hours
before the test. 0.5 mg progesterone oil solution
(Biopharma, Ukraine) was introduced 4 hours pri-
or to the test. Then the female was placed in the
cage under dim red light with the male. Over the
course of 15 min, the following indices of copulative
behavior were recorded: duration of latent periods
of the first mount, and the first and second intromis-
sions, the first ejaculation, post-ejaculatory refrac-
tory period, the numbers of ejaculations, mounts
without intromission, and the total number of in-
tromissions. Male-type behavior was tested twice
at one-week interval taking into account that after
the first test they gained some sexual experience.

Female-type sexual behavior. Because of fe-
male-type sexual behavior (in particular, lordotic
reactions) depends of the sensitivity of the neu-
roendocrine behavior centers to estrogens, it was
tested in previously castrated males, which were
administered steroids at a way similarly to that of
females. The males were introduced to sexually ex-
perienced males that were kept in the test cage un-
der red dim light for at least 5 min. Testing lasted 10
min or up to 10 mounts of an active male. The num-
ber of lordotic reactions to approaches or mounts of
the normal male was recorded, and lordosis index
was calculated as percentage of the number of lor-
dosis reactions referred to the total number of ap-
proaches and mounts of an active male.

Determination of LPO products. The contents
of LPO products, diene conjugates (DC) [14] and
malonic dialdehyde (MDA) [15] were determined
in tissue homogenates of testicles and calculated
per mg of protein, the content of which was meas-
ured by the Lowry method.

Statistical analysis. The results were averaged
and compared with those of appropriate controls.
They were presented as mean (M=£m) and processed
with Excel computer program by one-way analysis
of independent experiments using the ¢-Student’s
criterion in a case of normal distribution of variants
which was tested according to the Shapiro-Wilk
criterion. In the absence of a normal statistical dis-
tribution, the Wilcoxon-Mann-Whitney non-para-
metric U criterion was used. The difference was set
as significant at p<0.05.

Results

Hormone levels. At the end of the experiment,
testosterone levels in blood serum of stressed at pu-
berty 6-month-old rats (n=5) did not differ from
those of controls (n=7): (4.89+£0.77 ng/mL uvs.
4.35+0.58 ng/mL correspondingly, p>0.05).

Male-type sexual behavior. Male-type behav-
ior was tested twice at one-week interval taking
into account that after the first test they usually
gain some sexual experience.

Temporal and quantitative characteristics of
sexual behavior by male type were analyzed sepa-
rately for each of the two tests, because for some
parameters the presence of statistically significant
difference between the results of the first and sec-
ond tests was noted, which is associated with the
acquisition of sexual experience and the formation
of stereotypical behavioral reactions.

The results of the study of sexual behavior by
male type in 7-month-old male rats are shown in
Table 1. The distribution of quantitative parame-
ters in the control and experimental groups was
non-parametric, so they are presented as medians
and the scope values in the groups.

Analysis of the data obtained shows a significant
reduction in the time to the first mounting and a
noticeable tendency to reduce the latent period of
the first and second intromissions in the first test-
ing. In the second testing, the latent period of the
second intromission was significantly reduced.

Female-type sexual behavior. When testing
female sexual behavior, no lordosis reactions were
detected in males of both groups. In the group of
stressed males, homosexual behavior was detected
in one male, i.e. matings were noted on a normally
active male (Table 2).
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Table 1. Male sexual behavior parameters of 7-month-old pubertal-stressed male rats and control animals

Feature First test Second test

Control Stressed Control Stressed

Latency period, sec
first mount 74 (8-279) 8.5(2-15)* 2 (1-355)* 1(1-3)*
first intromission 89 (28-519) 27 (9-548) 10 (2-464)* 9(3-10)*
second intromission 161 (45-611) 37 (11-675) 29 (4-576) 13 (7-22) *+
first ejaculation - - - 550
postejaculatory refractory period - - - 881
Number

mounts without intromission 4.5 (4-9) 3,5(1-6) 3(2-6) 3(1-5)
mounts with intromission 8(2-17) 22(2-22) 12 (4-26) 16 (14-21)
ejaculations 0 0 0 1

Notes: 6 rats in each group. The test lasted 15 min. The data are presented as medians and minimum, and maximum values (in the brackets). Statistical analysis by
Wilcoxon-Mann-Whitney U criterion. * — p<0.05 compared to controls; *— p<0.05 compared to the first test.

Table 2. Parameters of female sexual behavior of 8-month-old puber-
tal-stressed male rats

Parameter Intact Stressed
males males
(control)
Number of lordosis 0 0
Lordosis index 0 0
Number of mounts of a receptive 0 10
male on active male
Number of males with:
- receptive female behavior 0/6 0/6
- homosexual behavior 0/6 1/6
- bisexual behavior 0/6 0/6

Note: 6 rats in each group. The duration of the test was 10 minutes.

LPO products in testes

The results of measuring the content of LPO
products in the testicles of normal and stressed at
puberty rats are shown in Table 3. The obtained
data indicate the intensification of LPO in the tes-
ticles, which is a sign of oxidative stress.

Table 3. The content of LPO products in the testes of 6-month-old rats
(nmol/mg protein)

Animal group MDA DC
Controls (n=8) 2.40+0.04 0.73+0.01
Stressed (n=6) 3.68+0.10% 1.27+0.04*

Note: * - p<0.05 compared to controls.
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Discussion

Immobilization of early pubertal rats for two
weeks is an experimental model of chronic stress,
because, unlike adults, adolescents did not demon-
strate habituation to chronic stress and responded
more strongly to repeated stress [16].

It is known that male sexual behavior consists
of two main components — motivational (i.e., het-
erosexual orientation and sexual desire) and cop-
ulatory one. In studies of male rat sexual behav-
ior, the motivational component is quantitatively
characterized by the length of time from the mat-
ing of a receptive female to the first mounting, i.e.,
the corresponding latent period. In this work, the
study of sexual behavior revealed a reliable dramat-
ic reduction of the latent periods of the first mount:
the median value in adult stressed males in the first
testing decreased by 8.7 times in comparison with
the control group of intact males. The latent time
indicators of the first and second intromission in
the first testing had a clear tendency to decrease. In
the second testing, the latent period of the second
intromission was more than halved.

There is a report on a weakening of sexual mo-
tivation in 3-month-old males who experienced
stress from 25 to 50" postnatal day [10]. Contrary,
the data obtained in our study definitely indicate a
significant increase in sexual motivation against the
background of a normal level of testosterone in the
blood of adult animals five and a half months after
prolonged stress during puberty.
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Perhaps this difference is explained not so much
by more duration of stress as by a different method of
stressing: the rats were kept in social isolation, one by
one in the cage, which caused psychoemotional stress.

In another study [3], immobilization of male rats
for 6 hours daily for 15 or 60 days, starting from
the 40 day of life, led to a prolongation of the la-
tent period of the first mating, however, the authors
concluded that stress had a stimulating effect on
copulatory sexual behavior, because the frequen-
cy of intromissions increased by 2.5 times. In the
meantime, they tested sexual behavior at the end
of stressing period, that does not allow to compare
their results with our data.

Thus, on the basis of findings of this work, it is
possible to draw a conclusion about a certain stim-
ulating effect of a prolonged state of immobilization
stress during puberty on the male sexual behavior
of adult male rats. This effect did not depend on the
testosterone blood levels, therefore it was associat-
ed with modulation of neuroendocrine control of
sexual behavior.

As mentioned above, in our study testosterone
levels remained normal in the experimental males.
Interestingly, other investigators have found out an
increase in testosterone level in male rats exposed
to pubertal stress by everyday 6 hours immobiliza-
tion since 40" to 55" days [17] or a decrease when
stressing was prolonged up to 100" day of life [18].
However, hormone assay has been done immediate-
ly after end of stressing. Possibly, experiment tim-
ing has a crucial role in those controversial results.

The results of testing female sexual behavior in
stressed males, castrated and treated with sex hor-
mones, indicate the preservation of refractoriness
to the stimulating effect of estrogens on the hypo-
thalamic secretion of LH-releasing hormone, which
is characteristic of the female sex. Therefore, andro-
gen-dependent sexual differentiation of the brain re-
mains normal, which is consistent with modern ideas
about the critical period of this process in the peri-
natal period of individual development of rats [19].

All types of stress are accompanied by a viola-
tion of pro-antioxidant status, which is an impor-
tant factor in the pathogenesis of stress-induced
disorders, including reproductive disorders [20,
21]. On the other hand, oxidative stress may be one
of the long-term negative consequences of chronic
stress. Unfortunately, the few retrospective stud-
ies of this problem in humans leave the exact age
at which they were exposed to early life stress un-

known [22-24]. For the first time, it was found that
chronic pubertal stress causes a state of oxidative
stress in the testes in adult rats, which is confirmed
by a 50% increase in the content of malonic dialde-
hyde and diene conjugates in them.

There are reports on delay of testicular matura-
tion and decreased spermatogenic and androgenic
testicular functions in adult rats submitted to im-
mobilization-induced stress from prepuberty [11,
17,18]. Itis likely that the damaging eftect of oxida-
tive stress may cause disturbances in the generative
and steroid-synthesizing function of the testicles.

Conclusions

1. Chronic pubertal stress increased the motiva-
tional component of male sexual behavior in
adult male rats without increasing the number
of mounts and intromissions.

2. Pubertal immobilization stress does not cause
feminization of the sexual behavior in adult
males.

3. Asaresult of stress in rats during puberty, the
content of LPO products increases in the testi-
cles of adult animals, which indicates the pres-
ence of oxidative stress.
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MogynAauia cTaTesoi NOBeAIHKMN | NOKA3HNKI OKCUAATIB-
HOro CTpecy B CiM'AHNKAX [OPOCANX LLYPIB AK HACMIAO0K
XPOHiYHOro cTpecy B nybepraTHomy BiLi

O.I. Pe3nikos, A.A. JlumapeBa, O.B. CaunHcbKa
LY «IHCTUTYT eHpoKpuHonorii Ta 0bmiHy peyoBuH iM. B.I1. KomicapeHka
HAMH YkpaiHu»

Pestome. []iTv1 uacTo NigaaoTbCA NCUXONOMYHOMY U Qi3UUHOMY HaCKb-
CTBY, BiA4YyBalOTb CMbHI EMOLIMHI nepexvBaHHA. CTpec y paHHbOMY BiLli
MOXe NPU3BECTV 10 NOPYLIEHb COMATO-CTaTeEBOrO PO3BUTKY, 1O 3aTPVM-
Ki (y xnonuukis) abo NprcKopeHoro (y AiBYaTOK) CTaTeBOroO A03PiBaHHA,
3aTPUMKM POCTY, PO3NALIB IMYHHOT CUCTEMM, 3MIHW NCHXIYHOTO 3[0POB'A.
(TaTeBa aKTMBHICTb JOPOC/IMX YOMOBIKIB, AKI MePeXnin XpoHIYHWA CTpec
y NiANITKOBOMY BILli, He BifoOpaXkeHa B HayKOBIll MeaMuHil nitepatypi. Bia-
TEePMIHOBaHW BNUB NyOEpPTaTHOrO CTPECY Ha aHAPOreHHW NPodinb i
CTaTeBy NOBefiHKY CamLiB NabopaTopHUX TBAPMH BKPalt Clabo focnixe-
Hi. Hemae paHyx Woao OKCUaaHTHYX edeKTiB TPMBANOro BMMBY CTPeCy,
AKUI BIfUYBAIOTb NIANITKM JIOAWHN | TBAPWH, Ha OpraHu PenpoayKTUBHOT
cuctemu. Lini uiei poboTv nonaranu B fOCNImKeHHI CekcyanbHOi nosefiH-
KW, DiBHA TECTOCTEPOHY B KPOBI Ta NepeknCHOro okuncneHHa niniais (MOJ)
y CTATeBMX 3a/103aX AOPOCMX CaMLiB LLypIiB Y BiAAANEHUA NEPIOA Yacy
nicnA XPOHIYHOTO IMMOBINI3aLiAHOrO CTPecy Mif Yac CTaTeBoro A03pi-
BaHH#. binux camuis wiypis nigaasany iMmoObinisauii B 1NacTMKOBKX Tybax
npotarom 1 rog Ha 406y 3 30 No 45 AeHb NOCTHATaNbHOrO XMTTA. TBAPUHM
6e3 cTpecy bynu BUKOPUCTaHi AK KOHTPOSb. [leski Ly pyv bynu Aekanitosa-
Hi y BiLli 6 MiCALIB, @ 3pa3Kw KPOBI bynu 3ibpaHi 1A roPMOHANBHOTO aHani-
3y. PiBeHb TECTOCTEPOHY B CYPOBATL| KPOBI BU3HAUaIM iMyHODEPMEHTHIM
MEeTOAOM. A€UKka BUAINANN ANA BU3HauYeHHaA BMicTy npoaykTis MOJT. Y Bii
7 MiCALIB CamLiB NepeBipAnn Ha CctaTesy NMoBeAIHKY YOMOBIYOro THMy, a y
8 micAuiB — cTaTeBy NOBEAIHKY XIHOYOro TUMY MICNA OpXieKToMii Ta no-
nepeaHboi 06pobKK ecTpafionom i nporecTepoHoM. Y AOPOCANX LypiB,
MiAAaHMX CTPeCy nif Yac CTaTeBOro J03PiBaHHH, PiBEHb TECTOCTEPOHY He
BIAPI3HABCA Bifl TAKOTO B KOHTPOMbHWX TBapUH. [lybepTaTHuMiA CTpec fo-
CTOBIPHO 3MeHLLYBaB SATEHTHICTb NepPLIOi Ta APYroi CafioK, TOBTo NocKio-
BaB MOTMBAL|iMHIIA KOMMOHEHT CTaTeBO! NOBEAIHKM CaMLIiB 6e3 30inblleH-
HA KiNbKOCTI CafoK i iHTpOMICi. CTpecoBaHi Wypw He BUABNANM peakuii
NOPAO3Y B NPUCYTHOCTI aKTUBHOTO Camud. Y pe3ysbTaTi CTpecy B nepiof
CTaTeBOro A03PIiBaHHA B CiM'AHMKAaX [OPOCAMX TBAPUH NiABULLYBABCA
BMICT ManoHOBOTO AiafibAeriay Ta JIEHOBUX KOH'IOraTiB, WO CBIAUNTL Npo
HAABHICTb OKMCHOTO CTPecy.

KniouoBi cnoBa: ctpec, nybeptauis, cTaTeBa NoBefiHKa, camui LWypis,
TEeCTOCTEPOH, NMepeKnCHe OKUCIIIOBaHHA Niniais.
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Two unusual epithelial cell — <ienene:
phenotypes allow to detect
papillary carcinoma

In fine-needle aspirates

of the thyroid
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“Bogomoletz Institute of Physiology of the National Academy of Sciences of Ukraine.

Abstract. Fine needle aspiration (FNA) biopsy is the most commonly used method for diagnosing papillary thyroid carcinoma (PTC)
and other thyroid lesions. However, cytomorphologic markers of PTC currently used in diagnostic FNA cytology are insufficiently
specific. They are observed in both malignant and benign lesions, expressed by cells of not every PTC subtype and by a varying
fraction of the tumor cell population. The aim was to examine new morphological markers of PTC applicable in FNA smears of
a thyroid gland material. Material and methods. The study material included FNA smears of nodular goiter (n=620), follicular
thyroid adenoma (n=332), Hashimoto’s thyroiditis (n=54), oncocytic cell lesions (n=50), follicular thyroid carcinoma (n=22),
medullary thyroid carcinoma (n=42), and PTC (n=280). FNA smears from patients of both sexes (1164 women and 236 men) aged
from 17 to 87 years were examined. To analyze them cytochemistry, immunocytochemistry and computer morphometry were
applied. Results. Two unusual epithelial cell phenotypes were identified in FNA smears of PTC but never in smears of benign and
non-PTC malignant lesions of the thyroid. Cytokeratin (CK) immunocytochemistry indicated the epithelial origin of these enlarged
and pleomorphic cells. Key features of the first cell phenotype included a clear cytoplasm, sharply-delineated cell borders strongly
refracting light, low or negative reaction for thyroglobulin, and epCAM-negativity. Cells of the second phenotype possessed a
RNA-containing macula, displayed thyroglobulin-positivity and specific pattern of epCAM expression. The question whether cells
of the two identified phenotypes are related cell forms is open to discussion. Conclusions. The cells revealed are observed only in
PTC and, thus, can be used as highly specific morphological markers having a potential to improve the reliability of PTC detection
in Giemsa-stained conventional FNA smears of the thyroid. The unusual morphology of these cells permits their easy identification
without time-consuming immunocytochemistry.

Keywords: diagnostic cytology, fine-needle aspiration, papillary thyroid carcinoma.
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Papillary thyroid carcinoma (PTC) is the most
common subtype of thyroid cancer and FNA is a
first-line procedure to detect PTC along with other
thyroid lesions [1-3]. In FNA cytology, the diag-
nostic criteria for PTC deal primarily with nucle-
ar features and include an enlarged size, irregular
shape, powdery chromatin, nuclear grooves, and
intranuclear pseudoinclusions [4, 5]. Features like
a papillary cell pattern, squamoid cytoplasm, psam-
moma bodies, and others are thought to be less di-
agnostically important [2, 4].

PTC diagnostic markers currently used in FNA
smears are not absolute being observed both in ma-
lignant and benign lesions, expressed not in every
PTC of a particular subtype and by a varying frac-
tion of tumor cell population. Reflecting mostly
the level of genomic instability, these markers are
believed to be less indicative for malignancy than
such histopathologic features as vascular or capsule
invasions.

Generally, cancer development may be viewed
as a process driven by essentially blind somatic-cell
mutations [6]. The resulting traits of cancer cells
reflect the impact of subsequent clonal selection
[7]. Some of these traits directly relate to inva-
sive/metastatic properties while others lack such
relation. However, even features from the latter
category may be diagnostically useful if they are
reproducibly displayed by cancer cells and easy to
identify.

The aim of this study was to search for new
morphological markers of PTC applicable in FNA
smears of the thyroid.

Material and methods

The study population included FNA smears
collected for patients from Ukraine who were ex-
amined, diagnosed with a tumor and underwent
thyroid surgery in the State Institution <«V.P.
Komisarenko Institute of Endocrinology and Me-
tabolism of the NAMS of Ukraine» between 2005
and 2021. A total of 1400 FNA specimens were se-
lected for this retrospective study. These included:
nodular goiter (n=620), follicular thyroid adenoma
(n=332), Hashimoto’s thyroiditis (n=54), onco-
cytic cell lesions (n=50), follicular thyroid carcino-
ma (n=22), medullary thyroid carcinoma (n=42),
and PTC (n=280). The patients were of both sexes
(1164 women and 236 men) with their age ranging
from 17 to 87 years. All reviewed cases had a histo-

pathologic diagnosis. Postoperative study of paraf-
fin sections stained with hematoxylin and eosin was
performed in the Laboratory of Morphology of the
Endocrine System, State Institution «V.P. Komisa-
renko Institute of Endocrinology and Metabolism
of the NAMS of Ukraines. The histopathologic di-
agnosis was made according to the WHO classifica-
tion of tumors [8].

FNA of the thyroid was performed under ultra-
sound guidance using a 21-gauge needle, usually
without a syringe or suction. Dried FNA smears
were fixed for 5 minutes in methanol followed by
staining in Giemsa dye diluted in 0.067M phos-
phate buffer (pH 6.4) for 30 minutes. Before iden-
tifying polysaccharides with periodic acid Schift
reaction, smears were destained using 5% acetic
acid. To analyze the chemical composition of in-
tracellular maculae, FNA smears were destained
using 5% acetic acid, treated with RNAse (Sigma,
1 mg/10 mL, 1 hour at 37 °C), and restained by Gi-
emsa dye. Immunocytochemistry was performed
in representative Giemsa-stained smears. Antigens
were unmasked as described previously [9]. Endog-
enous peroxidase was inactivated by incubation
in 1% H,0, in phosphate buffer (pH 7.4) at room
temperature for 30 minutes. To identify certain
antigens we applied indirect immunoperoxidase
technique using primary monoclonal mouse anti-
bodies against leukocyte-common antigen (CD45)
(dilution 1:50, clone PD7/26 and 2B11, Dako,
Denmark), macrophage antigen (CD68) (dilution
1:50, clone EBM11, Dako, Denmark), thyroglobu-
lin (dilution 1:100, clone DAK-Tg6, Dako, Den-
mark), epithelial cell adhesion molecule (epCAM)
(dilution 1:100, clone Ber-Ep4, Dako, Denmark) as
well as against a number of CKs, namely CK7 (di-
lution 1:50, clone OV-TL 12/30, Dako, Denmark),
CKS8 (dilution 1:100; clone M20, Sigma, USA) and
CK20 (dilution 1:50, clone KS20.8, DBS, USA).
Polyclonal rabbit antibodies were used to detect
calcitonin (dilution 1:100, DBS, USA).

Polyclonal rabbit anti-mouse and goat anti-
rabbit antibodies conjugated to horseradish peroxi-
dase (in both cases dilution 1:100, Dako, Denmark)
were applied as enzyme-labeled secondary anti-
bodies. 3,30-diaminobenzidine tetrahydrochloride
(Sigma, USA) was used as a chromogen.

Digital images of cells were captured at resolu-
tion of 2048x1536 pixels using an Olympus CX41
microscope (Olympus Corporation, Japan) fit-
ted with a DP12 camera (Olympus Corporation,
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Japan) and UplanFI x40/0.75 objective. Images
of cells of interest were captured before and after
cytochemistry or immunocytochemistry, using re-
corded coordinates to relocate these cells.

The area of a cell profile was selected as a measure
of cell size, while the area of a nuclear profile was
chosen to characterize the size of a nucleus. Mea-
surements were made in digital images using Image
J (v.1.54g, National Institutes of Health, USA). In
total, 200 cells were analyzed per group. Values are
shown as M+£SE of the mean. The non-parametric
two-tailed Kolmogorov-Smirnov test was used to
assess the differences between samples. P<0.01 was
considered statistically significant.

The study was performed in accordance with
the standards of the bioethical committee of TEM
(permit dated April 1, 2021, Ne35/5-KE), of the
main provisions of the «Convention on the Pro-
tection of Human Rights and Dignity in the Ap-
plication of Biology and Medicine: Convention on
Human Rights and Biomedicine», adopted by the
Council of Europe on April 4, 1997 of Good Clini-
cal Practice (GCP) from 1996, the Declaration of
Helsinki of the World Medical Association «Ethi-
cal Principles of Medical Research with Human
Subjects», adopted in June 1964 and revised during
1975-2008 and the Order of the Ministry of Health
of Ukraine «On the approval of the Procedure for
conducting clinical trials of medicinal products
and examination of clinical trial materials and the
Standard Regulations on the Commission on Eth-
ics» dated February 13, 2006 Ne66 with changes in
2006-2008.

Results and discussion

The study of FNA smears of PTC revealed fol-
licular cells arranged in tissue fragments and sin-
gly, blood cells, macrophages (histiocytes) as well
as more rare fibroblasts and endothelial cells. Some
smears contained enlarged, mildly basophilic, pre-
sumably epithelial cells. A noticeable fraction of the
latter displayed either of two distinct, partly over-
lapping phenotypes.

Cells of the first phenotype had a rounded shape
and sharply delineated cell borders strongly refract-
ing light (Figure 1a). For this reason, we named
them ‘refractive surface cells’ (RSCs). In Giemsa-
stained smears, their cytoplasm was mildly baso-
philic centrally and colorless at the periphery. Due
to this, RSCs appeared lighter-colored with respect
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to other cells. They were arranged as isolated single
cells, cells integrated into monolayers of an irregu-
lar cell pattern, or isolated cell aggregates.

Fig. 1. 'Refractive surface cells’ (arrows) (a; x1000) and ‘macula cells’
(arrows) (b; x1000) in FNA smears of PTC.

RSCs were more than double the size of oth-
er PTC epithelial cells, ie., 626.2+21.7 um? vs
258.9+5.6 pm? (p<0.01) (Figure 2a). RSCs had
rounded, pear-shaped or pleomorphic nuclei with
a powdery chromatin and occasional intranuclear
pseudoinclusions. The latter were revealed in 100%
(25/25) of PTC lesions containing RSCs. RSCs’
nuclear size equaled 168.2+4.1 pm? being signifi-
cantly larger than that of other PTC epithelial
cells — 101.9+1.4 pm? (p<0.01). Sometimes, micro-
nuclei were observed. The cytoplasm of RSCs had
no metachromatically stained vacuoli typical of ac-
tive follicular cells but sometimes contained a mac-
ula, the characteristic feature of another cell pheno-
type (detailed below). RSCs’ cytoplasm showed no
oxyphilia typical of oncocytic cells.
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Fig. 2. Dot plots illustrating distributions of cell area and nuclear area values for ‘refractive surface cells’ (empty circles) (a), ‘macula cells’ (empty
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Fig. 3. ‘Refractive surface cells'in FNA smears of PTC (a-d; x 1000). CK7-positivity provides the evidence of the epithelial origin of these cells (c). In
striking contrast to other PTC epithelial cells they are epCAM-negative (arrow) (d).

RSCs occasionally developed lobopodia-like struc-
tures and mimicked macrophages but were CD45- and
CD68-negative. Besides, similar to ordinary follicular
cells, RSCs were CK7-positive (Figure 3a, 3¢), CK8-
positive and CK20-negative. Surprisingly, these cells
were negative for epCAM (Figure 3b, 3d).

In addition, RSCs were calcitonin-negative and
showed poor or no reaction with anti-thyroglobulin

antibodies (Figure 4a, 4c). RSCs and other PTC
epithelial cells were similar in their periodic acid

Schift positivity (Figure 4b, 4d).

Pleomorphic cells of another phenotype ob-
served in FNA smears of PTC featured intracellular
maculae (macula cells) (Figure 1b). This structure,
mostly rounded and 4.5-18.0 um in diameter, was lo-
cated centrally, sometimes deforming the shape of a
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Fig. 4. 'Refractive surface cells'in FNA smears of PTC (a-d; x1000). Their cytoplasm is thyroglobulin-negative (arrow) (c) and periodic acid Schiff

reaction shows no excessive accumulation of polysaccharides (d).

nucleus. Having fuzzy boundaries it was composed
of a non-uniform, fine granular basophilic material
stained blue by Giemsa dye. Macula cells (MCs)
were arranged singly or in clusters, being either iso-
lated or attached to epithelial sheets. MCs were more
that double the size of other PTC epithelial cells, i.e.,
773.1+25.0 um? (p<0.01) (Figure 2b).

The cytoplasm of MCs was mildly basophilic,
containing occasional inclusions and small vacu-
oli. In nuclear shape and chromatin structure MCs
were similar to other PTC epithelial cells, and some
of the former contained intranuclear pseudoinclu-
sions. The latter were found in 67.4% (29/43) of
MCs-containing PTC. MCs’ nuclear size equaled
156.4%+3.7 um? being statistically larger than that
of other PTC epithelial cells (p<0.01). Binucleate
MCs were observed sporadically and some of these
cells contained micronuclei.

Despite resembling macrophages visually (Fig-
ure 5 a-d), MCs were CD45- and CD68-negative.
But similar to RSCs, they displayed positivity for
CK7 and CK8 (Figure 5¢) as well as CK20-nega-
tivity. The positive reaction for CK7 and CK8 was
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often more intensive in the macular region. Ep-
CAM was expressed by MCs in a very specific way.
Normally, this molecule is found on the cell surface
and in the cytoplasm of epithelial cells but MCs ex-
press epCAM only in laminar structures sometimes
observed between contacting surfaces of these cells
(Figure 5d).

MCs were calcitonin-negative and thyroglob-
ulin-positive (Figure 6a, 6¢), the latter reaction
being poor or absent in the macular region. RNAse
digestion demonstrated that its basophilia was
RNA-related (Figure 6b, 6d). Occasional mitoses
seen in MCs showed they are not degenerative cel-
lular forms.

We found RSCs in 28.2% (79/280) of PTC
cases analyzed. In RSCs-containing lesions their
share was up to 1.0% of all PTC epithelial cells,
though in one case it was as high as 38%. In con-
trast, MCs were observed more frequently, i.e., in
48.9% (137/280) of analyzed PTC cases. In MCs-
containing tumors MCs usually made up to 1% of
epithelial cells on a FNA smear totaling up to 30.0%
in some cases. We never found RSCs and/or MCs
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Fig. 5. 'Macula cells"in FNA smears of PTC (a-d). CK8-positivity indicates the epithelial origin of these cells (arrow) (c; X1000). In contrast to other
PTC epithelial cells (b; x700), they demonstrate a peculiar pattern of epCAM positivity (arrows) (d; x1000).

Fig. 6. "Macula cells'in FNA smears of PTC (a-d; x1000). Their cytoplasm is moderately thyroglobulin-positive (c). RNAse digestion shows that the
macula contains RNA (arrow) (b — before, d — after the digestion). VERTE }
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in FNA smears of nodular goiter (0/620), follicular
thyroid adenoma (0/332), Hashimoto’s thyroiditis
(0/54), oncocytic cell lesion (0/50), follicular thy-
roid carcinoma (0/22) or medullary thyroid carci-
noma (0/42).

Enlarged pleomorphic cells of both phenotypes
express CK7 and CKS8 presuming their epithelial
origin. They are also negative for CK20 and calci-
tonin. Cells of the first phenotype, i.e., RSCs, are
epCAM-negative producing little or no thyro-
globulin. The latter feature may be explained by
earlier evidence of downregulated and patchy thy-
roglobulin expression in PTC [10, 11]. RSCs lack
features either of oncocytic cells, i.e., large nucleo-
lus and oxyphilic cytoplasm, or parafollicular cells,
i.e., calcitonin-positivity. Thus, combined features
of RSCs as well as their occasional integration into
epithelial sheets indicate their epithelial and, most
likely, follicular cell origin.

It remains to be investigated why the cytoplasm
of RSCs turns ‘clear’. Possible explanations include
the accumulation of mitochondria-derived vesicles,
mucin-depositing vacuoles, glycogen, thyroglobu-
lin, or lipids reported earlier for PTC cells [12, 13].
However, the thyroglobulin-negativity, usual levels
of periodic acid Schiff positivity and rare vacuoli or
lipid inclusions observed in the cytoplasm of RSCs
allow to exclude from consideration at least some
factors mentioned above.

An intracellular macula is the most distinctive
feature of another group of enlarged pleomorphic
cells found in FNA smears of PTC, i.e., MCs. As
evidenced by their immunophenotype, except ep-
CAM expression, MCs are of follicular cell origin.
The question whether RSCs and MCs are related
cell forms is open to discussion.

It was found that RSCs and MCs could mimic
macrophages. Atypical macrophage-like so-called
‘histiocytoid’ cells were described earlier in PTC
[14]. A detailed comparison between RSCs and
MCs, on the one hand, and ‘histiocytoid’ cells, on
the other, may prove difficult because the immuno-
phenotype of the latter is poorly studied. Though,
a number of morphologic features, namely light-re-
fracting cell borders of RSCs, basophilic macula of
MCs, and small numbers of vacuoli typical of both
RSCs and MCs make them different from ‘histio-
cytoid’ cells.

The sensitivity of RSCs and MCs as PTC mark-
ers was earlier found to be 28.4% and 48.9%, respec-
tively [15]. It is lower than that of Hector Battifora
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mesothelial antigen-1 [16-19], CK19 [17-19] and
galectin-3 [17, 19, 20]. However, being inferior to
other PTC markers in sensitivity, RSCs and MCs
are superior in specificity. Notwithstanding the fact
that intranuclear pseudoinclusions occur in 80-85%
of PTC cases, they are unspecific being occasionally
observed in papillary hyperplasia, Hashimoto’s thy-
roiditis, hyalinizing trabecular tumor and oncocytic
cell neoplasm [2, 20]. A meta-analysis demonstrated
that Hector Battifora mesothelial antigen-1, CK19
and galectin-3 are 73-83% specific in the detection of
PTC [20]. All this is in sharp contrast to 100% speci-
ficity shown either by RSCs or MCs.

Earlier, we found that fragments of transformed
follicular epithelium observed in FNA smears of
PTC display two distinct cell patterns never seen
within the same epithelial cell sheet [9]. The first
pattern, a regular one, is formed by evenly spaced
cells and can be found frequently. The second, ir-
regular cell pattern has the appearance of cohesive
cell clusters formed by highly pleomorphic cells
and can be seen occasionally. Our findings suggest
that RSCs and MCs are, at least in part, responsible
for the specific appearance of the second pattern.

This study was performed using air-dried, con-
ventional Giemsa stained smears. In many aspects
they are different from liquid-based preparations
gaining popularity in the last decade, especially
by the amount of the background material [21].
In conventional smears, cells are embedded into
the homogeneous layer of a dried mixture of blood
plasma and colloid. In this case refractive-index
differences are small between the cytoplasm of a
follicular cell and the background material, mak-
ing cell borders barely discernible and sometimes
invisible. This focuses the attention of a cytologist
on RSCs ensuring their easier identification. One
may assume that these cells look different in liquid-
based preparations. Additional research is required
to evaluate how they perform in the identification
of RSC or MC.

Our study has several limitations. First, it is not
clear whether the identified PTC cell phenotypes
relate to independent clones of tumor cells. We can
only assume, for now, that such relation is possible,
on the ground of the specific morphology, immuno-
phenotype and capacity of RSCs and MC to form
cohesive clusters.

Second, the invasive/metastatic potential of
RSCs and MCs and, thus, their value to predict the
aggressive behavior of PTC remains unclear. An
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impaired epCAM expression typical of RSCs and
MCs may indicate the involvement of these cells in
invasive processes. In this context, it would be use-
ful to compare the occurrence of RSCs and MCs in
PTC cases grouped by levels of invasive /metastatic
growth, as well as to analyze the proliferative activ-
ity of these cells.

Third, as RSCs and MCs were identified and
studied in FNA smears we do not know precisely
what histological structures of a PTC (papillae, sol-
id areas etc) they originate from. Such information
would assist in exploring the diagnostic potential
of RSCs and MCs. Further research is required to
clarify the issues mentioned above.

Conclusions

Our findings suggest that RSCs and MCs occur
in FNA smears of PTC but never in smears of benign
or non-PTC malignant lesions of the thyroid, having
the epithelial origin. RSCs and MCs demonstrate a
limited sensitivity, but both show 100% specificity
in the detection of PTC. The unusual morphology of
these cells permits their easy identification without
time-consuming immunocytochemistry. The use of
RSCs or MCs as morphologic markers complimen-
tary to the panel of other PTC markers may improve
the reliability of PTC detection in FNA cytology, es-
pecially in Giemsa-stained smears, in which nuclear
features are less discernible.
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[lBa He3BuyaiiHi heHoTMNN eniTenianbHNX

KNITUH [03BONAKOTb BUABNATY NaninApHY Kapuu-
HOMY B TOHKOTONIKOBMX acnipaTax LMTonofioHoi
3anosu

l0.M. Boxok', O.I. HikoHeHKo?

'Y «lHcTUTYT eHgokpuHonorii Ta 0bmiHy peuosuH im. B.M. KomicapeHka
HAMH YkpaiHn»

AHcTuTyT disionorii im. 0.0. boromonbusa HAH YkpaiHu

Pestome. ToHKOros1KoBa acnipatiiiHa 6ioncis (TAB) € HaiibinbLu YacTo BK-
KOPVCTOBYBAHMM METOAOM AiarHOCTVKM naninapHol kapumHomm (MKLL) Ta
IHLWWX YpaKeHb LMTONoAIGHOT 331031, OfiHaK UMTOMOPGONOTiUHI MapKe-
pu MKLL, Lo 3aCTOCOBYIOTLCA 3apa3 Y AiarHoCTUyHi TAB uutonorii, € He-
[0CTaTHBO CneLydiuHIMI. BOHM CnocTepiraloTbCa AK Npu 3M108KICHNX, Tak
i Npy [OBPOAKICHNX YpaxeHHAX, eKCNPeCyTbCA KNITUHAMY He KOKHOTO
nigrvny T1KLL Ta pi3Hoto yacTko nonynauil knituk nyxnvHn. MeTa no-
nArana B AOC/IKEHHI HOBMX MopdonoriuHux mMapkepis MKLL, wo mMoxyTb
6yTV 3acTocoBaHi Npy AocnigxeHH Maskis TAD MaTtepiany wutonogioHol
3anosun. Matepian i metoau. Matepian gocnigxeHHa Bkntouas TAB masku
By3n0Boro 306y (n=620), donikynApHOi ageHoMM WITONOAIOHOT 3an1031
(n=332), TvpeoianTy XawmmoTo (n=>54), OHKOUUTapHKX NyxauH (N=50),
GonikynAPHOI KapuMHOMM LUMTONOAIGHOT 3an03n (n=22), MeaynApHoi
KapumHomMu wmutonoaibHor 3ano3n (n=42) Ta MKLL (n=280). bynu gocni-
nkeHi TAB mMa3ku Bif navieHTis 0box ctateit (1164 XxiHkM Ta 236 YONOBIKiB)
Bikom Bi 17 8o 87 pokis. [inA ix aHanisy bynu 3acTocoBaHi LMTOXIMIf, imy-
HouwToXiMiA Ta Komn'toTepHa MopdomeTpia. Peaynbratu. B TAB ma3kax
MKLL 6ynw ineHTdikoBaHi eniTenianbHi KNITUHM ABOX HE3BMYAMHIX GeHO-
TUNIB, AKKX HIKONW He BUSBNANM B Ma3Kax fobposkicHyx i He-lKLL 3nos-
KICHVIX YpaXeHb LUMTONOAIOHOT 3aN03M. IMyHOUMUTOXIMIUHE BUABNEHHA Liv-
TokepaTvHiB (LIK) BKa3ano Ha enitenianbHe NOXOMKEHHA LMX 30iNbLIEHNX
i nneoMopdHMX KAITMH. OCHOBHI 0COBAMBOCTI NepLioro GeHoTuny BKAO-
Yanu CBITNY LMTOMNA3MY, HiTKO OKPeCIeHi KOHTYPW KITUH, WO CAMbHO 3a-
NIOMIIOBANY CBITNO, HI3bKY ab0 HEraTBHY peakuito Ha TupeornobyniH Ta
HeratueHy peakuiio Ha epCAM. KnitnHu gpyroro GeHotuny Manu Makysy,
wo mictuna PHK, femMoHCTpyBanu NO3UTKBHY peakLiio Ha TMPeornobysiH i
cneundivnmii natepH ekcnpecii epCAM. MUTaHHS, Uu € KAITUHKW ABOX iAeH-
TUGIKOBaHUX deHOTUMNIB CropiagHeHMU GopMamK KNITWH, € BIAKPUTVM
InA anckycii. BUCHOBKW. BuasneHi knitvHu 3ycTpivaiotbca nuwe B MKLL i,
TaKVIM YUHOM, MOXYTb Oy TV BUKOPMCTaHI AK BUCOKOCMeUUdiuHi Mopdono-
FiYHi MapKepH, O NOTEHUINHO 3AaTHI MIABUWMUTA HALINHICTb BUABNEHHA
MKW npy gocnigkeHHi 38rdaiiHnx TAD Ma3kis LWUMTONOAIGHOT 3an103K, 3a-
6apsneHunx 3a metofom [iM3a. HessuualiHa Mopdonoria Lmx KnitvH [o-
3BOAIAE Nerko iaeHTUdiKysath ix 6e3 TpyAOMICTKOT iMyHOLMTOXIMIT.
KniouoBi cioBa: liarHOCTMYHa UMTONOriA, TOHKOrOAKOBa acnipallid, nani-
NAPHA KapLyHOMa WXTOMOAIOHOT 331031
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Pe3tome. lNocTTpasmatiuHui ctpecosuin posnag (ITTCP) — Le po3naa NcuxiyHoro 3A0POB'A, WO PO3BUBAETHCA MICA NEPEXNTON
abo nobaveHoi TpaBmaTUyHOI Nogii. Takoto nogieto Moxe CTaTw 6iiA, OTpUMaHHA BoMOBOI TPaBMI, NobadeHa 3arvbens NoaNHY,
pakeTHU 06CTpin, CeKcyanbHe HackbCTo Towlo. MpoTe Be3neyHi Ans uTTa Nopil, AK-0T PanToBa CMepPTb BAM3LKOT MIOAVHY,
TaKOX MOXYTb CTaTh npuumHoto MTCP. ToaBMaTuHe YIIKOMKEHHA € CEPO3HIM CTPECOPOM AN1A OPraHi3My i BUKAMKAE 3MiHW B
GionoriyHil peakuii. MeToro Haworo AocnigkeHHs 6yno Br3HaueHHA OCHOBHMX 3aKOHOMIPHOCTEN Mix 06'eMOM PaHOBOTO YLIKO-
[PKEHHA Ta 3MiHaMW PIBHIB TOPMOHIB CTPECY B CMPOBATLL KPOBI KOMOATAHTIB Ha Pi3HIX eTanax PaHOBOI (TPaBMaTUUHOI) XBOPOOW.
Marepian i meTogu. [locninxeHHa Oynu nposeaeHi y BiicbkoBo-MeanUHOMY KAiHiUHOMY LieHTpi MiBHIYHOMO perioHy KomaHay-
BaHHA MeanyHMX cun 3CY, M. XapkiB, YkpaiHa. Y focnimxeHHi 6pani yuacTb 120 YonoBikis BOiHIB, AKi Gy po3aineHi Ha 4 rpynu no
30 4onoBIK 3anexHo Bif 06'eMy NopaHeHHs. JocmimKyBanvca piBHi CTPECOBIX FOPMOHIB. Byra BUKOpUCTaHa NeBHa nepioay3aLis
3aNEXKHO Bif TVIX NPOLIECIB, AKI BiOYBAOTLCA B OPraHi3mi B NeBHMIA Nepiof nicna oTpumaHHA Tpasmn. Pesynbratu. Ha 1-3-y noby
nicna nopaHeHHA BindyBanoch NiABULLIEHHA PIBHIB aAPEHOKOPTUKOTPOMHOrO ropMoHy (AKTT) B oci6 i3 cepenHimMm Ta BakK/MM
TpaBMamu. MourHatouu 3 4-5- obu nicna nopaHeHHs, 36inbluyeTbca pieHb AKTT B 0Ci6 i3 nerkviv nopaHeHHAM, ane B naujieHTis
i3 CepeaHiMA Ta BaXKNUMU NOPaHEHHAMY OYNO BUABAEHO 3HVXKEHHA PIBHIB rOPMOHY. Take MafiHHA MOPIBHAHO 3 MOYATKOBUMM
PIBHAMW MOXe CBIAYMTM NP0 NEBHI 3MiHW B HEMPOEHAOKPWHHIN BIANOBIAI OPraHi3mMy Ha TpaeMmy. PiBeHb anbAoCTepOHY 3pOCTaB
y OCi6 i3 B&XKKMMY NOPAHEHHAMY B TepMiH 14 AHIB NiCnA TpaBMyBaHHA Ha TN BIACYTHOCTI KPOBOTEU, WO NiATBEPAXKYE TPMBANMIA
i KYMYyNIATBHUI BMAWB TPaBMATU3aLii Ha akTUBHICTb PEHIH-aHOTeH31H-aNbA0CTEPOHOBOI CMCTeMW. BucHOBKM. BcTaHoBNEHa
MO3NTUBHA 3a/1EXHICTb FOPMOHAbHUX NOKA3HWKIB CTPECOBOTO CTAHY Bif TAKKOCTI Ta TePMiHy NOPaHEHHA YONOBIKiB KOMOATaHTIB.
[oUinbHUM € NPOAOBKEHHA AOCIIKEHHA LOAO PIBHIB KOPTM30MY, anbAocTepoHy Ta AKTT i3 3aiyyeHHAM 6inbluoro 3arany no-

© H.f0. Centokosa, I.A. JlypiH, M.O. botiko, B.B. Heeodytiko, T.B. TuxHetko, K.B. Miciopa

H.l0. CeniokoBa',?,
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paHeHux i3 Aetanisalieio nokanialii NopaHeHHs, «eHLOKPUHONOTMYHOMO» aHaMHE3Y MaLiEHTIB, HEBPOSIOTIYHOTO Ta NCUXIYHOTO

CTaTyCy, NapameTpiB reMofIMHAMIKV Ta CUCTEMI FOMEOCTasy.

KniouoBi cnoBa: ropmMoH CTPecy, KOMBaTaHTI, PaHOBa NOBEPXHS, MOCTTPABMATUYHII CTDECOBWIA PO3faj.

[Toxii siki po3ropTatoTbes B YKpaiHi ocTaHHi /1Ba
POKH, iHTEHCUBHO BILJIMBAIOTH Ha TICUXOJIOTIUHUH i
(isuuHMiT cTaH BifiChKOBUX Ta IUBLJIbHUX JIIOAEH.
VY ocib, sKi 3a3HaIN BIUIMBY BayKKOI TPaBMaTHYHOI
noziii, yske yacto po3BuBaioThest [ITCP i roctpnii
cTpecoBuii posdias. Ili cranu McuxivHOTO 3710POB’,
10 BWHWKAIOTHh BHACJIZIOK TPaBMaTHUJHOI, 1HOI
IITOKOBOI, TIOfii B KUTTI JIIOAWHH, TaKOi 9K OONOBI
mii, 6oifoBa TpaBMa, TEPOPUCTHYHI aTakh, CEKCY-
asibHe HacubcTBO TOmO [1]. TocTpuit cTpecoBuit
po3Jaja — Iie iHTEeHCUBHA, HEIIPUEMHA peakilisd Ha
CWJIBHUHN TPaBMAaTUYHUU IHIMAEHT, SKa MOYMHA-
€ThCsT He3abapOM TICJIsT HBOTO 1 TPUBAE MEHIIIE STK
Micsih. CUMIITOMHM TOCTPOTO CTPECOBOTO PO3JIALY
nozi6bui 10 IITCP i MOXyTh BKJIIOYATH HOYYTTSI
BiZICTOPOHEHOCTI Bijl peajbHOCTI Ta/ab0 MOYyTTs
BiZlipBaHOCTI Biji cebe Ta cBOIX nepekuBanb. ITicis
TEePEesKUTOl TPAaBMATUIHOI TIO/I1 B JKUTTI JIIOAUHNA
CIIOYATKy BMHUKAIOTh IICUXOJIOTIYHI 3MIHU B 11 Op-
raHi3wmi, ajie Ha Ii3HIX eTamnax 1e /Iy’Ke CUJIbHO Bi/l-
NIBEPKATOETHCS Ha (DI3MUHOMY 3/10pOB'i, 1 11e MOKe
MPOSABJIATUCSA HaBITh 4Yepe3 JECATKU POKiB TicCJis
oTpUMaHHA TpaBMU. Takoxk crpec Moxe OyTH BU-
KJWKAHUI HasBHICTIO PAHOBOI TOBEPXHI Ha TiJIi.
Panu MOy Th BUKJIMKATH CTPEC i3 PI3HUX TTPUYMH.

Panoto 3aBe/ieHO Ha3WBaTW MeXaHiuyHE IOIIKO-
JUKEHHS, 10 CYMPOBOJ/IKYETHCS TMOPYIIEHHSIM ITi-
JIOCTI 30BHINIHIX MOKPUBHUX TKAHUH, y TMeEPITy
yepry mKipu. Y 3araJbHOMY PO3yMiHHI paHa — Iie
Bi/IKpMTA MEXaHiuyHA TPaBMa, TAKUH CTaH Ie MOJKHA
HasBaTH paHOBa XBopoba. PaHoBwMii 1Ipoiiec — 11e pe-
aKIlist OpraHi3My Ha TPaBMY, 10 XapaKTePU3yEThCS
HIEBHOIO MTOCJIiZIOBHICTIO cTaIill, abo (a3, 1110 MaloTh
CBOI aHATOMIYHi, aTOTiCTOIOrYHi, Hi0XiMIYHI, KJIi-
HiuHi 0cobmBocTi. CyTh PAHOBOTO MIPOIIECY MOJIsI-
ra€e B MOOILTi3arlii 3ara/ibHIX Ta MiCIIEBUX 3aXUCHIX
peaxIiiii, cipsIMOBaHUX Ha 3arOEHHS panu [2].

Crpec — 11e crtaH ¢isiosoriunoi abo MCcuxoIoriv-
HOI HaIpyTH, 3yMOBJIEHUN PI3HOMAHITHUMU YWH-
HUKAMW JIOBKIJJIS, 10 BUKJWKAIOTH TOPYHIEHHS
(byHKIiit OpraniaMy Ta SKUX OpraHi3M HaMara€ThCs
yHUKHYTUA. CTpec-peakirisi B KOKHOI JIIOAMHY 3aJie-
JKUTH Bijl cvmm abo 1031 I TPUBAJIOCTI il cTpecop-
Hux (dhaxropis [3, 4].
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[3 103uIIii iMyHHOTO UCTPEC-CHHIPOMY, TIepebir
TPaBMaTUYHOI XBOPOOU BiZIOYBAETHCS B YOTUPH €Ta-
. [Tepimii etan xapakTepusyeTbesi TOCTPOIO Peak-
I[i€10 HAa TPaBMY i TPUBAE, Y CEPEAHBOMY, JI0 IBOX JIi0.
Y 1eil nepioj criocTepiraioTbesi HeMPOeHI0KPUHHI
peaxiiii 3 aKTUBAIli€l0 CUMIIATOA/IPEHAIOBOI cHUCTe-
MU, TIOPYIIIEHHS CY/IMHHOTO TOHYCY Totno. /Ipyruii
eTan — 1ie 1epiojl PAaHHBOTO TIPOSBY TPABMATHUUYHOI
xBopoOu B niepiii 14 6. Y 1ieii nepion BigOyBaeThest
IMYHOTOKCHUKO3, MOKJINBUI PO3BUTOK iMyHOTIapai-
va. Tperiit mepiox TpaBMaTuyHOi XBOPOOH TIOUYMHA-
erbes micast 14 mib i xapakTepusyeTbest 1 misHiMu
MIPOSIBAMH, 10 SKUX HAJIEXKaTh PO3BUTOK TUCTPOGDid-
HUX Ta CKJIEPOTUYHUX MTPOIIECIB, TAIbMyBaHHS KOH-
coJTiIalii mepeyiomMiB, pO3BUTOK XUOHUX CYTJI00iB Ta
MOCTTPaBMAaTUUHUI ocTeoMieniT. UeTBepTa cTajis
TpaBMaTUYHOI XBOpoOM — 1ie Iepio pealimiTarii,
SIKUI XapaKTEPU3YEThCSI YACTKOBUM ab0 TOBHUM
BiZTHOBJIEHHSIM (DYHKIIiIT OPTaHi3MYy.

KopTUKOTPOITH-PUTI3UHT-TOPMOH ~ TTOTPATLJISIE
1o rinodisa, ae crumysoe npoaykitiio AKTI, abo
Jli€ IK CaMOCTIHUI HePOrOPMOH peaJtizaillii mose-
JIIHKOBUX Ta TOPMOHAJBHUX PeakIliii Ha eMOIliliHi
cTpecH, a TakosK Gepe ydacTb y 3MiHi (GYHKIIH BHY-
TPIlTHIX OpraxiB i iMyHHOI cuctemu. Bazonpecun
Tak camo ctumyJitoe poaykiiio AKTT rinodizom,
MiJIBUIIY€E aKTUBHICTh CUMIIATUYHOI HEPBOBOI CHC-
TeMu, 6epe ydacThb y 3aXMCHIN arpecuBHIN MOBeIiH-
mi. Karexosmaminu perysoiots cekpertito KPI' ta
3aJIyyeHi B CKJIQ[HOMY HEWpOoMeiaTOPHOMY MeXa-
Hi3Mi KOHTPOJIIO TPOYKIIii, a TAKOK BUBIJIbHEHHS
KOPTUKOTPOIIiHY ajieHorimodizom [5].

TpaBmaTnuHe yHIKO/PKeHHS € CepiiO3HUM CTPeco-
POM JIJIst OPraHi3My i BUKJIMKAE 3MiHU B O10JIOMTYHIlT
peakirii. 3oKkpema, peakilisi KOPTU30JTy, OITOCEPEIKO-
BaHa rinorajaMo-rinogizapHo-HaHIPKOBOIO BicCIo,
€ PETYJIITOPOM IICUXOTIATOJIOTTYHOT TPAEKTOPIT Y BijI-
TOBiIb Ha cTpecoBi KkUTTEBI 110/1i1 [6]. Cexpertist kop-
TU30JIy € TIPOIYKTUBHOIO PEAKIIE€I0 Ha CTPEC, O/HAK
Y JeSKUX JIIOJIell MO3Ke CIIOCTePiraTUCs MOopyIieHHs
peryJsnii - rinotajgamo-TinodisapHo-HaHUPKOBOT
Bici, HampuKIaa MiABUNIEHUM (TiTEPKOPTUITU3M )
a0 3HMKEHUM (TITTOKOPTUII3M) PIBHSIMU CEKPeITil
KOPTHU30J1y Tics cTpecy [7].
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MeTo10 Hamoro JoCJiKeHHsT OyJI0 BU3HAYEH-
HS1 OCHOBHHUX 3aKOHOMIPHOCTE Mix 06’€éMoM pa-
HOBOT'O YIITKOJ)KEHHS Ta 3MiHAaMU PiBHIB TOPMOHIB
CTpecy B CHPOBATIli KPOBi KOMOATAHTIB Ha Pi3HUX
eTarax paHoOBOi (TpaBMaTHYHOI) XBOPOOU.

Marepiai i MeTou

Komruteke pocmigkenb 6yJo TPOBEAEHO Bij-
MOBIZTHO /10 €TUYHUX 1 MOPaJbHO-TIPABOBUX BH-
mor CraryTy YKpaiHchKoOI acorialiii 3 6i0eTHKH Ta
wopm GCP (1992 p.), GLP (2002 p.), npunIuiin
Tenbcinebkol mexsapailii TpaB JIIOAUHUA, KOHBEHITi1
Paau €Bpomu npo mnpasa JIOAMHA Ta O1I0MEIUIUHY
il yXBaJIEHWIT KOMICI€10 3 TUTaHb €TUKU Ta O10eTHKN
BiiicbkoBO-MeIMUHOTO KJIiHIYHOTO 1IeHTpY 1liBHiU-
Horo periony KomanayBanug mequunnx cua 3CY.

VY Harmomy pocripkerti Opanun yyacts 120 vosio-
BiKiB BOiHIB, s1ki Oy/u posmijieHi Ha 4 rpymu mo 30
YOJIOBIK 3aJIeKHO Bijg 00’eMy mopanenns. Ilepria
rpyna — IOpaHeHHs JIEFKOTO CTyTeHst (MasIuii 00csir
VIIKOJPKEHHS ); IPyTa — MOPaHEeHHS CePEHBOTO CTY-
neHst (cepeHiil 00CsAT YITKOJKEHHST); TPeTsT — I10-
paHeHHsI BayKKOTO CTyIeHs1 (BEJIMKUN 00CST YIITKO-
JUKEeHHS ), YeTBePTa — KOHTPOJIb.

Cepenniii Bik mopanenux 34,2+4,3 poxu, cepei-
Hsl Maca Tisia ctanoBuia 78,0+3,5 kr. [locimpkyBa-
s piBai AKTT Tta anpaocrepony, 3abip marepiasy
IIPOBOJIMJIN B paHKOBUI yac. KOHTpoJIbHI 3HaUeHHS
OGpasii OZIHOPA30BO BiJl 3JI0POBUX Ta HEYIIKO/Ke-
HUX YOJIOBIKiB BOIHIB 3a3HAY€HOTO BiKYy Ta Macu
tisia. KoHtenTpartii TOpMOHiB, 110 I0CTiIKYBATUCH,
BU3HAYAJIHN 32 IOTTOMOTOI0 HAbOPiB iMyHO(bEpMeHT-
Horo aHanizy TOB «XEMA» (M. KuiB, Ykpaina)
BI/IMOBiIHO /10 iHCTPYKIIT y ckiazni Habopy. Pede-
pentni sHavenns: AKTT — 5-46 ir/mi i anbaocte-
pony — <199 nr/mu.

Hamu OyJjia BUKOpHCTaHA MEBHA TIE€PiOIU3allist
3aJIeKHO BiJl THX ITPOIIECIB, SIKi BiOYBAOTHCS B OP-
raHi3Mi B IEBHUU TIEPiOJ TiCJIsT OTPUMAaHHS TPaBMHU:

1) 1-3-s m0ba — y 11eii nepio BisOyBaeThCst TO-
cTpuii crpec/rocTpuii (1I0KoBwMiT) Tiepion / KaTabo-
JiiyHa (paza paHOBOTO MIPOIIeCy;

2) 4-5-a poba — BigOyBaeTbhCs IMYHOTOKCH-
KO03/11epio]] HecTiiKoI aganTailii/anaboiyna (asa
PaHOBOTO TIPOTIECY;

3) 14-ta no6a — PO3BUTOK AUCTPODIUHUX Ta
CKJIEPOTUYHUX TIPOIIECiB,/TIepioJ CTINKOI afanTaltii
pPaHOBOI XBOPOOH /pereHepartist Ta 3arOEHHST PaH.

Craructuuny oOpoOKy [MaHUX IPOBOAWIN 3
JIOIIOMOTOI0  TrakeTa Tmporpam  Microsoft Excel.

HopwmambhicTs posnofiny 1iudpoBUX MacuBiB Tie-
pesipsiiii BukopuctoBytoun W-kpurepiii [Ilarmi-
po-Bisika. Jlani fmocuizKeHHs Mpe/cTaBieH] Y BU-
TJISA/I CEPEIHIX 3HAYEHb Ta CTAaHAAPTHOI TMOXUOKU
(M*m). CratucTUuHy BipOTi/IHICTh OIIHIOBAJIN 32
napametrpudHuM t-xpurtepieM CrbiojieHTa. PisHu-
1110 BBakasu Biporianoio npu p<0,05.

Pesyabrati Ta 00roBOpEHHS

Ha mepmiomy erami My JoCHiKyBajgu PiBEHb
AKTT B cupoBarTiii KpoBi 3/0POBUX YOJOBIKIB i
MAIiEHTIB Ta OIIHIOBAJIU 3aJIEKHICTh KOHIIEHTPA-
il TOPMOHIB Biji 00’€éMy PAaHOBOTO YIIKOKEHHSI.
Y xontpospniit rpyni piBerb AKTI mgopiBHIOBaB
y cepenabomy 35,25+6,22 ir/mut. Jlani ob6cTeskeH-
Hs1, TIPEJICTABJIECHOTO /st aHasi3y (taba. 1), cBia-
yaTh Tpo BiporigHe migBumnierHss piBHiB AKTT
Ha 1-3 1100y micsst opaHeHHsT B 0cib i3 cepeHiMm
(na 120%) ta BaxkkuMm mopaHenHsmu (Ha 128%)
(p<0,05). Ile migBuIeHHsT PiBHS TOPMOHIB CTPeCy
MO’Ke MaTH Ba)KJIMBe 3HAUEHHS JIJIS Peakilii opra-
Hi3My Ha TpaBMYy, BKJIIOYAIOYM 3MeEHIIEeHHS 3alla-
JIEHHSI, CTUMYJIIOBAaHHSI BIJIHOBJIEHHSI TKaHUH Ta
MiTPUMKY aJlallTallii 10 TpaBMH.

Ta6nuusa 1. PigeHb AKTT npy nopaHeHHi pisHoro cTyneHs (nr/mn)

Table 1. ACTH level in wounds of different degrees (pg/mL)

Mepioa KoHTponbHa CTyniHb NopaHeHHA
Period rpyna Degree of injury
Control group
nerkui cepefiHili  BaXKKui
mild medium severe
1-3-apoba 35254622 28,25+11,58 77404061 80,25+147'2
Days 1-3
4-5-a foba 60,60+5,35" 6,80+£0,21" 490+1,79"%
Days 4-5
14-a poba 34,75£6,06  16,2543,07"** 0,97+0,03"%3
Days 14

lpumimku: 8ipozioHa pisHuyA (p<0,05) NopieHAHO 3 KOHMPOILHOIO 2py-
noto ('), 2pynoto nezko2o noparxeHHA (%) i apynoko nopaxeHHs Ha 1-3-10 006y ().

Notes: significant difference (p<0.05) compared with the control group ('),
mildly wounded group (?) and the wounded group on days 1-3 ().

Ha 4-5-y mo6y miciist mopaHeHHst, 301/1bIIyBaB-
cs1 piBeab AKTT B 0ci0 i3 JIerkum mopaHeHHsIM, ajie
B TAIli€EHTIB i3 cepe/HiM Ta BaKKUM TTOPAHEHHSIMU
OyJI0 BiIMiYEeHO 3HVIKEHHsST PiBHIB ropmoHy. Take
Ma/IiHHS TTOPiBHSAHO 3 MTOYaTKOBUMU PIBHIMU MOJKE
CBiIUMTH TIPO TIEBHiI 3MiHM B HEMPOEHIOKPUHHIN
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BiZINIOBi/Ii opraHiamy Ha TpasBMmy. Lli maginus mo-
KYTh BigoOpaskaTu IeBHI ajanTaliiiHi IpoLecH,
1110 BiI0YBAIOTHCS B OPraHi3Mi Iij 4ac 3arol0BaHHs
paH Ta peabimitallii micjas TpaBMaTUYHUX MO,
3umxenns piBast AKTT Moxke cBiguuTu 1mpo Te, 1m0
OpTaHi3M IMepexonTh i3 a3u aKTUBHOI Peaxilii Ha
cTpec 10 dhasu BiAHOBIEHHS Ta azanTaiii. Jloxar-
KOBI JIOCTTI[DKEHHST MOJKYTh PO3KPUTH OiJIbIiie jgera-
Jiel 110/10 MeXaHi3MiB 1[UX 3MiH Y PiBHSIX TOPMOHIB
CTpecy Ta iXHbOTO BIJIUBY Ha IPOIIEC 3arOI0BAHHS
paH Ta 3araJibHUN CTaH OPTaHi3My ITicCJisl TpaBMa-
TUYHUX MO,

Biporigne mnaxinns Bmicty AKTIL y Tepmin
4-5-a n06a MO)Ke TIOSICHIOBATHUCS €0 B TIel Tie-
pioj HecTIWKOI azamnTallii Ha MEeHTPATbHOMY PiBHI
cTpec-JMMiTyIounx cucrteM (110 3aKOHY 3BOPOTHO-
IO PeryJIoBaHHs BiJJHOCHO BEJMKUX KOHI[EHTPA-
wiit AKTT y nepii go6u micst mopaHeHHs ), /10
axkux Haymexatb AMK-epriuna ta omioizepriuna
cucremu, cybcraniis P, meitponentun Y, oxkcup
azory. Ili akTuUBHI PEUYOBUHU CTPEC-JIMITYIOUNX
CHUCTEM MalOTh TaJbMIBHY [it0, MOAUMDIKYIOTH ce-
kpemnito koprukosibepuny, AKTI, ob6mexyoTh
aKTUBHICTb CHUMIIATOA[peHasoBoi cuctemu. Ilpu-
THiYyBaJbHA /i TaMMa-aMiHOMAaCJSHOI KHCJIOTHU
Ta OMIiOITHUX MENTU/IIB HA KaTeXOJaMiHOBY JIAaHKY
cTpec-peastisyiouoi CucTeMU Bif0yBa€ThCs He JINIIe
B ILHC, a it Ha nepudepii [8]. Jokazom TicHOTO
3B’SI3KYy CTpec-peasizylounX Ta CTPec-JIiMITYyIunX
crCTeM MOKYTb OYyTH JaHi IMpo Te, 10 B Tinodisi
AKTT omioigni nentuam yTBOPIOIOTHCS 3 €IMHOTO
nonepeanuka. [anbmiBHa cybcraniis P yTBopio-
€ThC B rinorajamyci i amuraaii, inribye GyHkIio
He#poHiB, siki mpoaykyioTh KPI. Oxcun azory 6J10-
KY€ BUBIJIbHEHHS HOPAJPEHANIHY i3 CUMIIATUIHUX
HEHPOHIB Ta 0OMEKYE CTPECOPHY Ba30KOHCTPHK-
mito [9]. Crpec-miMiTyiodi CTPYKTYpU OTPUMYIOTDH
TaKOK CUTHAIN 0e310CepeHbO BiJl TOPMOHIB, IO
UPKYJIIOTH Y KPOBIi, TIPO 110 CBI/YUTDH HASIBHICTD
Ha MeMOpaHax CEKPETOPHUX HENPOHIB TiMoTaIamy-
ca PeIeNTopiB 0 TOPMOHIB NepudepiiHuX eH0-
KPUHHKX 37103 [5]. AJie 1ie TBEPKEHHS oTpedye
MiITBEP/KEHHS BIZTHOCHO 00CTEKEHUX 0CiD.

[MTozo piBuiB AKTT Ha 14-y 106y pocisKeHHs,
Oy BUSIBJIEHI HYDKYI PiBHI TOPMOHY y 2,2 pasa B
ocib i3 cepenHiM CTyIeHEM TOpPaHEHHsST BiTHOCHO
rpynu i3 jerkum topanentsim (p<0,05) ta KOHT-
poJtio, Ta B 0ci0 i3 Ba)KKUM MOPaHEHHSIM — Maiike
B 36 pasiB Huxunii (p<0,05) BiAMOBiAHO 10 TPyIIN
3 JIETKUM CTyTIeHeM TIOpaHeHHS Ta TPyNoi0 KOHT-
poJIo.
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lono sumxkennst pibast AKTT na 14-ty mo6y
MIPU BA)KKOMY MOPAaHEHHI, TO 1leé MOKHA TOSICHUTH
THM, 1[0 KOJIK CTPECOP i€ TpuBaauii yac 6e3 10-
CTATHBOI MOJKJIMBOCTI IS BiTHOBJIEHHS Ta BIJIIO-
YUHKY, 11€ MOKe TTPU3BECTHU JI0 TPEThOI CTAJIII CTpe-
cy, BiJoMO1 gK cTajlid BucHakeHHd. Ha it cramii
BifIOyBA€THCSI BUCHAKEHHSI TOPMOHAILHUX PECyp-
CiB OpTaHi3my, O MOXKe MaTU CePUO3HI HACJIIKA
JUIsT (DyHKITIOHYBaHHS CHCTeM opraHizmy. Bakim-
BO BYACHO BITi3HABATH O3HAKW TPUBAJIOTO CTPECY i
BJKMBATH 3aXO0/11 JIJIs1 HOTO 3MEHIIIEeHHS Ta KepyBaH-
Hst, 11100 YHUKHYTH JOCSITHEHHS 1€l cTajii BUCHa-
skenHs. Ile Moske BkIouaTu crTpaterii peJsakcariii,
MeauTallii, (isudHy aKTUBHICTb, COIIAJbHY IIiJ[-
TPUMKY Ta iHII METO/U JIJIs1 3MEHIIIEHHS CTPecy Ta
MiITPUMKH TICUX0(Di3i0I0TITHOTO OIarOTIOTydsl.

BaxmBUM MOMEHTOM TaKOX € BUZHAUEHHS Pi3-
HUTI y XapakTepi nogaiabinmx 3Mid piBaiB AKTT B
0cib i3 TIOpaHEHHIMK CEPEAHbOr0O Ta BasKKOTO CTY-
MeHiB. JAKIO Npu cepeiHiil BaXKKOCTI piBeHb rop-
MOHY 3pocTaB nounHawoun 3 14-1 1o6m, To B 0cib i3
BOKKMMU TIOPaHEHHSIMH TPOJOBKYBaB 3HWKYBa-
THUCS, 1110 MOXKe [TPU3BECTH /10 3MEHIIIeHHs CeKpellii
KOPTHU30JIY.

Braskaemo, 1110 B 11€ii TIepioa A 1i€l KaTeropii
MOPAaHEHUX JOIITPHUM € BU3HAUEHHS KOPTU30JY
KpoBi/cedi/cauun (TUII JOCIKEHHs 1iaibpaTu
3aJIeKHO Bijl TEXHIYHOI CIPOMOKHOCTI HOTO TIpPO-
Be/leHHs B malfieHTiB). CaMe KOHIIEHTPAIlid 1[bOTO
TOPMOHY Ma€ KJIiHiYyHe 3HaYeHHs B IaHOMY BUIIA/I-
Ky [10]. IIpu giarnocTyBaHHi najiiHHSA PiBHIB KOP-
TU30JIy — JIOLUUJIbHUM € CUMIITOMAaTUYHA Teparis
[11]. BusnauenHst KOPTH30JIy MOsKe OyTH it MapKe-
POM CIIPOMOKHOCTI OPTaHi3MYy /10 pereHepartii..

AHaJ3yI0un OTPUMaHi pe3yJibTaTh, MOKHA 3PO-
O6UTH BUCHOBOK, IO JOIIJLHUM € ITPOJOBKEHHS
nocaipkenns 1mono piBHiB koptusony Ta AKTT i3
3aJlydeHHsIM OiJIbIIOro 3arajty MOpaHEHUX i3 jeTa-
JI3arfiero JoKami3allii mopaHeHHs, «€HI0KPUHOJIO-
TYHOTO» aHAMHe3Yy Malli€HTIB, HEBPOJOTIYHOTO Ta
IICUXIYHOTO CTATyCy, lTapaMeTpiB reMOJIMHAMIKY Ta
CUCTEMU TOMEeOCTasYy.

JIpyrum eTarom Haioi po6oTu 6yJI0 10CIiIKeH-
Hs PiBHIB aybgocTepony (Tadia. 2). BeranosieHo
BipOrijiHe MiJ[BUIIEHHSI PiBHIB aJbJIOCTEPOHY Ha
1-3-y no0y micJist TOpaHeH sl B MAIIE€HTIB i3 BAsKKU-
MU TpaBmMamu Ha 50% BiJIHOCHO TPyNU KOHTPOJIIO
(79,03+6,32 nir/mur) Ta Ha 40% BiIHOCHO TPYTH 3
serkum riopanentsim (p<0,05) Bigmnosiano. Busna-
YEHO, 1110 B IPYIIi 3 TSAKKUM IIOPAHEHHSIM PiBHI aJib-
JIOCTEPOHY TIPOIOBKYIOTh 3pocTaTH, Ha 14-Ty 100y
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JIOCJIJIZKEHH s, 1[0 BipOTifHO BHIIE, HIXK B 0Ocib i3
JIETKUMU Ta CEePeIHIMU MOPAaHEeHHAMU B aHAJIOTId-
Huil repmin o6crexkenns (p<0,05), a Takox € Haii-
BUIIUM Y BCi TepMiHN 06CTEREHHST 0Ci0 i3 TSKKUMU
nopanennsmu (p<0,05).

Tabnuua 2. PiBeHb anbJoCTepoHy NPy NOPaHeHHi Pi3HOTO CTyneHs (r/mn)

Table 2. Aldosterone level in wounds of different degrees (pg/mL)

Mepiog KoHTponbHa CryniHb NopaHeHHA
Period rpyna Degree of injury
Control nerkuii cepepHin BaXKKUM
group mild medium severe
1-3-apoba 79034632  9605+13,40 9550+23,77  15830+8,02'2
Days 1-3
4-5-a joba 89,50+18,57 89,55+1582  200,20+29,94'2
Days 4-5
14-a poba 98/45+16/48 10085+26,19 307,80+£39,31"%
Days 14

TNpumimgu: 8ipoeioHa pisHuuA (p<0,05) NopigHAHO 3 KOHMPOLHOI 2pynoio ('),
2pynoio 11e2k020 noparerHs (%) i epynoto noparqerHHsa Ha 1-3-1o 006y ().

Notes: significant difference (p<0.05) compared with the control group ('),
mildly wounded group (?) and the wounded group on days 1-3 ().

Y Hammomy focJIiKeHH] 3BepTae yBary (akr, 1Mo
B 0Ci0 i3 BAKKMMH TIOPAHEHHSIME PiBEHb aJIbI0CTEPO-
HYy 3pocTra€ HaBiTh Ha 14-Ty H0OY mic/s mopaHeHHs,
KOJIU ByKe KpoBoTeui He OyBae. [liBuinennuii piBeHb
ABIOCTEPOHY B OCI0 13 BKKUMHU TOPAHEHHSIMH,
MOJKe TIOSICHIOBATUCST TUM, 1110 TTCJIT TPABMU Ta CTpe-
COBOTO BIUIMBY OPTaHi3M aKTHUBYE Pi3HI MeXaHi3MU
JUIS BiIHOBJIeHHA ToMeocTtasy. lliaBuriiennii piBeHb
QJIBIOCTEPOHY MOsKE OYTH YaCTUHOIO IIHOTO MPOIIECY,
OCKIJIbKM aJIb/IOCTEPOH BILIMBAE HA PiBEHb PiJIMHU
Ta eJIEKTPOJITIB B oprani3mi. TakoX paHa MOKe BH-
KJIMKATH aKTUBAIll0 CHUCTEMU PEHIH-aHTIOTEeH3WH-
AJIbJIOCTEPOH, HABITH IICJIST TOTO, IK KPOBOTEYa BiKe
punuHuiIacs. AKTHBOBaHA CUCTEMA PeHiH-aHTiOTeH-
BUH-QJIBIIOCTEPOHY MOKE CTUMYJIFOBATH BUPOOICHHS
QJIBI0CTEPOHY, 1100 30€PerTi BOLY Ta eJIEKTPOJITH B
OprafisaMi Ta JIOTTOMOTTH BifIHOBUTU ToMeocTas. [lic-
JIST TPABMU OPraHi3M 1epeOyBa€E y CTaHi 3ar0CTPEHOTO
cTpecy, HaBiTb ITiCJIs TOTO, SIK KPOBOTeYa IIPUITMHIJIA-
cst. Ile Moske BKJIIOUaTH GiJib, 3amajeHHs], iMyHHY pe-
aKIIiIo Ta iHIII CTPECOBI BiJIMOBI/, SIKi MOKYTb CIIPU-
YUHATH BUPOOJICHHS aJIbJ0CTEPOHY.

OTxe, TiABUTIIEHWH PiBEHD aTbIOCTEPOHY Uepes
14 mHiB mic/s TOpaHEeHHsT MOKe OYTH Pe3yJIbTraToM
aKTHUBaIil pisHUX (i3i0JOriYHUX MeXaHi3MiB B Op-
raHi3Mi, CIPSIMOBAHUX Ha BiJIHOBJIEHHS FOMEOCTa3y
Ta JIANTAIliIo /0 CTPECOBOTO BILJIUBY.

Hamre mpumnynienas mifATBepyKYyETbCS AaHUMU
IHIMWX [OCJTIIHUKIB, SKi [OBEJU, MO0 TPaBMaTHU-
3allisi Ma€ TPUBWINH i KyMYyJSITUBHUUN BIJIUB Ha
AKTUBHICTh PEHIH-aHTIOTEH3MH-AJIb/IOCTEPOHOBOI
CUCTEMU.

[Tix BmuBom AKTT B TRaHMHAX HAHUPHUKIB
BinbOyBaeThes migsuienns cunresy JHK i PHK,
301IBIIYIOTHCS PO3MIPH KJIITHH, 00’ €M s1ep, Tinep-
TPOoYIOThCS SAAEPIls i TACTUHIACTUN KOMILIEKC,
3POCTAE YNCJIO JITIIHUX BKJIIOYEHD i MITOXOH/IPI,
36iJbIIYEThCST  00’€EM  TJIaJIEeHbKOI  eHJI0TIIa3Ma-
TUYHOI Mepexi, YTBOPIOIOTbCS Ta aKTUBYIOTHCS
dbepmenTtu. Poctectumymotounit edpext AKTI in
vivo, WBKIIE 32 BCe, BiAOYBAEThCI Yepe3 aKTH-
Ballifo JIOKAJbHOI Ta CKJIQJIHOI MepeKi aBTOKPUH-
HUX (haKTOPIB POCTY Ta iXHIX BJACHUX PEIENTOPIB
[12]. DyHKIii anbrOCTEPOHYTBOPIOIOYNX KJiTUH
JIMIIEe 9acTKOBO TepeOyBaioTh il KOHTPOJEM
AKTT [13].

CrepeoTuIHoI0  MOYATKOBOIO PEAKINEI0  eHJI0-
KPUHHOI CUCTEMHU Ha TPABMY € aKTUBI3allisl TPAKTUY-
HO BCiX 11 KOMIIJIEKCIB Ta JlaHOK. KiH1eBUM pesyJibra-
TOM 11 aKTHBAIIil € BIIUB Ha PiI3HOMAHITHI KJIITUHHI Ta
MIKKJTITHHHI CTPYKTYPH, MOOILJTI3allist TIIOKO3H, aMi-
HOKHCJIOT, 3aTPUMKa HaTpilo Ta BoJu. JlocmipKeHHs
OCHOBHUX 3aKOHOMIPHOCTEI MiK 00'€MOM PaHOBOTO
VIIKO/UKEHHS Ta PiBHSIMU TOPMOHIB CTpecy B KpO-
Bi OIfI[iB HAa PI3HUX eTamax PaHOBOI XBOPOOM MOjKe
OyTH BasKJIMBUM [ PO3YMIHHSI BILIUBY CTPECy Ha
3arol0BaHHA paH Ta 3arajJbHUI cTaH opranizmy. [op-
MOHAJIbHA PEAKIIisl Ha CTPeC BKIIOYAE Psifl iziosioriv-
HUX 3MiH y TiJii, BKroyaioun Bupobaents AKTT, ajib-
JIOCTEPOHY Ta KOPTU30.1y. 30LIbIIEHHST KOHI[EHTPAIIii
AKTT ta kopTtusoJy B CMpOBartiii KpOBi MOXKe criocTe-
piraTucs HaBiTh y MePIIi XBUJIMHU ITICS TPaBMaTHY-
HOI Tojtii. BeTaHoB/IeHHST B3aEMO3B'SI3KY MK TTUMU
(hbakTOpamu MosKe TOTTOMOTTH BUBHAYUTH ONTUMAJIb-
Hi cTparerii JiiKyBaHHsT Ta peabiiTarii 1ist Jo/ei i3
paHamu, 0cOOJIIBO JIJIsI THX, XTO 1epebyBae B CUTYyaIli-
SIX CTPECY, TAKMX SIK BifICHKOBI 1ii abo aBapiiiHi cuTy-
artii. Taki focIipKeHHsT 1a/lyTh 3MOTY ONTUMI3yBaTH
cTparerii JIOIJIA/ly 3a paHaMU Ta KePyBaHHS CTPECOM
y noctpaskaanux [14].

Bucuosku
1. BcranoBjeHa mo3uTHBHA 3aJI€KHICTh TOP-
MOHAJIbHUX TIOKa3HUKIB CTPECOBOTO CTaHy BiJ

TSKKOCTI Ta TePMiHy MOpaHeHHsI 40JI0BIKiB KoMba-
TaHTiB.
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OpwuriHanbHi OCHIAKEHHSA

2. Ha 1-3 noby micist mopaHeHHs1 BinOyBa-
sock Biporigne migumienns pisuis AKTT B oci6
i3 cepelHiMM Ta BaXKMUMU TpaBMaMmu. Ajie BxKe Ha
4-5-y ta 14-1y 100y criocTepiragoch naiHHs BMic-
Ty AKTT B 0cib i3 cepeiHiMU Ta BaKKUMHU TIOpa-
HEHHSIMHU, 1110 MO3Ke ITOSICHIOBATHCS JII€I0 B 11ei 11e-
piojl HecTifiKOI azanTallii Ha MEeHTPAJTbHOMY PiBHI
CTPEC-JIIMITYIOUNX CUCTEM.

3. PiBenb amprocTepoHY 3pOCTaB y YOJIOBIKIB
i3 Ba)KKUMW MMOPAHEHHSIMU MOYMHAIOYU 3 TEepIIoi
700U TIicJIst TPABMU i1 1€ 4aCTKOBO MOSKHA TIOSICHM-
TH PSICHOIO KPOBOBTpaTolo. Ajie PiBeHb ajibJ0oCTe-
POHY IIPOZOBKYBaB 3pOCTaTH HaBiTh Ha 14-Ty 100y
MMiCJIg TOpaHeHHS Ha TJi BiZICyTHOCTI KPOBOTEUI, 10
MiITBEP/KYE TPUBAIMN 1 KyMYJISITUBHUM BILJIUB
TpaBMaTHu3allil Ha aKTUBHICTh PEHiIH-aHTIOTEH3WH-
AJIbJIOCTEPOHOBOI CUCTEMH.

4. JIomiJIbBHUM € TIPOJIOBXKEHHST JOCJI/PKEHHS
IIO/I0 PiBHIB KOPTU30.Y, anbaoctepony ta AKTT i3
3aJlydeHHsIM OiJIbIIOro 3arajty MOPaHEHUX i3 jeTa-
JIi3aITi€ro JToKami3arlii mopaHeHHs, «eHI0KPUHOJIO-
TiYHOTO» aHaMHe3y MAIl€HTIB, HEBPOJOTIYHOTO Ta
IICUXIYHOTO CTaTyCy, IapaMeTpiB reMOIMHAMIKY Ta
CUCTEMH FOMEeOCTasYy.
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Cmmcok CKOpPOY€Hb

AKTT - afpeHOKOPTUKOTPOITHII TOPMOH
IITCP — mocTTpaBMaTHIHUI CTPECOBUI PO3JIal

The dependence of wound healing process on the
levels of stress hormone in men-combatants
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Northern Region of Armed Forces Command

Kharkiv National Medical University

Abstract. Post-traumatic stress disorder (PTSD) is a mental health
disturbance that develops after experiencing or witnessing a traumatic
event. Such an event could be a battle, receiving a combat injury,
witnessing the death of a person, rocket fire, sexual assault, etc. However,
life-threatening events, such as the sudden death of a loved one, can also
cause PTSD. Traumatic injury is @ major stressor to the body and causes
changes in the biological response. The aim was to determine the main
patterns between the wound volume and changes in the levels of stress
hormones in the blood serum of combatants at different stages of wound
(traumatic) disease. Material and methods. The studies were conducted
at the Hospital for Emergency Aid, Military Medical Clinical Center of
the Northern Region of Armed Forces Command, Kharkiv, Ukraine. The
study involved 120 male combatants who were divided into 4 groups of
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30 people depending on the wound volume. Levels of stress hormones
were studied. A certain periodization was used depending on the processes
that occur in the body in a certain period after injury. Results. On days 1-3
after wounding there was an increase in the levels of adrenocorticotropic
hormone (ACTH) in persons with medium and severe injuries. Starting
from 4-5 days after injury, ACTH levele increase in individuals with mild
wounding, but in patients with moderate and severe wounding, a decrease
in hormone levels was found. Such a drop compared to initial levels may
indicate certain changes in the body’s neuroendocrine response to trauma.
Aldosterone level increased in severe wounding persons 14 days after injury
in the absence of bleeding, which confirms the long-term and cumulative
effect of trauma on the activity of the renin-angiotensin-aldosterone system.
Conclusions. A positive dependence of hormonal stress indicators on the
severity and duration of wounding in male combatants was established. It is
advisable to continue studying the levels of cortisol, aldosterone and ACTH
with the involvement of a larger number of wounded people, detailing
the location of wounding, the «endocrinological» history of the patients,
neurological and mental status, parameters of homeostasis system.
Keywords: hormones, combatants, wounded surface, post-traumatic
stress disorder.
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A.M. Yp6aHoBMvY,

XapaKkTep (DYHKUIOHAMbHUX — An sercumense
MOPYLLEHb LLMTONOAIOHOI
3aMn031 B NaL|EHTIB I3
LlyKpoBuM fiabeTom 2-ro Tuny
Ta NlabeTnyHoto xBopoboto
HUPOK

JIbBIBCbKMI HALIOHaNbHUI MeAnYHNA yHIBEpCcUTeT iM. [lanuna fanuuybkoro

Pesiome. Llykposuii aiabet 2-ro Tuny (LI12) € HaNoWMpPeHilLmMm MeTaboniuHMM 3aXBOPIOBAHHAM, fAKe MPU3BOAUTL 10 YMCTEHHIX
yCcKnaaHeHb. [liabetyHa xgopoba HUpoK (IXH) € 0AHUM i3 HaYaCTIWWX XPOHIUHUX YcKknaaHeHb LI Ta oxonnioe dyHKUioHanbHi,
CTPYKTYPHi Ta KNiHiYHi nopyLueHHs HUPOK. Y nauienTis i3 [IXH uacTo cnoctepiraetbea AncyHKUIA WmtonoaioHoi 3ano3u (LL3), aka
YCKNAHIOE BXe HafBHI MeTaboniuHi nopyLeHHs. MeTa po6oTu: foCnianTh XxapakTep GyHKLiOHanbHYX nopyLeHs L3 B naviexTis
i3 L2 Ta 1XH. Matepian i meToaw. Y gocnimpxeHHa byno sknoueHo 125 nauienTis i3 L2 Ta XH. MauiexTtis 6yno po3nineHo
Ha TPV rpyni 3rigHo 3i CTyNeHeM pr3unKy nporpecyBaHHa AXH. [pyna 3 nomipH1M pri3vkom (rpyna 1) BKtouana 76 ocib, rpyna 3
BMCOKMM PU3VKOM (rpyna 2) Mana 33 y4acHMKa, a rpyna 3 fiye BICOKMM pri3vkom (rpyna 3) ob'eaHysana 16 ocib. Bcim yuacH-
kam Byno Br3HaueHo iHaekc macu Tina (IMT) Ta npoBeaeHo nabopaTopHi AOCNIAKeHH, a came: rikoBaHwi remornobit (HbATc),
3arasnbHUi XONecTepyH, KPeaTuHiH, CeUOBHHY, TMPEOTPOMNHUIA ropmoH (TTT), BIbHWIA TPUAOATUPOHIH (BT3), BiNbHWUA TMPOKCUH
(8T4). [inA oUiHKM GYHKLIOHANBHOMO CTaHy HUPOK B0 PO3paxoBaHo WBMUAKICTL Kayboukosoi dinstpauii (plLUK®) Ta Br3HaueHo
cniegigHoweHHa anbbymiH-kpeatuHiHy (CAK). PeynbraTu. 3a gaHumy focsigxkeHHs 6yno BCTaHOBEHO, LLO YacToTa NPOrpecy-
BaHHA [IXH 6yna suLioto cepef iHoK. CepenHilt Bik YCix NauieHTIB CTaHOBMB 56+0,77 POKY; OfHAK, BULLA PH3UK NPOTPEeCyBaHHs
[IXH cnocTepiraBca nepeBaxHo B 0Cib cTapwioro Biky (55,1140,91, 57,9341,56 1 61,13+2,28 poky BianosigHo; p<0,01); a Takox
y NauienHTiB i3 goBuwoto Tpueanictio LUA2 (7,75+1,31, 8,39+0,84 1 10,15+1,23 poky BianosiaHo; p<0,01). Y BCix yuacHKiB gocni-
IPKeHHA Byno BUABNEHO OXMPIHHA (IMT>30 Kr/m2) Ta Manu He3a0BINbHWIA FikeMiyHMiA KOHTPOMb L2, ockinbky piseHb HbATC
nepesullyBaB 9% (p<0,05). BaxnnBo BiA3HauMTK, WO pPiBEHb 3arafibHOrO xonectepuHy OyB MIABMLIEHWIA nuwe B rpyni
2 (6,07+0,29 mmonb/n) i rpyni 3 (6,11+0,36 Mmonb/n) (p>0,05). Y po3rnaHyTix rpynax naljieHTis BUABNEHO NIABULLEHHA PIBHA
MOKa3HMKIB (YHKLIOHANbHOTO CTaHy HUPOK, TakuX AK KpeaTuHiH (85,93+1,98, 102,02+3,71 1 133,82+6,52 MKMOAb/N), CEYOBYMHA
(5,3440,99, 6,260,3319,3540,87 mmonb/n) Ta CAK (120,85+7,09, 214,00413,401334,38+17,15 mr/r) (Ana BCix NoKa3Hukie p<0,01).
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TakoxX BigMiveHo 3HWKeHHs piBHa pLUKD y Bcix rpynax (79,11+1,75, 60,76£2,78 i 41,33+2,34 mn/xs/1,73 M2 BIANOBIAHO;
p<0,01), WwWo Binobpaae CTyniHb pu3vky NporpecyBanHa [XH. Takox, BapTO 3a3HauNTVI B YCix rpyrnax nocTynose niABLLEHH:
piBHA TTT (2,6940,35, 3,12+0,57 14,89+0,80 MkMO/mn; p<0,05) Ta BoAHOUAC 3HWKEeHHA piBHA BT3(2,48+0,21,2,35+0,36i 1,18+
+0,15 nr/mn; p<0,05) i 8T4 (15,03+1,21, 12,40+1,81 1 6,14+0,83 nmonb/n; p<0,05) NponopLiiHi CTyneHto pusrky nporpecy-
BaHHA [[XH. BucHOBKM. BcTaHoBneHo, Lo B nauierTis i3 L2 a IXH cnocTepiraeTbca nopylueHHa dyHkuii LL3, wo npossna-
€TbCA 3MiHaMI PIBHA TMPEOIAHYX FOPMOHIB, | CBIAUNTL NPO B3aEMO3B'A30K MiX GyHKUielo LL3 Ta nporpecysanHa [IXH. Came
TOMY BaXKNMBO BYACHO AiarHOCTYBAT/ Ta 3anobiraTii PO3BUTKY LUX 3aXBOPIOBAH.

KniouoBi cnoBa: LiyKposuii fiabeT 2-ro Tvny, fiabeTuyHa xBopoba H1POK, PO3paxyHKOBa LBIAKICTb KAy6ouKoBol dinbTpaLi,

CNiBBIAHOLWIEHHSA anbOyMiH-KpeaTUHIHY, TUPEOIAHI FOPMOHMU.

[1/I2 — xpoHiyHe TOCTyTaTbHe 3aXBOPIOBAHHS,
IO XapaKTepU3y€eTbCs IOPYIIEHHAM YCiX BHUIB
0OMiHy Ta IPU3BOIMTD O CTIHKOI rimepriikemii. 3
orJisity Ha riobasibHe 30iTbIIIeHHS YaCTOTH Ta TPH-
Bastocti [1/]2, crioctepiraeThest 3pocTanys MONIMpe-
nocti JIXH [1].

PesysbraTi monepenHix A0Ci/KeHb ITiTBEp-
KytoTh, o JIXH € oxHum i3 HaiibiibIn cepiios-
Hux yckiajaHeHb [1/[2 ta € mpoBiiHO0 TPUYNHOIO
BIIEpIIEe [IarHOCTOBAHWUX BUIMAJKIB TePMiHATbHOI
crazii HuUpKoBOi HexpocTtaTHOocTi [2]. IlaTorenes
JIXH e 6araTodakTopHUM i BKJII0Ya€ MeTabo/IiuHi,
reMOIMHAMIYHI Ta TeHeTUYHI TopymieHHs: 3], a cam
PO3BUTOK IIHOTO CTAHy MOJKE BiI0YyBATUCS Pi3HIUMU
HIJITIXaMH, 30KpeMa albOyMiHyPIHHUM Ta Healb0y-
MiHYpilTHUM [4].

ITposiBom JIXH € criiike 36i/bIeHHS BUALIEHHS
6iska 3 cedero Ta mocrytnasibhe 3uskenHss pIITK®.
3rinno 3 pexkomenganigsmn KDIGO 2022, JIXH
KkJacu@ikytOTh 3a CTYIIEHEM PU3UKY ITPOrPeCyBaH-
H$1, BAKOPUCTOBYIOUH TIOETHAHHS KaTeropiit anboy-
Mminypii Ta pIIIK®D. Po3pisusiors yoTrpu cTyreHs
PU3UKY: HU3bKUI, IOMIPHUI, BACOKUH Ta Jy’Ke BU-
cokuii [5]. Boru Bizo6paxkaioTh CTYIiHb BaKKOCTI
3aXBOPIOBAHHS Ta MOTEHITINHI HACTIAKYU IS TMalli-
enTiB i3 I1/12.

Komruiexe MetabosiiuHIX MOpyIieHb, XapaKTep-
vux s JIXH, BusBisie sHaunmnii BjauB Ha (PyHK-
IIOHYBaHHS 1HITNX opraniB Ta cucteM [6]. [Topis-
HSHO 3 yciMa iHIMUMM MiKPOCYIMHHUMM YCKJIaJ-
wenasamu [1/12, JIXH y 4,8 pasa uacrinie crnpu-
YUHAE€ BUHUKHEHHS mopymieHb ¢ynakmiin 1113 [7].
[Mamientn 3 mocrynanpaoo /IXH matoTh 3HauHO
BUIILY IOIIUPEHICTh MEPBUHHOTO HEe aBTOIMYHHOTO
rinoTUPeo3y, HiXK MAI[IEHTH 3 IHINIUMU BUJAMU HUP-
KoBoI HegocTatHocTi [2]. JIXH Mae komGiHoBaHMIA
BILJTUB Ha rinoTasamMo-rinodisapHy Bich Ta mepude-
puuny peryJsiito gynxkiii 113 [6].

Hupku BigirpatoTh BaKJIUBY POJib y PETYJISIIil
MeTaboJ1i3My Ta esliMiHalii MikpoeJieMeHTiB Ta rop-

moHiB II[3. Boau cripuyuHA0TH TiABUIIEHHS KOH-
IEHTpallil HEOPTaHiuHOTO Ta TUPEOINHOTO HOAY B
cupoBatiii Kposi namienTis i3 JIXH. Ile moske mpu-
3BeCTH JI0 TO/IoBKeHHs edexty Bosbda-YaitkoBa
Ta CIIpUATH po3BUTKY aucdynkiii 13 [2].

Topmonu, sixi npoaykye 113 € HeobXigHUMU
s MeTaboJIi3My, 30KpeMa I peryJsiii pis-
HST TJIIOKO3W Ta IHCYJIiHY B KPOBi, 3a0e3neueHHs
€HepPreTUYHOIro TOMeoCcTasy Ta IMiITPUMKY BOJHO-
esieKTposiTHOI piBHOBaru [8]. TupeoigHi ropmo-
HU BILUIMBAIOTDH HA IMPEpPeHasbHi Ta NpsiMi HUPKOBI
(dbynxiii, perymooun HUPKOBUN KPOBOTIK, Ka-
HaJbIEBY peabcopOIlito, BOAHO-EIEKTPOIITHY PiB-
HOBary, akTUBHICTb PEeHIH-aHTIOTEeH3MH-AJIb/I0CTe-
ponoBoi cuctemu ta pIIIKD [2].

[Hopymennst gynkuii 1113 npusBoauTh g0 Na-
ToJsioTiyHOi perysAiii ropmoniB I1[3. 3menten-
Ha aktuBHOCTI 1I[3 (rimoTtupeos3) mpusBOaUTDH /10
PO3BUTKY TrineprJikemii, rinepsimiziemii, 3HUKEH-
s pIIK®D, rimonarpiemii, a TakoxX 36iJbIICHHS
eKcKpellil Oijika Ta 3MeHIIEeHHsI eKCKpellii Boau 3
ceuero. lnepdynkmisa 1113 (rineprupeos) cipuun-
HSE€ TIMeprJiKeMilo, rinepiHncyaiHeMito, TiBUIICH-
Hs1 pIIIK®D, 36i1bl1eHHS HUPKOBOIO KPOBOTOKY Ta
361bIeH s TIpoTeTHeMii [9].

Muchynknia I3 Ta JIXH B3aemonos’s3aHi,
Tox 3mina pynkiii 113 Mmae 3HauHMIT BILIWB Ha T1e-
pebir ta mporHos possutky I XH.

Meta po60TH — J0CHIAUTH XapakTep (PYHKIIO-
HanpHUX TopymieHdb 1113 y mamientis i3 [[/[2 Ta
JIXH.

Marepian i MmeToau

Hab6ip narienTiB 1711 TOCIKEHHS TPOBOANBCS
Ha KJIiHiuHiT 6a3i kadenpu enaokpuHOIOTIT JIHBIB-
CHKOTO HAIliOHAJBHOTO MEJAMYHOTO YHiBEPCUTETY
im. Jlanwmra Tamuibroro — JIbBiBcbKOMY 06J1acHO-
MY JIepKaBHOMY KJIHIYHOMY JIiKyBaJbHO-/[iarHOC-
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TUYHOMY €HJIOKPUHOJIOTIYHOMY 1IeHTPi 3a mepiof 3
miotoro 2022 p. o kBitenb 2023 p. Kniniune pocoi-
JUKeHHsI OyJI0 cXBaJieHe KoMici€ero 3 6ioeTnku JIbBiB-
CHKOTO HAIIOHAIBHOTO MEMYHOTO YHIBEPCUTETY
im. Jlaamna Tammneroro (IIpotokos Ne 1 3aciianus
BUEHOI paji MeauuyHOTrO (hakyabrety Ne2 JIbBiB-
CbKOI'O HalliIOHAJIbHOTO MEIMYHOTO YHIBEPCUTETY M.
HMannna Tammmbroro Bix 31 civas 2022 p.). Jdocai-
JUKEHHS TTPOBOIMIIOCS JIATIE 32 YMOBU i TTCAHHS
106POBiTHHOT iH(OPMOBAHOI 3T0/IH MAIliEHTA.

Bci yuacHWKM MOBUHHI BiJITOBIIaTH KPUTEPISIM
BKJIIOYEHHsI, a came: Bik 35-70 pOKiB, BCTAHOBJIEHU I
niaruos [1/12, mopymuienns GyHKITIOHATBHOTO CTAaHy
HUPOK, SIKi TATBEP/sKEeH] 1TabopaTOPHUMU METO/1a-
mu pocimkerns (pIIIK®D >30 mu/x8/1,73m2, ajib-
6yminypist >30 mr/r). [lamieHTr Ha MOMEHT OTJISILY
3aCTOCOBYBAJIM IYKPO3HUIKYBAJIbHY Tepartiio.

Jlns ananizy oTpUMaHMX CTATUCTUYHUX JAHUX
TMOPIBHIOBAJIN JIaHi MiXK /IBOMa I'PyTIaMU, BUKOPUC-
ToByloun t-kputepiii CrbiogenTa. CTaTHCTHUHY
00pOOKY MaTepiasiB JOCIIPKEHHST TTPOBOIUINA 3
BUKOPUCTAHHSIM METOJiB GIOMETPUYHOTO aHaJi3Yy,
peasidoBaHuX y makerax rporpam SPSS Bepcii 21.
[106 Bcranosuty xapakrep 3min 113 tpu I1/12 Ta
JAXH, mu po3paxyBajan HECKOPUTOBaHI 11 CKOPUTO-
BaHi MOKa3HUKW W BiAnmoBigHuii iMm 95% mnoBipunii
iHTepBaJa 3 HECKOPUTOBAHUMU W CKOPUTOBAHUMU
MOJIEJISIMU JIOTiCTUYHOI perpecii. CtaTucTuyHa 3Ha-
gyticTh Oysa BcraHoBeHa Ha p<0,05. Pesysbratn
npejcTaBieHi sk MEm.

[Tpu pobori 3 mariearamu, OyJia 3ibpana indop-
Mallisg 100 aHAMHe3y KUTTS Ta 3aXBOPIOBAHHS.
3okpema, Oy/Iu MPoBe/IeHI aHTPOITOMETPUYHI BUMi-
proBanH4 /i Bu3HaueHHs IMT [10].

Jls pocipkenns 3a6ip KpoBi IPOBOAUBCS IIic-
st 10 rox rosonyBarHsa. KoskHOMY TaIlieHTy TIPO-
Be/ICHO 3aTaJIbHUM aHaJi3 KPOBI Ta 3araJbHUN aHa-
Ji3 ceui. XpoMarorpaiyHuM MeTOJ0M BU3HAYEHO
HbA1c, 3a nomomoroio Habopis pearenti «D-10™
Dual Program HbA» («BIO RAD», CIIIA). Bioxi-
MIiYHUM METO/IOM 3a JIOIIOMOI010 HabOpiB peareHTiB
«Monlab Test»> («Monlaby», Icnanist) BusHaueHo
piBHI 3araspHOrO XO0JecTepuny (pedepeHTHe 3Ha-
yeHHs: <5,2 MMOJIb/JT), KpeaTuHiny (pedepenTHe
3HavenHs: 53,0-123,7 MxkMoJib/71) i cedoBuHu (pe-
(dbepenTHe 3HAaYEHHS: 2,5-7,5 MMOJIb/JT).

JlonatkoBo  pocripkyBanu  (DyHKITIOHATBHUIT
cran I3 wmeromom iMyHO(hEPMEHTHOTO aHATI3y
(IDA) 3a tomromoroio Habopis peareHTiB «NovaLisa»
(«Novalec», Himeyunna): Bu3Hauajiu piBEHb
TTT (pedepentne snavenns: 0,4-4,0 mxMO /M),
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BT, (pedepentne smavenma: 1,4-4,2 mr/mn) i
BT, (pedpepentne snavenns: 7,0-22,0 nmoJb /).

pIIIK® pospaxoBysasmu 3a popmyioo Chronic
Kidney Disease Epidemiology Collaboration
(CKD-EPI) [1, 5]. CAK Busnauaiu 3a JI0IO-
Moroo cmykok «MicroalbubuPHAN» («Erba
Mannheim», Yexist) a5 HaIiBKiJIbKICHOrO BU3HA-
YeHHs aJbOyMiHy Ta KpeaTHUHiIHY B paHilIHiii ceui.
[aTepriperyBamm pesyabsraté 3a pomomoroio CAK
[1,5].

Tocnipkennda Briatodano 125 marientis, Axkux
PO3JLIUJIN Ha TPU TPYIH, BiJIMOBIAHO /10 CTYIIEHIB
pusuky tmporpecyBanusa JIXH kaiHIYUHUX peko-
menganiiin KDIGO Diabetes Working Group 2022
(ta6a. 1): rpyna 3 nomipaum pusukom (rpyma 1)
BKJIfOYasa 76 ociod, rpyma 3 BUCOKMM PU3UKOM (TPy-
na 2) majna 33 yJYacHUKH, a TPyIa 3 JysKe BUCOKUM
pusukoMm (rpyma 3) o6’exnysana 16 ocib.

Ta6nuua 1. CryneHi pu3nky nporpecysaHHs
Table 1. Stages of risk for DKD progression

Kateropii pLLK®, mn/x8/1,73m?
eGFR categories, mL/min/1.73 m’

Kareropii anb6yminypii (CAK), mr/r
Albuminuria categories, mg/g

A1l A2 A3
HOPMO-  MIiKpO-  MaKpo-
normal- micro-  macro-
<30 31-299 =300

G1 =90 HopmanbHa 1 1 2

G1>90 normal

(G2 89-60 HE3HaUHO 3HMXEHa 1 1 2

G2 89-60 slightly decreased

G3a 59-45 NoMipHO 3HKKeHa 1 2 3

G3a 59-45 moderately decreased

G3b 44-30 BrpaxeHo 3HWKeHa 2 3 3

G3b 44-30 significantly decreased

[pumimka: 1 —nomipHul pusuk, 2 — 8ucokuti pusuK, 3 — dyxe BUCOKUU PUUK.

Note: 1 —moderate risk, 2 — high risk, 3 — very high risk.

Pe3ysbrati Ta 00rOBOPEHHS

CepeJl ycix JIOCTI/IKYBaHUX YYaCHUKIB, Cepejl-
Hill Bik cranoBuB 56,63%0,77 poxy. Kiiniko-nabo-
paropHi mapamMeTpu OOCTEKEHUX TPYI IMAIli€HTIB
HaBejieHi B TabGa. 2. BeranosiieHo, 110 crocrepira-
€ThCst 301IbIIeHHsT pusnKy tiporpecyBants JIXH y
MAI[iEHTIB CTAPIIIOTO BiKy Ta 3 JIOBIIOIO TPUBAJICTIO
[1/12. BapTo BisgHaunTH, M0 B MAIIEHTIB, IKi Ma-
ioth 1[/I2 B anamHe3i ToHaZ S POKiB, criocTepira-
IOThCS He JINIe HOTO MIKPOCYANHHI YCKJIATHEHHS,
ane i mucohynkiig 3 [9]. ¥V mochimkenux rpy-
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Hax KiJIbKiCTh JKiHOK Ta YOJIOBIKIB OyJia IpakThy-
HO o/tHaKoBoIO (64 1 61 BiAMOBIHO), 1O CBIAYNTD
PO PiBHUI PO3NOJIJ CTaTeBUX KaTeropiii cepe
yuacHukiB. IIpore, ananisyoun y4acHUKIB Tpynu
3, BUSIBJICHO, 1110 KiHOK OyJsi0 BTpuyi Oisbiie, Hix
YOJIOBIKiB, 1110 MOKe BKasyBaTH Ha ILIBU/IIIIE TIPO-
rpecyBanns JIXH y xiHOK.

Tabnuua 2. KniHiuHi XapakTepucTUKKM B MaUi€EHTIB Pi3HMX rpyn i3
[OXH (M+m)

Table 2. Clinical characteristics in patients of different groups with
DKD (M+m)

Xapaktepuctuku fpyna 1 lpyna 2 lpyna3

Characteristics Group 1 Group 2 Group 3
(n=76) (n=33) (n=16)

Bik, pokm 55,11+£091  57,93+1,56" 61,13+2,28*

Age, years

TpviBanicTb LI, pokn 7,75+131 8,39+0,84 10,15+1,23%*

Duration of diabetes, years

Yonosiku, n (%) 43(56,6%)  14(424%) 4 (250%)

Male, n (%)

KiHkK, n (%) 33(434%)  19(57,6%)  12(75,0%)

Female, n (%)

IMT, kr/m? 3141067 31,230,771  31,54+0,90

BMI, kg/m?

HbA1c, % 9,27+0,20 9,53+0,42"  9,91+0,39%***

3arasnbHuii xonecTepuH, 5,55+0,22 6,07+0,29 6,11+0,36

MMOJIb/N

Total cholesterol, mmol/L

KpeaTvHiH, MKMOnb/N 85,93+198  102,02+3,71% 133,82+6,52%*

Creatinine, umol/L

CevyoBMHa, MMONb/N 5,34+0,99 6,26+0,33"  9,35+0,87**

Urea, mmol/L

pLIKO, mn/xs/1,73m? 7911175  60,76+2,78"  41,33+2,34%*

eGFR, mL/min/1.73 m?

CAK, mr/r 120,85+7,09 214,0+13,40" 334,38+17,15%*

UACR, mg/g

TTT, MKMO/Mn 2,6940,35 3,120,557  4,89+0,80%*+*

TSH, plu/mL

BT, nr/mn 2,48+0,21 2,35+0,36 1,18+0,15%%++

FT,, pg/mL

BT, nMosb/n 15,03+1,21  1240+1,81  6,14+0,83*%+

FT, pmol/L

lpumimka: 8ipoeioHa pizHuys * - p<0,01 i* - p<0,05 NopieHAHHA Mix 2pyna-
Mu 1i2; 8ipoeioHa pizHuya * - p<0,01 i ** - p<0,05 NopigHAHHA Mix 2pynamu
1i3; 8ipoioHa pizHuya * - p<0,01i*+ - p<0,05 nopisHAHHA Mix epynamu 2 i 3.

Note: significant difference * - p<0.01 and * - p<0.05 comparisons between
groups 1 and 2; significant difference * - p<0.01 and ** - p<0.05 comparisons
between groups 1 and 3; significant difference * - p<0.01 and ** - p<0.05
comparisons between groups 2 and 3.

Mix mopiBHIOBaHUMU TPyIaMu He OYJIO BUSIB-
JieHo cyTTeBoi piznuti o0 IMT, npote B ycix na-
mientiB IMT=30 kr/m?, 1110, 3riiHO 31 cTaHAapTAMU
BOO3, Brasye Ha HasiBHiCTb 0skupiHHA [10].

Pisenb HbAlc y Bcix rpymax >9%, 1o cBij-
YUTH PO HASIBHICTH HE33/[0OBIJIBLHOTO TJIIKEMIYHOTO
kouTpoJio 11/12 Ta moTeH11iitHO BIJIMBAE HA TPOTPe-
cysants JIXH. He 6ys10 BUstBII€HO BipOTiIHUX 3MiH
I10/10 BIIJIMBY 3araJibHOTO XOJIeCTEePUHY Ha Iporpe-
cysanss /IXH, xoua crioctepiranacs TeHAEHITIS 10
HiJIBUIIIEHHS cepe/l A0CTi/IKYBaHUX IPYIIL.

Bugsneno critiky 3MiHy TOKa3HUKIB (yHKITO-
HAJIbHOTO CTaHy HUPOK Yy TAIIEHTIB i3 BUIIUM PU3U-
koM JIXH, o npogemoncrposano B Tabr. 2. Ile Bino-
Gpaskae TIiIBUIIIEHHS PIBHIB KpeaTHHIHY Ta CEYOBHHH,
IO CBiTYUTBD TIPO iX HAKOITMYEHHS B KPOBi, BHACIIOK
ypakeHHsT HUPKOBUX KyboukiB. [TocTymasnbie 3Hu-
skerns piBas pIIK® i nigsumenns pisust CAK Bka-
3y€ Ha YIIKO/PKEHHS Ta TIOPYIeHHs (piibrpaliiiiHol
(bYHKIIT KIyOOUKiB, 10 CIIPUYHHEHE TTATOJOTTYHUMU
3MiHAMM B CTPYKTYPi HUPKOBUX TKAHWH.

Pigenp TTI mponopiiiiHo miABUIIYETHCS, Bijl-
noBigHO 110 crynenst pusuky JIXH (taba. 2). Ile
MO)Ke OyTH 3yMOBJIEHO HEraTHBHWM BILJIMBOM Ti-
MeprjikeMii Ta MOPYHIeHHAM (YHKIIOHATBLHOTO
CcTaHy HUPOK Ha rinmoTajamo-rinodizapHy Bick, a
came niopytiensst Bianosigi TTIT na pusnisunr rop-
MoHU; 30isbIeHHsT niepioy HamiBBuBemeHHst TTT
Ta 3MeHIIenHs HivHoro mika TTT, BHACAIIOK 3HU-
skenns pIIIK®D [9, 11, 12].

Konnenrpauii BT, ta BT, y kpoBi memoncrpy-
I0Thb BUPa)KEHY CIQJHy TEH/EHIII0 B YCiX rpymnax
(tabs. 2). Tinepriikemis 3HUKYE aKTUBHICTH TH-
POKCHH/IEHO/IMHA3U, IO TNPUTHIYYy€e mnepudepud-
He JIeKO/lyBaHHS THUPOKCHUHA /10 TPUHOATUPOHIHA
B TeviHIl hepMeHTOM JlefiofnHa3zu 3-ro tumy [9].
3umwkennst plIIK® npusBoauTh 10 HAKONUYEH-
Hs 3aMaJbHUX ITUTOKIHIB, O YIOBIIBHIOIOTH €KC-
npecifo 5’-aeioarnHasH, 110 TaKOK MPU3BOAUTD 0
3HUZKEHHST IepuhepUuyHOro MepeTBOPEHHS TUPOK-
cura B TpuiioaTupoHin [12]. TinoansOyminemis,
SIKa € HACJIIKOM aJbOyMiHYpil CYIPOBOIKYETHCS
SHMIKEHHSIM PiBHS OLIKIB, SIKi 3B’3YI0Th THPEOI/I-
Hi TOPMOHU (THPOKCUH3B SI3yBaJIbHUN TJIO0YJIiH,
TPAHCTUPETHUH) Ta TPU3BOAMUTD /10 3HUKEHHS PiBHS
8T, i BT, y mnasmi kposi [13, 15]. Engorenianbha
nucdyHKIg, 9k ocHOBHUN ckyaagHuk JIXH mozxke
BIUIMBATH HA CUHTE3 Ta OOMIH THPEOiTHUX TOPMO-
HiB, 30KpeMa 3HIKylo4un pisenb BT, [14].

[Toxi6bui Tenpeniii 6y10 BUSABIEHO B IOKa3HU-
KaxX (DyHKITIOHATBHOTO CTaHy HUPOK, a caMe: Bipo-
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TijiHe TiBUIeHHST PiBHA (KpeaTuHiHY, CEY0BUHU,
CAK) ra Biporigne sumkenns pIIIK® y narienris
i3 migBumenuam crynens pusuky JAXH [8]. Kpim
TOTO, narienTu 3 nporpecyBannsam /IXH nokazanu
sHauHo Bumui piBerb TTT i Huskuwii piserb BT,
IIlomo xonmentpamii BT, xoua Gyna mpoxemon-
CTPOBaHa TEHJIEHIIis /10 3HW)KEHHs, PI3HUII He J10-
csraNa CTaTUCTUYHOT 3HAYYIIIOCTI.

Ommcani cxX0Ki 10 HANMUX Pe3yJIbTaTiB BUIINNA
piserb TTI i Husbkmii piBerb BT,y manienris i3
BUIIMM CTyTleHeM pU3uKy mnporpecyBanHgam J[XH
[16]. IIpoTe 11e mociKeHHS He TPOJIEMOHCTPYBa-
JI0 3HMKeHH PiBHA BT, a HaBIIaku — 0T0 IIOMipHe
T IBUATIICHHS.

Bucnosknu

AXH € nailyacTinium XpoOHIYHUM YCKJIQJHEH-
wam I1/[2, gke crnpuunsge nopyiieHHs (QyHKII
[I13. TIpu mpoBemenHi anamizy xapakrepy (GyHK-
mionaspHUX mopymiend 13 B mamientis i3 JAXH
cepell JIOCIIKYBAaHUX TPYII, PO3NOIJIEHUX BiJINO-
BIJIHO 10 CTyTeHiB pusaukKy mnporpecyBanusa /[ XH,
3p0o0JIEHO HACTYTIHI BUCHOBKH.

1) HIBuake mnporpecyBanns JIXH wacrime cro-
CTepiraeThCs B MAIIEHTIB CTAPIIOTO BiKy Ta 0Ci0
JKIHOYOI CTaTi; a TaKOXK y XBOPUX i3 TPUBATUM
nepebirom Ta gekomiencaitieio 11712,

2) He BusBIEHO BIipOTiIHUX 3MiH 100 BILIUBY
IMT Ta 3arasbHOTO XOJeCcTepuHy Ha MPOrpecy-
BanHs /IXH cepen yuacHUKIB 1OCTiKEHHSI.

3) IlinTBepmskeHO MOCTYyTAMbHE TIBUINEHHS PiB-
ua TTT, BiiIoBiIHO /10 CTYTIEHST PU3UKY TTPOTrpe-
cyBannsa JIXH.

4) Buasneno nocrynose sunKkenns pisas BT, Biz-
MOBI/THO /10 TIOTipIIeHHs (hYHKITIOHAJIBHOTO CTa-
HY HUPOK.

5) Mmosipro, mo marodisionoriuni MexaHizm,
axi BigOyBaiorbes npu JIXH, npussBoadrs i 10
HIBUIKOTO 3HUKEHHA PiBHA BT, y KPOBI.

[li pe3ysibTaTit MOKYTh MOKPAIATH PO3YMiHHS
BBy 11/12 ta JIXH na dynkiito 1113 ta migreep-
JUKYIOTh HEOOXiIHICTh PeryJsipHOro MOHITOPHH-
ry dynkiii 13 y mamienTis i3 [[/[2 ta AXH nna
CBOEYACHOTO BUSBJIEHHS Ta JIKYBAHHS MOKJIUBUX
TTOPYIIIEHb.
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JXH — piaGetnana xBopoba HUPOK

IMT - innekc macu Tina

pIIK® — po3paxyHKOBa MIBUAKICTb KIyOOUKOBOI (iibrpartii
CAK - criBBigHOIIEHHS aMbOYMiHY 10 KpeaTHHIHY B cedi
TTT — Tupeorponumii ropMoH

II/12 — uykposwuii giabet 2-ro Tuiry

I3 — muTonoxibHa 3amo03a

HbA1c¢ — riikoBaHuii reMoriio6in

Character of thyroid dysfunction in patients with
type 2 diabetes and diabetic kidney disease

A.M. Urbanovych, A.P. Vereshchynska
Danylo Halytsky Lviv National Medical University

Abstract. Type 2 diabetes (T2D) is the most common metabolic disease
that leads to numerous complications. Diabetic kidney disease (DKD) is
one of the most frequent chronic complications of diabetes mellitus
and includes functional, structural, and clinical disorders of the kidneys.
Patients with DKD often have thyroid dysfunction, which complicates pre-
existing metabolic abnormalities. The aim of the work is to investigate
the character of thyroid dysfunction in patients with T2D and DKD.
Material and methods. 125 patients with T2D and DKD were included
in the study. Patients were divided into three groups according to the risk
degree of DKD progression. The moderate-risk group (group 1) included
76 people, the high-risk group (group 2) had 33 participants, and the
very high-risk group (group 3) included 16 people. Body mass index was
determined for all participants, and laboratory tests were performed,
namely: glycated hemoglobin, total cholesterol, creatinine, urea, thyroid-
stimulating hormone, free triiodothyronine, and free thyroxine. To assess
the functional state of the kidneys, the estimated glomerular filtration rate
was calculated, and the albumin-creatinine ratio was determined. Results
and discussion. According to the study, the rate of DKD progression
was higher among women. The average age of all patients was 56+
+0.77 years; however, a higher risk of DKD progression was observed
mainly in older individuals (55.11£0.91, 57.93+1.56 and 61.1342.28 years,
respectively; p<0.01), as well as in patients with longer duration of T2D
(7.7541.31, 839+0.84 and 10.15+1.23 years, respectively; p<0.05). All
study participants were found to be obese (body mass index >30 kg/m?)
(p=0.43) and had unsatisfactory glycemic control of T2D, as the HbA1c
level exceeded 9% (p<0.05). It is important to note that the level of total
cholesterol was increased only in group 2 (6.07+0.29 mmol/L) and group
3 (6.11+£0.36 mmol/L) (p>0.05). In the considered groups of patients,
an increase in the level of indicators of the kidney functional state, such
as creatinine (85.93+1.98, 102.02+3.71 and 133.82+6.52 pmol/l), urea
(5.34+0.99, 6.26+0.33 and 9.35+0.87 mmol/L) and albumin-creatinine
ratio (120.85+7.09, 214.0+13.4 and 334.38+17.15 mg/q) (in all indicators
p<0.01). A decrease in the level of estimated glomerular filtration
rate was also noted in all groups (79.11+1.75, 60.76+2.78 and 41.33+
+2.34 mL/min/1.73 m? respectively; p<0.01), which reflects the degree
of risk for DKD progression. It is also worth noting the gradual increase in
the level of thyroid-stimulating hormone in all groups (2.69+0.35, 3.12+
+0.57 and 4.89+0.80 plU/mL; p<0.05) and at the same time the decrease
in the levels of free triiodothyronine (2.48+0.21, 2.35+0.36 and 1.18+0.15
pg/mL; p<0.05) and free thyroxine (15.03+1.21,12.40+1.81 and 6.14+0.83

pmol/L; p<0.05) are proportional to the degree of risk for DKD progression.
Conclusions. It was found that in patients with T2D and DKD, thyroid
dysfunction is observed, manifested by changes in the level of thyroid
hormones, and indicates the relationship between thyroid function and
the DKD progression. That is why it is essential to diagnose and prevent
the development of these diseases in a timely manner.

Keywords: Type 2 diabetes, diabetic kidney disease, glomerular filtration
rate, urinary albumin to creatinine ratio, thyroid hormones.
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B.b. lUaTuno’,

Bnnue cTpecy, NOB'A3AHOI0 3 << acanens

A.B. NMucapyk’,

BIHOIO, Ha CTaH BYrMEBOAHOIO to-cwor.
i NINIAHOT0 00MIHIB Ta TEMM e
meTabomiyHoro cTapiHwae T 7

IIHOK PI3HOrO BIKY

'Y «IHcTuTyT reponTonorii im. [1.0. YeboTapboBa HauioHanbHoi akafiemii MeAMYHIX Hayk YKpaiHu»
’HauioHanbHUIN TeXHIUHUIA yHiBepcuTeT YKpaiHy «KWiBCbKWiA NOAITeXHIUHUIA IHCTUTYT iM. Iropa CikopcbKoro»

Pe3tome. XpoHiuHNii CTpec € GakTopoM pr3nKy PO3BUTKY MOPYLIEHb NiMiIHOTO Ta BYTNEBOAHOTO OOMiHY, OXUPIHHA Ta LiyKPOBOTO
niabety 2-ro Tvny (LJ12). MeTa po6oTu nonArana 8 ouiHLj CTaHy BYreBOAHOIO i NinigHOr0 0OMIHIB Ta Temny MeTaboniyHoro
cTapiHHA (MC) y UMBINbHUX XIHOK Pi3HOTO Biky Nig Yac BilHK. MaTepian i meTogu. O6cTexeHo 91 xiHKy Pi3HOTO Biky, AKI Nif yac
aKTVIBHIX BOMOBUX i1 Y loToMy i1 Gepe3Hi 2022 p. 3a3Hanu BNAMBY Takux GaKTOPIB BiliHU AK PaKeTHI Ta apTunepiiicbki 0bcTpiny,
nepebyBaHHA B GOMOOCXOBULLIAX UM IHWWX YKPUTTAX. [InA NOPIBHAHHA BUKOPUCTAHO AaHi 79 iHOK pi3HOTO BiKy, 06CTEXeHNX A0
POCICbKO-YKPAIHCbKOT BiliH. BU3HauYany aHTPONOMETPUYHI MOKA3HWKI, KOHLEHTPALIIO I0KO3M B Ma3Mi KPOBI HaTLLe Ta Yepe3
2 rofl CTaHAAPTHOrO rMtoko30ToNepaHTHoro TecTy ([TT), piBeHb iHCYNIHY Ta KOPTU30MY B Ma3Mi KPOBI, PO3PaxoByBan iHAEKC
iHcyniHopesucTeHTHOCTI HOMA-IR. Pe3ynbTaTi. Y XiHOK, 06CTeXxeHX Nif uac BiliHM, CTAaTUCTUYHO 3HAUMMO BULLA KOHLIEHTPALiA
FNI0KO3M B KPOBI AK HaTLLE, TaK i yepe3 2 rof CTaHaapTHOro [T, iHCyniHy Ta BULWIA iHaeKC iHcyniHope3ncTeHTHoCTi HOMA-IR no-
PIBHAHO 3 PYNOK XIHOK, 00CTEXEHVX 10 BiliHW. 3aranbHuid 6an onuTyBanbHuKa FINDRISK Bkasye Ha 36inblueHHsA B HUX Pr3MKY
po3BrTKy L2 B Hainbnmxui 10 POKiB. Y XKIHOK YCix TPbOX BIKOBUX rpym, OOCTEXEHMX Mif Yac BiliHM, CTAaTUCTUYHO 3HaUMMO BHLLA
KOHLIEHTPaLiA B NAa3Mi KPOBI KOPTV30AY, HiX Y BIANOBIAHMX rPynax XIHOK, 0OCTEXeHX 10 BiliHU. BUABAEHO 3pOCTaHHA YacToTH
npeniabeTMyHMX NopylleHb ByrNEBOAHOMO 0OMiHY NOPIBHAHO 3 X YacTOTOK Nid Yac BilHW. MpuiwsuawerHa Temny MC nig yac
BIHM BifGYNOCH Y MONOAMX XIHOK ([0 45 POKiB) Ta *iHOK Moxmnoro Biky (60-74 pokis). BUCHOBOK. [OCTTpaBMaTUuUHUIA CTPeC,
MOB'A3aHNIA i3 BilHOK, MPW3BIB 0 MOPYLIEHHS BYrAEBOAHONO Ta AiNiAHOr0 0OMIHY. Bifibll 3HAUYHI 3MiHW CNOCTEPIraNNCh Y XIHOK
CTapLuoro Biky. i yac BiliHY B XIHOK 3pOCTaE YacToTa NpefiabeTyHNX NopyLIeHb BYrNEBOAHOTO OOMiHY, NiABMLLYETHCA PU3VK
po3BKTKy L2 B Habnvxyi 10 pokis, npuiBrAaLyeTbca Temn MC.

KntouoBi cnoBa: cTpec, BillHa, NOpyLIeHHA BYrNEBOAHOTO Ta NiNiAHOr0 0OMiHY, 6ionoriyHmiA BiK, Temn MeTaboniuHoro CTapiHHA.

© B.b. lllamuno, C.C. Hackanosa, A.B. lucapyk, E.O. AcaHos, O.B. boHoapeHko, H.M. Kowene,
.A. Juba, B.I. CninyeHko
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BiiicbkoBi pii, pyiitHyBaHHS iH(MPACTPYKTYpPH,
collia/IbHi MOTPSICIHHA Ta eKOHOMiYHa HecTabiib-
HIiCTh, $IKI BMKJIMKaHI IIOBHOMACIITAaOHUM BTOP-
THEHHAM pocii B YKpalHy HaJaloTh HeraTUBHUN
BIJTMB Ha (Di3WYHUM Ta MICUXOJOTIYHUN CTaH, IPU-
3BOJISATD JI0 CEPHO3HMX HACTIAKIB AJIsI 37I0POB’SI 11~
BiJIbHOTO HACEJIEHHSI.

O/uH 3 OCHOBHUX YMHHUKIB, 1110 BIJINBAIOTH HA
3/I0POB’S JITOJIell B yMOBax BiitHH, € cTpec. [locTiii-
Ha HeOe3meka, BrpaTa OJM3bKUX, HEBU3HAYEHICTD
MaiibyTHHOTO BUKJIMKAIOTH MCHXOJIOTIuHI 11pobJie-
MH, JIETIPECiio, TPUBOKHICTD Ta iHIII TICUX0EMOITili-
Hi nopymrennst. I1i emoriiiti mpobyieMu BILTMBAIOTh
Ha (izuyHe 310poB’s, 301/IbIIYIOTh PUBHK CEPIEBO-
CYyZIMHHUX 3aXBOPIOBaHb, 3HWXKYIOTb iIMYHITeT, 110-
TipITYIOTh 3arajbHe CAaMOMOYYTTS Ta TPU3BOISATDH
710 MeTaboTiuHIX posnaiis [1-3].

[TocTTpaBMaTUYHUI CTPEC CHPUSE 301IbIIEHHIO
nomupeHocti Merabosiutnoro curapomy [1]. Kara-
6oJtiuHi mopyieHHs: MeTaboJIi3My BHAC/IIOK HOCT-
TPaBMAaTUIHOTO CTPECY MOKYTh BUKJIMKATH BTPATY
abo 36isbIeHHst Baru [4]. JlocTisKeHHS TIOKa3y0Th,
1110 ICHY€ CUJIBHUH 3B’SI30K MiK TIOCTTPaBMAaTUIHUM
CTPECOM Ta PU3UKOM IEHTPATBHOTO OKHUPIHHS [5].
CBoE€I0 ueproio, 0;KUPiHHSA 3YMOBJIIOE PO3BUTOK pe-
3UCTEHTHOCTI /10 1HCYJIIHY, CIIPUSE TTOPYIIEHHIO TO-
JIEPAHTHOCTI /10 BYTJIEBOJIIB Ta TiABUIILYE Kap/liomMe-
TaboiuHMi pusuK [6, 7.

Y mozeit, siki nepebyBaOTh Y CTaHi MOCTTPaB-
MaTUYHOTO CTPeCY, YacTille CIoCTepiraloTbes Taki
MeTaboJIYHI HOPYIIEHHS K OKUPIHHS, ANUCIIiMije-
Misl, TIOPYIIEHHS TOJIEPAHTHOCTI JI0 BYTJIEBOJIB Ta
I112 [2, 3]. [TopyineHHst MeTabo1i3My BYTJIEBO/IIB B
YMOBax BiliCbKOBOTO CTPeCY TOB’SI3aHO 3 aKTHUBATTi-
€10 Tinoranamo-rinodizapHO-HaJHUPHUKOBOI CHUC-
Temu, OI0JIOTIYHUM MapKepoM SKOI € IiABUINEeHUI
piBeHb KOPTHU30JTY B KPOBi [4, 7]. 3MiHM KUIITKOBO-
ro MikpobioMy, HecTaya CHY Ta 3HMKEeHHsS (izud-
HOI aKTUBHOCTI TaKO’K Bi/[irPalOTh BaXKJIUBY POJIb Y
PO3BUTKY MTOPYIIEHb TOJIEPAHTHOCTI /10 BYTJIEBO/IIB
MIPU TTOCTTPaBMAaTUYHOMY cTpeci [8, 9].

ExcrieppmenTanbhi  IOCTIIPKEHHS Ha TBapu-
Hax TIOKa3aJid, MIO ITOCTTPAaBMATUYHUI CTpec,
OB I3aHUH i3 BUOYXaMM HU3BKOI MOTYKHOCTI, SKi
He BUKJIWKAIOTh MEXaHIUHY TPaBMY, TPU3BOISATDH
JI0 PO3BUTKY METabOJIIYHUX MTOPYIIEHb, SIKi BKJIIO-
YaloTh 3MiHy MeTaboJi3My TJIIOKO3H, TIOB'sI3aHy 3
Mepexo/OM BiJl aepoOHUX /10 aHAepoOHUX MeTa-
6omiuaux muisxis [10]. TIpu 1mbomy 306ijbIIy€ETh-
cs CIIBBIIHOIIEHHS JIaKTaT/MipyBaTt, 3HUKYETHCS

eHepreTUYHUH pe3epB, PO3BUBAETHCS OKUCIIOBAIb-
Huii cTpec Ta 3ananenns [10-12].

Boanouac mopyieHHsT BYTJIEBOIHOTO OOMi-
Hy TiCHO TIOB’si3aHi 3 mpoitecoMm crapinug [13].
OcTanHi JOCTi/IPKeHHS TTOKa3yIOTh, 1110, 3 OJ[HOTO
GOKY, HAKOTIMYEHHST TIPOAYKTIB IJIiKyBaHHS OiIKiB
MpU CTapiHHI CIIPUSE PO3BUTKY MOPYIIEHb BYTJie-
BOJHOTO 00MiHy. 3 iHIIOTO OOKY, MPOLYKTH TJIi-
KyBaHH$ GIJIKIB € KJIOYOBUM YMHHUKOM CEPIIeBOI
Ta cyauHHol aucdynkiii [14]. Piu y Tim, mo npo-
AYKTU TJIKyBaHHS OLJIKiB, sIKi HAKOTIMYYIOTHCS 3
BIKOM Ta y BeJIMKUX Kijsbkoctsx rpu [1J]2, peary-
I0Th 3 OKCH/IOM a30Ty Ta iIHAaKTUBYIOTH ioro [15].
Takox OyJI0 IOKazaHo, 110 32 HasABHOCTI pe3uc-
TEHTHOCTI JI0 IHCYJIIHY TPUIIBUIITYIOTHCS 1TPOIIe-
cu crapinss [16].

B exkcrniepuMeHTaTBbHUX IOCTIDKEHHSIX JIOBeE-
JIEHO CIIJIbHICTh MEXaHI3MiB CTapiHHS Ta TMOPY-
IIeHb BYTJIEBOAHOrO 00MiHy. Tak, BCTAaHOBJIEHO, 110
301JIbIIIEHHST TPUBAJIOCTI KUTTS Yepe3 0OMEKeHH
KaJIOPIMHOCTI T:Ki peasi3yeTbesi uepe3 peryJisiiniio
curHaimbHUX Nuiaxis incyniny IGF1 [17, 18]. 3 in-
1moro GOKY, BCTAHOBJIEHO 3B’sI30K HAOOPY TeHiB, 110
6epyTh y4acTh y JOBTOJITTI JIIOAUHHY, 31 IJISIXOM iH-
cynin/IGF1[19]. BaxkaeTbcs, 1110 B3aEMOJTisI TEHIB
IGF1R Ta IRS2, axuM HaneXKUTh BasKJIUBA PETyJIsi-
TOPHA POJIb y MeTaboJIi3Mi TJIIOKO3H, MOXKe 3MeH-
ITUTH BIKOBI MeTabOIiuHI TIOPYIIEHHs Ta BITUBATH
Ha 30isbIIeHHsT TpUBaOCTi KUTTS [20].

TakuM yMHOM, IOCTTPABMAaTUYHUI CTPEC MOXKe
HPU3BOUTU [0 TIOPYIIEHb BYTJIEBOAHOTO OOMiHY
Ta MPUILIBUAIIYBATH ITpollecH cTapiHus. IIpore noci
BiJICYTHI JIOCTKEHHsI, TPUCBSIYeHi 3’sICyBaHHIO
0COOJIMBOCTEH BILIMBY BOEHHOTO CTPECy Ha CTaH
BYTJIEBOJIHOTO 1 JiitiiHoro oominy ta temn MC B
UBIJIBHUX JKIHOK PiI3HOTO BiKY.

Meta po0GOTH TI0JIsATajIa B OL[HII CTaHy ByTJe-
BOJIHOTO 1 JIiMTiIHOr0 0OMIHIB Ta Temiy MeTaboJIiu-
HOTO CTapiHHS B IMBIJIBHUX JKiHOK PI3HOTO BiKY ITi/|
yac BiliHU.

Marepian i MmeToau

HocrijizkeHHsT BAKOHAHO BiJIIIOBIIHO /10 TIPUH-
numiB leabcinebkoi Jlexmaparii. Bei yuacHuku 10
MOYATKy JIOCTI/UKEHHS OTPUMAJM IHUCbMOBY iH-
¢opmaliiio po AOCTiIKEHHS, MiC/IsI 03HANOMIIEHHS
3 HEI0 BOHU I00POBIJIBHO Mijinucain moinopMosa-
HY 3I0/ly Ha y4acTb y JOCJIJIZKEHHI.
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O6c¢reskero 91 kiHky pisHoro Biky (OCHOBHA
rpymna), siKi I 4ac akTUBHUX OOMOBMX JIiii y JIio-
Tomy-6epesti 2022 p. nepebysaiu B M. Kuesi abo
B KuiBcbkiit oOmacti. HacTiHa 3 HUX TPUBAJIMIL 4ac
nepebyBasia B OKyTaliii, a intii 3 Tpasust 2022 p. 110
TpaBeHb 2023 p. 3a3HAJIN CUJIBHOTO BILUIMBY TaKUX
(akTOpiB BillHM SIK PaKeTHI Ta apTUJepiiicbki 00-
cTpisnu, nepebyBaHHsa B G0OMOOCXOBMIIAX YK THIIIX
YKPUTTSX, 1110 TO3HAYMJIOCH HA 1X TICUX0EMOIIiTHO-
My cTaHi. /l7s TOpiBHSAHHA BUKOPHUCTAHO JaHi 79
IIUBIIBHUX JKIHOK Pi3HOTO BiKY, 0OCTEKEHNX JI0 PO-
CiliChKO-YKPaiHCHKOI BiliHU (KOHTPOJIbHA TPYyTIA).

Busnavanu anTpornoMeTpuyHi MOKa3HUKU: Macy
Tijla Ta 3piCT, OKPYKHICTH TaJlil Ta OKPYKHICTh CTe-
TOH y TOJIOJKEeHHI cToguu. [Haeke Macu Tijia po3pa-
XOBYBJIN SK BiIHOIIEHHS MacH Tijia B KT /IO KBa-
Jparta 3pocTy B MeTpax.

[l BUusIBJIeHHSI IPUXOBAHUX TIOPYIIEHb BYyTJle-
BOJIHOTO OOMiHY INPOBOMINA CTaHIAPTHHIL 11€po-
pasnbauil ['TT 3a MmeTonnkoio BeecBiTHLOT Opranisa-
1ii oxoponu 310pos’st (World Health Organization,
1999) ta AMepuKkaHCBHKOI acortiariii 3 BUBUEHHS ITy-
kposoro miabery (American Diabetes Association,
1997) [2]. dAx1mo piBeHb TIIIOKO3U B IJIa3Mi HATIIE
ctaHoBuB 6,1-6,9 MMoJIb/J1, TO AIaTHOCTYBAJIU TIO-
pyIIeHy TJiKeMilo HaTiie, a TP PiBHI TJTIOKO3U B
mra3Mi uepes 2 rogunau ctangaptHoro I'TT y meskax
7,8-11,0 MMoJB/J1 — TIOpPYTIIEHY TOJEPAHTHICTD 10
TJIIOKO3U.

KontenTparttito roko3n B TJ1a3Mi BU3HAYAIN
IJIIOKO300KCH/Ia3HUM METOJIOM Ha HalliBaBTOMa-
THaHOMY Gioximiunomy aHasizatopi BTS-330, Bu-
KopucToByoun pearentu «I[Jokosa» mabopy «Bio
LATEST Lachema Diagnostica» (Icnawnist). Pienn
IHCYJIIHY Ta KOPTU30JIy B IJIa3Mi BU3HAYAJIN IMYHO-
(bepMEHTHIM METOIOM BUKOPHCTOBYIOUH HabGOpH
«DRG Insulin ELISA» ta «<DRG Cortisol ELISA»
(«DRG Instruments GmbH», Himeuunna). ¥ 310-
poBUX Jifojiell pedepeHTHI KOHIIEHTpaIlil CTaHOB-
Jsth: incyniny narie — 2,0-25,0 MmxOj/mit, Kop-
tnzosay — 138-635 HMOJIb /1, XOJIeCTEPUHY 3araib-
Horo — <5,17 MMoJib /71, XC JIinonpoTeiaiB BUCOKOI
nrizbHOCTI — 0,9-1,42 MMoub /1, XC ninonporeisis
HU3BKOI MIIBHOCTI — <3,37 MMOJIb/J1, TPUTJIiTIEPH-
niB — <1,71 MMOJB /1.

PospaxoByBasnu iHJieKC 1HCYJIIHOPE3UCTEHTHOC-
i HOMA-IR (Homeostasis Model Assessment for
Insulin Resistance) 3a popmyuioo:

HOMA-IR = rimoko3a rtazmu HaTiie (MMOJIb/J1)
X iHcysmtin miazmu Hatiie (MKOn/mir) / 22)5.
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Jlist OIIHKKM CcTaHy JIiIigHOro OOMiHY BH3HA-
Yyajii KOHIIEHTPAIlil0 B CUPOBATIL KPOBi 3arajbHO-
ro xojectepuny (XC), XC mimonporeiiB BUCOKOT
miinpHOCTi (XC JIIIBIIL), XC ninonporeiis HU3b-
kol miisbHOCTi (XC JIITHIIL) i Tpurainepunis (TT)
3a CTaHAAPTHUMHU OIOXIMIYHUMM METOAMKAMU Ha
aBTOMaTUYHOMY OioximMiuHOMY aHasizatopi «BM
Autolab PM 4000/3» («Boehringer Mannheim»,
Himeuyunna). Pisui XC ta TT gocmimkysanu dep-
MEHTAaTUBHO-KOJIODUMETPUYHUM  METOJIOM, BH-
kopucTtoBytoun pearentn ¢ipmu «BioSystemss
(Icnanisa), XC JIIBII — meTogom npenumiTartii 3
dochopHO-BOTBHPAMOBOIO KUCJIOTOIO, BAKOPUCTO-
Byloun peareHTu (ipmu «BioSystems» (Icmanis).
Pospaxynok konmentpariii XC JITTHIIL npoBoan-
JI 32 TPUHHATAMY MaTeMaTUIHUMU (DOPMYJIaMU.

Crarucrnuna 06po6Ka OTPUMAHUX JAHUX BUKO-
HaHa 3a JIONoMOTo10 Tiporpamu Statistica 7 («Stat
Soft», CIIIA). Bukopucrani craHpapTHi cTaTHC-
TUYHI NPOIEAYPH, 1[0 BKJIIOYAIOTH BapialliiHuil i
perpecitinuii anamui3. /[ocToBipHICTh BimMiHHOCTEN
cepeHiX 3HAaYeHb MOKAa3HWKIB y TPylax BU3HAYa-
jtacst 3a kputepiem CrbiogenTa. Biporigaumu BBa-
xamces BigminHocTi ipu p<0,05.

PeByJIbTaTI/I Ta 06TOBOPCHHSI

Ocxkisibku cepell (pakTOPiB PUBUKY PO3BUTKY T10-
pyIIeHb BYTJIEBOAHOTO OOMiHY BaKJIMBe 3HAYEHHS
HA/IAE€THCS 3aralbHOMY Ta BiCllepaJIbHOMY OKUPiH-
HIO, OyJIM OI[iHEHI Taki aHTPOIOMETPUYHI MOKa3-
HUKM K Maca Tija, iHJeKC Macu Tija, OKPYKHICTb
tauii. /lani Taba. 1 cBiguaTh PO BiACYTHICTH cTa-
TUCTUYHO 3HAYYIINX BiZIMIHHOCTEN 3a BCiMa aHTPO-
[IOMETPUYHUMU TIOKa3HUKAMU MiX BiIIIOBIIHUMU
BIKOBUMU TPyHaMMU JKiHOK, ki Oysi 06CTeReHi 10
BIHU ¥ IIi/1 Yac BiMHUA.

[ITo crocyeTbcd YacTOTH BUSABJICHHS THUX 4N
iHIMMX npefiaGeTUYHUX TIOPYIIEHb BYTJIE€BOIHO-
ro 0OMiHY, TO TIiBUIIEHUI PiBeHDb TJIiKeMii HaTIIe
(6,10-6,99 mmoub/a1) 10 BiiitHU OyB BUSIBJCHUN Y
6%, a mig yac Biltnu —y 19% (p=0,017). [Topyre-
HY TOJIEPaHTHICTb JI0 TJIIOKO3U /10 Bilinu Maiu 10%
KIHOK, iz yac BiftHu — 25% (p=0,011). [Toeanane
npeziabeTuuHe MOPYIIEHHs BYTJIEBOLHOIO 0OMIRY,
sKe /10 BIHHW B JKiHOK HE CIIOCTEPirajioch, MiJ| yac
Bittru OyJi0 BusiiieHo B 9% o6crexenux (p=0,007).

AK BifioMo, OIHUM 13 TOJTOBHUX YUHHUKIB PO3-
BUTKY TIOPYIIIEHb BYTJIEBOAHOTO 0OMiHY € BiK |15,
16]. ¥V Gisburocti oMy IsIiiHUX TOCITIKEHD Yac-
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Tabnuua 1. AHTPONOMETPUYHI NOKA3HMKM B XIHOK Pi3HOro Biky (M+m)

Table 1. Anthropometric parameters in women of different ages (M+m)

MokasHuKn BikoBi rpynu fo BiliH1, pokn BikoBi rpynu nip yac BifiHu, pokn
Indicators Age groups before the war, years Age groups during the war, years
30-44 45-59 60-74 30-44 45-59 60-74
(n=14) (n=30) (n=35) (n=24) (n=39) (n=28)
Bik, pokn 37,510 51,7£0,8 68,0+0,6 39,3+0,6 52,1+0,7 67,9+0,9
Age, years
3pict, cm 164,2+1,6 162,709 160,2+1,0 162,5+1,2 163,4+1,0 163,2+1,1
Height, cm
Maca Tina, kr 64,7£3,5 724x2,7 71,8£2,0 68,2431 701£2,0 754£2,3
Body mass, kg
IHaeKc mMacu Tina, Kr/m’ 23,8+1,0 27,409 27,908 25,7£1,1 26,2+0,6 284+0,9
Body mass index, kg/m?
OKpY>KHiCTb Tanii, cm 77,0£0,3 84,623 89,3£3,1 781£2,5 80,9+1,6 89,5+2,0

Waist circumference, cm

TOTa BUSBJEHHS TOPYIIEHOI TOJEPAHTHOCTI O
TJTIOKO3M 3POCTAE 3 BIKOM, TO/Ii SIK i30JIbOBaHE ITiJI-
BUIIEHHST PiBHSI TJTIOKO3H HaTIIE Oi/IbIIT XapaKTepHO
IS JIfoJ1elt cepe/THboro Biky [16]. Y mociskeHHsIX
«ITporpama mnpodimaktuku aiabery» («Diabetes
Prevention Programs», DDP) i «/locainxenns 3a-
no6iraHHs iHCYJIiHOHEe3aIeKHOr0 IIyKPOBOrO jlia-
Gery» («Study to Prevent Non-Insulin-Dependent
Diabetes Mellitus», STOP-NIDDM) mnokasaHo,
110 B 0ci6 crapiie 45 POKiB MOPYIIEHHS TOJEPAHT-
HOCTI IO TJIIOKO3U 3YCTPIYa€ThCs 3HAYHO YacTille,
i came BOHU 3yMOBJIIOIOTH BUIIUI PU3UK PO3BUTKY
Kap/ioBaCcKyJISPHUX 3aXBOPIOBaHb [21].

Mu npoanasisyBaiu ocobaMBOCTI 3MiH MeTabo-
JIYHUX TIOKAa3HUKIB ITiJ{ Yac BiHU B JKiHOK Pi3HO-
ro Biky (Ta0Ga. 2). Y KiHOK BiKOBUX rpym 45-59 ta
60-74 pokiB, 00CTEKEHUX M1ijl Yac BIiHU, BUSIBJIEHO
CTATUCTUYHO 3Hauyllle MiJIBUIICHHS] PiBHS TJIIOKO-
3u Hatmie. Kpim Toro, y BikoBux rpymnax 30-44 Ta
60-74 poxkiB i yac BitHM BUIIUUN PiBEHD TTIOKO3U
B KpoBi yepe3 2 rogunu ctangapTHoro I'T'T. ¥ Bcix
TPHOX BIKOBUX TPyMax Iijl 4yac BilHU CTaTUCTUYHO
3HAYMMO BUII[I PiBHI B IJIa3Mi KPOBi 1HCYJIIHY Ta BU-
nmit iHgexc incysinopesucrteaTHocti HOMA-IR.
Kinbkicts 6asis 3a mkamoio FINDRISK cratucriy-
HO 3HAYMMO 3POCTAE B 5KIHOK BikoBUX rpynt 30-44 Ta
45-59 pOKiB, 1110 CBIMYMUTH PO IMiABUIIEHHS B HUX
PUBUKY PO3BUTKY I[yKPOBOTO JiabeTy TPOTSITOM Ha-
crynuux 10 pokis.

[TopyleHHs BYrI€BOJHOI0 OOMIHY IIiJ| Yyac Biii-
HU TIOB’sI3aHi He JIUIe 3 PO3BUTKOM iHCYJIiHOpe-
3UCTEHTHOCTI, a ¥ 3 aKkTUBaIli€lo rinodizapHo-Ha/-

HUPHUKOBOI cucteMu. 1Ipo 11e cBiAYnTh 3pocTanHsA
KOHIIEHTpaIlil B Ia3Mi KpOBi KopTusoJsy (AuB.
Tabur. 2). Y jKiHOK BCiX BIKOBUX T'PYII i/ yac BillHU
CTATUCTUYHO 3HAUMMO BUIIIA KOHIIEHTPAITis B TJ1a3-
Mi KPOBi KOPTH30JTY, SIK OCHOBHOTO TOPMOHAJTBHOTO
MapKepa cTpecy, TOPiBHSHO 3 KOHIIEHTPAIIEI0 KOP-
TU30JIy Y BIAMOBIAHUX IPyIaX KiHOK, 0OCTEKEHUX
1o Biitau. TIpu 1[bOMY 3pOCTaHHS KOPTU30JY OYJI0
JIeIo OLTBIINM Yy JKIHOK CTapInoi BIKOBOI IPYIIH.

XpoHIUHUI cTpec, 3yMOBJIEHUN BIIHOIO, TIPU-
3BIB /10 TIEBHUX 3MiH CTaHy JimigHoro oominy. Bik
JIIOJIMHU CYTTEBO BIIMBAa€ Ha KoHIleHTparlilo XC
B kpoBi [6]. Koanenrparia JITI/ITHT i JITIBT npo-
TATOM JKUTTS MaJo 3MiHIOIOTbCS, TO/I SIK KOHIIEH-
tpamist JIITHT cyrreBo 3poctae micasg 30 pokis. ¥
JKIHOK ITiJT YacC BIMHM CTATUCTUYHO 3HAUYNMO BUIIIUN
(xoua i B Mekax HOpPMHU) iHJIEKC aTePOreHHOCTI
(nuB. Tabi. 2).

s inTerpasbHOI OLIHKY CTYTIeHS BIKOBUX 3MiH
MeTaboJ1i3My MU PO3POOUIIM MOJIe/Ib MeTabO iuHO-
ro Biky (MB). M B Busnauanu 3a hopmyioro, oTpu-
MaHOT0 HaMH IIij{ 4ac 0OCTEKEHHS 3[0POBUX JIIO/IEl
BikoM Biz 20 10 80 poxkis no Bitiam [22]. Temn MC
PO3paxoByBaJIU SIK Pi3HUITIO Mixk MB Ta XpoHoso-
rivanMm BikoM (XB). ¥V T1a6a. 3 npexacrasieni gaHi
po3paxynky MB Ta temmny cTapinHg B JKiHOK Pi3-
HUX BIKOBUX I'PYII JIO 1 1111 4ac BifiHU.

Pospaxynok MB Ta Temiy crapiHHsI 110OKa3as,
1[0 CTATUCTHYHO 3HaunMi 3minu Temiry MC BigOy-
JIUCST B TPYII MOJIOMX JKiHOK (/10 45 POKIB) i KiHOK
noxuyoro Biky (60-74 pokiB), y SIKUX ITi/ 4ac BiiHU
MPUIIBUIINABCS TEMIT CTAPiHHS.
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Ta6nuua 2. [TokasHyKKM ByrneBOAHOrO Ta NiniAHOro 06MiHIB, KOHLEHTPALl KOpPTV30Ay B NNa3mi KPOBI B XKIHOK pi3HOro BiKy (M£m)

Table 2. Indicators of carbohydrate and lipid metabolism, plasma cortisol concentration in women of different ages (M+m)

MokasHuKn Bikosi rpynu po BifiHK, poKu BikoBi rpynu nig yac BiliH1, poku

Indicators Age groups before the war, years Age groups during the war, years
30-44 45-59 60-74 30-44 45-59 60-74
(n=14) (n=30) (n=35) (n=24) (n=39) (n=28)

[MoK03a HaTLLe, MMOAb/N 5,04+0,12 5,3240,09 5,18+0,18 5,14£0,13 5,62+0,09% 5,6740,12%

Fasting plasma glucose, mmol/ L

MMioko3a uepe3 2 roa ['TT, MMonb/n 5,40%0,26 6,1940,30 6,29+0,30 6,40+0,32* 6,71+0,32 7,24+40,35%

Plasma glucose 2 hours post GTT, mmol/L

IHCyniH HaTwe, MkOa/mn 8,2+1,2 9,6+14 10,8+1,5 13,8+1,1% 16,5+1,8% 18,4+2,2*

Fasting insulin, pU/mL

[HAEKC IHCYNIHOPE3UCTEHTHOCTI 1,80+0,24 2,30+0,36 2,41+0,31 3,06+0,27* 4,17+0,43* 4,70+0,62*

HOMA index

XC, Mmmonb/n 5,1940,24 5,88+0,23 5,65+0,27 5,55+0,24 597+0,17 6,1240,25

Cholesterol, mmol/L

XCJINBLL, mmonb/n 1,62+0,05 1,64+0,03 1,57+0,01 1,62+0,07 1,61+0,06 1,49+0,06

HDL-cholesterol, mmol/ L

XCJIMHLL, mmonb/n 3,17+0,23 3,65+0,22 3,59+0,23 3,4540,24 3,78+0,18 4,15+0,24

LDL-cholesterol, mmol/ L

T, Mmonb/n 0,8940,04 1,32+0,13 1,13+0,08 1,1240,15 1,27+0,18 1,34+0,12

Triglycerides, mmol/ L

IHAeKC aTeporeHHoCT 2,21+0,13 2,60+0,14 2,54+0,15 2,55%0,20 2,78+0,18 3,3540,28%

Atherogenic index

3aranbHuii 6an onutyBanbHKa «FINDRISK» 3,69+0,80 8,53+0,90 12,8+0,8 6,9+0,8% 12,5¢1,7% 14,2+0,7

Score FINDRISK

Koptu3on, HMonb/n 379+28 323+27 339+26 670+80* 660+59* 785+101%

Cortisol, nmol/L

[pumimka: * — p<0,05 nopigHaHo i3 nokasHukom 0o 8iiHU y 8I0N08IOHIU 8ikosill epyni.
Note: *—p<0.05 compared to the pre-war rate in the corresponding age group.

Tabnuua 3. lokasHyKK MeTaboniuHoro Biky Ta Temry MeTabosiyHoro crapiHHa (M+m)

Table 3. Indicators of metabolic age and rate of metabolic aging (M+m)

MoKazHNKN BikoBi rpynu fo BiliHu, poKm BikoBi rpynu nipg yac BifiHu, pokun

Indicators Age groups before the war, years Age groups during the war, years
30-44 45-59 60-74 30-44 45-59 60-74
(n=14) (n=30) (n=35) (n=24) (n=39) (n=28)

MB, pokis 42,1£18 56,1£2,5 66,2£2,1 48,2+19* 594+2,2 73,1£2,2%

Metabolic age, years

XB, pokis 37,50+0,98 51,7408 68,00+0,59 39,3040,59 52,10+0,67 67,90+0,92

Chronological age, years

MB-XB, pokis 4,65+1,10 4444232 -1,85£1,55 8,88+1,22% 7264181 520+2,55%

Metabolic age—Chronological age, years

lpumimka: *— p<0,05 nopigHaAHO 3 nokasHuKoMm 0o 8iiHU y 8I0N0BIOHIU 8ikosidl epyni.

Note: * — p<0.05 compared to the pre-war rate in the corresponding age group.
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MC - meraborigre cTapiHHs
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XC - xomecTepuH
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XC JIITHIIL — xosecTepyH JiMOMPOTEiiB HU3bKOI 1iIJIbHOCTI
II12 — iykpoBuii giabet 2-To THITY

Effects of war-related stress on the state of carbohy-
drate and lipid metabolism and the rate of metabolic
aging in women of different ages

V.B. Shatylo’, S.S. Naskalova', A.V. Pysaruk’, E.O. Asanov’,
0.V. Bondarenko', N.M. Koshel’, I.A. Dyba’, V.G. Slipchenko?
! State Institution «D.F. Chebotarev Institute of Gerontology of the
National Academy of Medical Sciences of Ukraine»

“National Technical University of Ukraine «Igor Sikorsky Kyiv Polytech-
nic Institute»

Abstract. Chronic stress is a risk factor for the development of lipid and
carbohydrate metabolism disorders, obesity and type 2 diabetes (T2D).
The purpose of the work was to assess the state of carbohydrate and lipid
metabolism and the rate of metabolic aging in civilian women of various
ages during the war. Material and methods. We examined 91 women
of all ages who, during active hostilities in February and March 2022, were
influenced by such war factors as rocket and artillery attacks, staying in
bomb shelters or other shelters. The data of 79 women of different ages
examined before the Russian-Ukrainian war were used for comparison. An-
thropometric parameters, fasting plasma blood glucose concentration and
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after 2 hours of the standard glucose tolerance test (GTT), plasma insulin and
cortisol levels were determined, and the HOMA-IR insulin resistance index
was calculated. Results. WWomen examined during the war had a statistically
significantly higher concentration of glucose in the blood both fasting and
after 2 h of the standard GTT, insulin and a higher index of insulin resistance
NOMA-IR compared to the group of women examined before the war. The
FINDRISK total score indicates an increased risk of developing T2D in the next
10 years. Women of all three age groups examined during the war had a
statistically significantly higher plasma blood cortisol concentration than in
the corresponding groups of women examined before the war. An increase
in the frequency of prediabetic disorders of carbohydrate metabolism was
revealed in comparison with their frequency before the war. An acceleration
in the rate of metabolic aging during the war occurred in young women (up
to 45 years old) and older women (60-74 years old). Conclusion. Post-trau-
matic stress associated with the war led to disturbance of carbohydrate and
lipid metabolism. More significant changes were observed in older women.
During the war, the frequency of prediabetic carbohydrate metabolism dis-
orders in women increases, the risk of developing T2D in the next 10 years
increases, and the rate of metabolic aging accelerates.

Keywords: stress, war, carbohydrate and lipid metabolism disorders, bio-
logical age, rate of metabolic aging.

[na yutysanHa: Watvno Bb, Hackanosa CC, Mucapyk AB, AcaHos EO,
boHpapeHko OB, Kowenb HM, Anba IA, Cninyenko BI. Bnnue cTpecy,
NOB'A3aHOMO 3 BilHOI, Ha CTaH BYrNEBOAHOrO 1 NinigHOro ObMiHIB Ta
Temn MeTaboniuyHOro CTapiHHA B XKIHOK PI3HOrO Biky. EHAOKPMHOMOMA.
2024;29(2):148-154.DOI: 10.31793/1680-1466.2024.29-2.148.

Appeca ana nuctyBanHsa: [ucapyk AHatonii Bacunbosuy; avpisaruk54@
gmail.com; [IY «lHcTutyT reporTonorii im. [1.0. Yebotapbosa HAMH Ykpai-
HI», BYN. Brwropoacoka, 67, Knis, 04114, YkpaiHa.

BigpomocTi npo aBsrtopiB: lLlatuno Banepiin bpoHicnaBosuy, A-p mea.
Hayk, npo¢. 3asigysay Biadiny KniHiuHO! Qisionorii Ta natonorii BHy-
TPILUHIX OpraHiB, 3aCTyNHUK AMPEKTOPa 3 HaykoBoi poboTn Y «IHCTUTYyT
reporTonorii im. .0. YeboTapbosa HAMH Ykpaixu», ORCID: 0000-0001-
7114-9150; Hackanosa CeitnaHa CepriiHa — KaHA. Mef. Hayk, NpoBigHa
HaykoBa cniBpobiTHWUA BigAiny KiiHiuHoi isionorii Ta natonorii BHy-
TpilWHix opraHis 1Y «IHcTuTyT reponTonorii im. [1.0. YebotapboBa HAMH
Ykpainn», ORCID: 0000-0001-9518-2633; lNucapyk AHatonin Bacnnbosny,
I-p Mef] Hayk, 3aBiayBay nabopaTopii MaTeMaTM4yHOrO MOJENOBaHHA NPo-
uecis crapinHa Y «lHctutyT reponTonorii im. .. Yebotapbosa HAMH
YkpaiHuy», ORCID: 0000-0001-5522-0172; Acaros EpsiH OcmaHoBWY, 4-p
Mef. Hayk, npod., rofoBHa HaykoBa CMiBPOOITHULA BIAdiny KAiHiYHOT
disionorii Ta natonorii BHyTPIWHIX opraHig [Y «IHCTUTYT repoHTonori
im. [.0. YebotapboBa HAMH YkpaiHu», ORCID: 0000-0003-4021-1710.
boHpaperko OneHa BonogymupiBHa — KaHa. Mef. HayK, CTaplia Haykosa
cniBpobiTHNUA Bigdiny KniHiuHOI disionorii Ta natonorii BHYTPILWHIX op-
raHis [1Y «lnctutyT reponTonorii im. [.00. YeboTapbosa HAMH YkpaiHu,
ORCID: 0000-0002-8270-5316; Kowenb Hatanis MuxainisHa, KaHg. 6ion.
HayK, MPOBIAHA HaykoBa CiBPOOITHWLA nabopaTopii MaTemaTUyHOro
MOAENOBAHHA Npouecis cTapiHHa 1Y «lHcTutyT reponTonorii im. [1.0. Ye-
6oTapboBa HAMH Ykpainu»: ORCID: 0000-0003-1429-2326; [ln6a lpnHa
AHAPIIBHA — KaHA. Me[. HayK, CTapLlia HayKoBa CMiBPODITHULA Biaainy Kii-
HiuHoi diionoriitanatonoriiBHyTpilUHIX opraHis Y «IHCTUTYT repoHTonOril
im. 0.0. YebotapboBa HAMH Ykpaiti», ORCID: 0000-0002-4212-8868;
CninueHko Bonoavmup leoprinoBny — i-p TeXH. HayK, npodecop kadeapu
UMOPOBUX TEXHOMONI B eHepreTvui HauioHanbHOro TeXHIUHOro yHiBep-
cnTeTy YKpaiHu «KUiBCobKUIA NONITEXHIUHMIA IHCTUTYT iM. Iropsa CikopcbKo-
ro», ORCID: 0000-0002-3405-0781.

154

Ocobuctuin BHecok: lllatvno B.b. — KoHuenLia Ta An3aiH A0CNiKEHHSR,
penaryBaHHa pykonucy; Hackanosa C.C. — pgocnimxeHHs meTabonismy;
Mucapyk AB. — po3paxyHok 6ionoriYHOro BiKy, HanMcaHHA PYKOMUCY;
AcaroB E.O. — HanucaHHA pykonucy; boraapeHko O.B. — gocnigxeHHA
meTaboniamy; Kowens H.M. — ctatucTnunmii aHanis gaHux; Anba LA, — go-
cnipkeHHa metaboniamy; Cninyerko B.I. — cTaTUCTUUHWA aHani3 aaHwx,
AHANITUYHWI aHani3 NiTepaTypHIX AaHNX.

DiHaHCyBaHHA: CTaTTA MIArOTOBNEHA B PaMKax OIOIKeTHOro GiHaHCy-
BaHHA HauioHanbHOT akapemii MeanuHux Hayk YKpaiHu.

Deknapauifi 3 eTuKu: aBTopy 33feknapysanu BiACYTHICTb KOHOMIKTY
iHTepeci i diHaHCOBWMX 30608'A3aHb.

CratTa: Hagiwna ao pegakuii 19.03.2024 p.; nepepobnera 11.04.2024 p,;
npuitHATa Jo ApyKy 24.06.2024 p.; HaapykosaHa 30.06.2024 p.

For citation: Shatylo VB, Naskalova SS, Pysaruk AV, Asanov EO, Bondaren-
ko OV, Koshel NM, Dyba IA, Slipchenko VG. Effects of war-related stress on
the state of carbohydrate and lipid metabolism and the rate of metabolic
aging in women of different ages. Endokrynologia. 2024;29(2):148-154.
DOI: 10.31793/1680-1466.2024.29-2.148.

Correspondence address: Pysaruk Anatoliy Vasylovych; avpisaruk54@
gmail.com; State Institution «D.F. Chebotarev Institute of Gerontology of
the NAMS of Ukraine», Vyshhorodska Str,, 67, Kyiv 04114, Ukraine.
Information about the authors: Shatylo Valeriy Bronislavovych, Dr. Sci.
(Medicine), Prof, Head of the Department of Clinical Physiology and Pathol-
ogy of Internal Organs, State Institution «D.F. Chebotarev Institute of Geron-
tology of the NAMS of Ukraine», ORCID: 0000-0001-7114-9150; Naskalova
Svitlana Serhiivna, Cand. Sci. (Medicine), Leading Researcher, State Institu-
tion «D.F. Chebotarev Institute of Gerontology of the NAMS of Ukraine»,
ORCID: 0000-0001-9518-2633; Pysaruk Anatoliy Vasylovych, Dr. Sci. (Medi-
cine), Head of the Laboratory of Mathematical Modeling of Aging Processes,
State Institution «D.F. Chebotarev Institute of Gerontology of the NAMS of
Ukraine», ORCID: 0000-0001-5522-0172; Asanov Ervin Osmanovych, Dr. Sci.
(Medicine), Prof,, Chief Researcher of the Department of Clinical Physiology
and Pathology of Internal Organs, State Institution «D.F. Chebotarev Institute
of Gerontology of the NAMS of Ukraine», ORCID: 0000-0003-4021-1710;
Bondarenko Olena Volodymyrivna, Cand. Sci. (Medicine), Senior Researcher,
State Institution «D.F. Chebotarev Institute of Gerontology of the NAMS of
Ukraine», ORCID: 0000-0002-8270-5316; Koshel Natalia Mykhaylivna, Cand.
Sci. (Biology), Leading Researcher, State Institution «D.F. Chebotarev Institute
of Gerontology of the NAMS of Ukraine», ORCID: 0000-0003-1429-2326;
Dyba Iryna Andriivna, Cand. Sci. (Medicine), Senior Researcher, State Insti-
tution «D.F. Chebotarev Institute of Gerontology of the NAMS of Ukraine»,
ORCID: 0000-0002-4212-8868; Slipchenko Volodymyr Georgiyovich, Dr. Sci.
(Technical), Prof. at the Department of Digital Technologies in Energy, Na-
tional Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Insti-
tute»; ORCID: 0000-0002-3405-0781.

Personal contribution: Shatylo V.B. — research concept and de-
sign, manuscript editing; Naskalova S.S. — research of metabolism;
Pysaruk A.V. — calculation of biological age, writing a manuscript;
Asanov E.O. — writing a manuscript; Bondarenko O.V. — research of me-
tabolism; Koshel N.M. — statistical data analysis; Dyba |.A. — research of
metabolism; Slipchenko V.G. — statistical data analysis and analytical
analysis of literature data.

Funding: the article was prepared within the budget funding of the Na-
tional Academy of Medical Sciences of Ukraine.

Ethics declaration: the authors declare no conflict of interest or financial
obligations.

Article: received March 19, 2024; revised April 11, 2024; accepted June 24,
2024; published June 30, 2024.



ISSN 1680-1466" ENDOKRYNOLOGIA" 2024, VOLUME 29, No. 2

DOI: 10.31793/1680-1466.2024.29-2.155

Nlediunt ropmony pocTy

M.O. PnsHuuyk!’,
[.A. KBaueHOK?,
0.B. bonbLuioBa?

Ta BITaMIH D

'ByKOBWHCbBKWI AepaBHI MeANYHNIA yHIBEpPCHTET
*[1Y «IHCTUTYT eHAaoKpWHONOrT Ta 06MiHy peyoBwH iM. B.IM. Komicaperka HAMH YkpaiHu»

Pestome. [punyckatoTb TiCHNIA B3aEMO3B'A30K Mix BiTamiHom D (8iT. D) i Biccto ropmoH pocTy (I'P)/iHcyniHONOAiOHMIA YNHHUK pOC-
Ty-1 (INYP-1) Ta MoXxnmBNA BNAMB BIT. D Ha 3pICT AUTWHY, OHAK TOUHUM MEXaHI3M iXHbOI B3aEMOA[T JOKM WO He 3'ACOBAHMIA.
MeTol0 Halloro AOCTImKEHHA CTano BUBUEHHS CTaTyCy BIiT. D'y aitelt i3 nediumtom [P. MaTepian i meTogu. poBeneHo obcTe-
XeHHA 36 AiTel, B AKMX BUABNEeHU nediumT [P, Ta aki nepebyBani Ha nikyBaHHi B [1Y «IHCTUTYT eHAOKPMHOMOT Ta 06MiHY peuoByH
im. B.1N. Komicaperka HAMH YkpaiHny. CratnctuuHy 06pobKy pesynsraTia AOCTimKeHHS BUKOHYBaNM 3 BUKOPUCTAHHAM CTaTUCTUY-
Hux nporpam Microsoft Excel. Pesynbtatu. Y 6inbuwocti nauienTis (31 auTnHa; 86,11%) cnoctepirany rinositamiHo3 D (nediunT y
17 oci6, HepocTatHiCTb — Y 14 0cib). [lediunT Bit. D BUABneruii y 50% aiteit yonosivoi cTari i3 gediuutom [P, HEROCTaTHICTL Bu-
ABneHa B 35,7% xnonuukis, i nuwe 8 14,3% BIABNEHO HOPMaNbHWIA piBeHb BIT. D. BogHouac, y 4iByat nepeBaxHo croctepirany
HenocTaTHicTs BIT. D (50% Brnaakis), aediuut Bit. D BCTaHOBREHNI y 37,5% AiTelt xiHouoi TaTi i3 HeocTaTHicTio [P,y 12,5% Bi-
ABNEHO HOPManbHWI piBeHb BIT. D. basanbHuii piserb [Py pitelr i3 gediuutom BiT. D OyB HU3bKIM, ane B 3,6 pa3a HUKYMM BiH OB
y [iBUATOK, MOPIBHAHO 3 XIONUMKaMK; Y AiTeld i3 HenocTaTHiCTIo BiT. D 6a3anbHuii piseHb [Py xnonunkis OyB y 2,5 pasa MeHWM,
NOPIBHAHO 3 AiBUaTKamMu. [py NpoBeeHHI IHCYNIHOBOrO TeCTy CNOCTePIraBCA Niaiom pPiBHA [P He3anexHo Big piBHA BIT. D, ane He
[0CATaB HOPMarbHYIX MOKa3HYKIB, LLO BKA3yBano Ha oro abcontoTHy HefloCTaTHICTb. PiBeHb [P nicna cumynauii iHcyniHom Gys y
2,1 pa3a 6inbLuvm y xnonumkis i3 fedilytom BiT. D NopiBHAHO 3 JiBYaTkamy, Ta 1,6 pasa BULMM Y [iBUATOK i3 HEAOCTATHICTIO BIT. D
MOPIBHAHO i3 NpOTUNEXHO CTaTTIo. PiBeHb IMYP-16yB y 0,7 pasa Hikuvm y xnondukis i3 gediuytom Bit. D, 1a 8 0,7 pasa HKUMM
y [iBY3TOK i3 HeAOCTaTHiCTIO BiT. D NOPIBHAHO 3 XoNumMKamu. Yci AocnifgpkyBaHi GioximMiuHi NoKasHUKM Oynn B MeXax HOPMU, He-
3aNeXHO Bif CTaTi NaLlieHTa. BucHoOBKM. Y 6inbluocTi nauieHTiB (86,11%) i3 aediLtom [P Ha TAi pi3Koro 3HkeHHsA 6a3anbHoro Ta
CTUMYfbOBaHOTO PiBHIB [P cnoctepiraetsea rinositamiHoz D (aediumT y 47,22% oci6, HegocTtaTHiCTb — Y 38,88% oci6). Aediunt
BiT. D yacTilwe cnocTepiraBcA B XNOMUMKIB, HEAOCTATHICTb BiT. D — y AiguaTok. HasBHicTb rinositamiHosy D'y aiteit i3 pediuntom [P
3YMOBJIIOE AOLINBHICTb BKKOUEHHA NPenapaTig BiT. D B KOMMNEKCHY Tepanito Takix NaLieHTiB.

KnioyoBi cnoBa: 8itamin D, rinoBiTamiHO3, f1iTh, HEAOCTATHICTb FOPMOHY POCTY.

Ha cyuacHomy etari Bce Oijibliie yBaru Impw-
NgeThCA BIJIUBY BiT. D Ha opranism JiloluHN Ta
HacJijikam oro pedimuty. Xova gedinur Bit. D,
SIK 1 paHilie, 3aJUIIAETbCSI HANTIOMIUPEHINTUM Jie-
(intuToM cepes BiTaMiHIB Y CBiTi, OJIHAK, JOBTH
yac Moske 3ayumaTucs He BusBiaeHuM [1]. [Tomn-
PEHICTh 1HOTO e(IIUTHOTO CTaHy B YChOMY CBITI
CUJIbHO Bapilo€ 3aJIe)KHO BiJl KpaiHU U y JeAKHX

© M.O. PusHuuyk, [l.A. Keayeiok, O.B. bonbwosa

BUIAAKaX oxormmoe 98% nacemenHs. 3a OLiHKa-
M, OTM3bKO 1 MIIPJL JTIOfIEl ¥ CBITI CTPaKIAI0Th Ha
nedinut/HemocTarHicTh BiT. D, mpudoMy Haitbiib-
11a KiJIbKICTh BUIIA/JIKIB TPATJISIETHCS B AUTSIIOMY
Biri [2]. Tsokkuit gedinut BiT. D BUK/INKAaE HU3KY
Cepo3HUX 3aXBOPIOBAHD, SIKi aCOIIIOIOTHCS 3 T10-
PYIIEHHSIM POCTY Ta PO3BUTKY AuTuau [3]. [inosi-
TaMminos D, moB’sa3anuil i3 TAKUMU MaTOJOTTYHUMU
CTaHAMU STK O;KUPIHHS Ta METabOIi4Hi TOPYIITeHHS,
neJiakig, MYKOBICIIMI03, 3alajibHi 3aXBOPIOBaH-
H KUIIKIBHUKA, a TAKOX i3 NPUAMaHHAM JIeIKUX
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JiKiB [4]. Omgnak, Gpak COHSYHOTO CBiTJIA, XapYOBi
3BUYKM Ta BIZICYTHICTh TPOMITAKTUKN € OCHOBHMU-
MU TIpUYMHaMU Horo rinositaminody [5]. Hecraua
BiT. D y Marepi mij{ yac BariTHOCTI MOKe CIIPUATU
BUHWKHEHHIO MOTO TINOBITAMIHO3Y i, SIK HACJI/IOK,
3MEeHIIeHHd KiJIbKOCTI BiT. D y rpyaHomy moJo-
i [6, 7]. Hemocratuicth BiT. D MOXe HeraTuBHO
BILJTMBATH Ha MiHEPAJIi3aIliio KiCTOK Y IUTHHCTBI |8,
9]. Kpim BBy Ha KasibIitieBo-(hochopHmii 0OMiH,
KiJTbKa JIOCTi/KeHb OCTaHHIX POKIB MMOKa3asu, 110
BiT. D Takox mMae mozackesetny jito [ 1], iMoBipHO,
TOMY, 110 OiJIBIICTh KJITUH OPraHismy MaioTh pe-
menTopu 710 BiT. D. Beranosaeno, 1o BiT. D cnipusie
excripecii monazn 1250 renis [10]. [loBeneHo 38’5130k
Mix fedimuToM BiT. D Ta aBroimyrrumu [11], on-
kosioriunumu [12], indexuiiinumu [13], pecmipa-
tTopHuMu [14], ceprieBo-cyaunuumu [ 15] 3axBopro-
BaHHSIMU.

OCHOBHUM rOPMOHOM, 1110 G€pe y4acThb y POCTi Ha
KOKHil cTaziii po3BuTKy, € I'P pasom i3 fioro me/ia-
topom, I[TTYP-1. Hasgsnicts 3min B oci ['P/ITTYP-1
y IUTAYOMY Billl IPU3BOAUTD /10 TOPYLIEHHS 3POC-
Ty. [Ipumyckatots TicHUI B3aEMO3B’SI30K MixK BiT. D
i Biccio ['P/ITTYP-1 Ta MmoxsmBuii BrinB BiT. D Ha
3piCT IUTUHU, OJHAK TOYHUI MeXaHi3M 1XHBOI B3a-
€MOJII1 JIOKHU 1110 He 3'sICOBAaHUI.

Mera poGoTu — BuBYeHHs cTaTycy BiT. Dy -
teit i3 gedinmrom I'P.

Marepiai i MeTou

O6crexxeHo 36 aiTeil, B KUX BUSBJEHUI Jie-
¢dinut I'P, Ta sxi mepebyBasm Ha mikyBauHi B /1Y
«IHCcTUTYT eHoKpUHOIIOTIT Ta OOMiIHY PEYOBHH M.
B.II. Komicapenka HAMH VYxpaiau». Bynu Bpa-
XOBaHi: €TaTh Ta BiK Malli€HTa, aHTPOTIOMETPUYHI
nani, piBenb rigpokcusitaminy D (25(OH)D) y
cHpoBaTIli KpoBi (BUKJOUEHI JTHI Micsii Habo-
Py XBOpHUX), KiCTKOBUH BiK, piBerb ['P Ha 111 1BOX
CTUMYJIAIIHHUX TecTiB (KJIOHIJIWH, IHCYJIiH), PiBHI
I[ITYP-1 (pedepentni snayenns: 39-537 Hr/mi),
piBeHb y KpOBi 3arajsbHOrO (pedhepeHTHi 3HaYeH-
Ha: 2,19-2,69 MMomb/1) Ta 10HI30BAHOTO KaJIbBIIii0
(pedepentHi 3navenns: 1,09-1,35 mmourn /1), doc-
dopy (pedepentni 3nauenns: 1,26-1,94 mmosnn /i),
xonecrepuny  (pedepentni  3uavenus:  3,15-
5,8 MMoub/1), cedoBuHu (pedepeHTHi 3HAUYEHHS:
<8 MMOJIB/ 1), KpeaTuHiHy (pedepeHTHi 3HAUeHHS:
44-71 mxmoan/a). Cepenniit Bik miteit i3 nedinm-
tom ['P (28 xnomuukiB, 8 AiBYaTOK), BKITIOUEHUX Y
nocrikenns, cranosuB 11,33+3,04 poxy. Cepenne
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Bi/ICTaBaHHA B 3pOCTi cTaHoBUIIO MiHyc 2,37(+0,77)
SDS. Ht-SDS BupaxoByBasu 3a JI0MOMOTOIO TIEP-
MEHTUJIBHUX KPUBUX 3POCTY Tijia, OTPUMAHUX Ha
OCHOBI JIaHUX aHTPOITIOMETPUIHUX OOCTEKEHD 3/10-
POBUX JliTeli pi3HOTO BiKy Ta ctati [16].

Ha mMomeHT 06CTeKeHHsT BCi TAIliEHTH 3HAXO/U-
JIVICh Y CTaHi eyTHpeosy. Y A0CiKeHHsT OYJIH BKITIO-
YeHi JIiTH, SIKi He OTPUMYBAJIM TIpernapaT Kajbllilo
ta BiT. D ympomosx =6 micarmis. /[ng BuBueHHS
MMOKAa3HUKIB (DI3UYHOTO PO3BUTKY BUKOPUCTAHO aH-
TPOIIOMETPUYHI MeTOAM (BUMIPIOBAHHS POCTY 3a
noromoroio cragiomerpa «Harpender stadiometrs
(«Holtain Ltd», Besmika Bpuranist) Ta Macy Tijia — 3a
nonomoroto enektponnux Bar «BC 587» («Tanitay,
Anonist). Jlyist BU3HaAUE€HHS KiCTKOBOTO BiKY BHUKO-
pucrano atiac W.W. Greulich, S.P. Pyle [17].

3aranbpHuii Ta OGioximMiuHuil anasisu dochopy,
3araJlbHOro Ta iOHI30BaHOIO KaJbllil0 KPOBI J10-
CJIJKYBa/Id 3a JJOIOMOIOI0 CTaHAapTHUX HabOpiB
dipmu «Sentenelch» (Iramis) i «Elitech» (Kuraii)
Ha aBTOMATUYHOMY TeMaTOJIOTIYHOMY aHasi3aTopi
«BC 3000 Plus» («Mindrays, Kurait) Ta ¢orome-
Tpi «BTS-330» («Biosystems», Icmanis). Pisni I'P,
[TTYP-1 y myrazmi KpoBi (HT/MJ1) BU3HAYATTU METO-
oM TBepaodazHoro iMyHOMDEPMEHTHOTO aHATI3Y
3 BUKOpucTaHHsam HabopiB «Immulite 2000 XPi»
(«Siemens», CIITA). /liarHocTKa HEIOCTATHOCTI
I'P rpynTyBasach Ha oc/isKeHHI (hOHOBOTO 3Ha-
yeHHs, MKy Bukugy [P Ha Tii (apmakosioriuaoi
ctumyJinii (iHCYJiH, KJIOHIIMH). 32 HOPMY CTH-
MyJIboBaHOI cekpertii I'P mpu crangapTHuX mpobax
BBakasm piBHi 10 Hr/mMu ta Bumie [18].

Pisenn 25(OH)D y cuposariii KpoBi BUsHaYau
IMYHOXEMIJTIOMiHECIIEHTHUM METOJIOM Ha MiKpo-
yactuakax («Abbott», CIITA). [ledimmurom Bit. D
BBaskasu piBai 25(OH)D y cupoBariii KpoBi HUKYE
30 amoub/ a1 (pedepenTHi 3HaveHHs: <12 Hr/mi), a
HeznocratHicTh BiT. D — npu pisni 25(OH) Bix 30
no 50 umoub/n (pedepentHi snavenns:: 12-20 ur/
MT), BianosigHo n0 Pexomenmariit [mobasbHoro
KOHCEHCYCY 3 TPOMIMAKTUKN Ta JIKYBaHHS PaXiTy
BHacTioK fedinuty BitT. D y XapuyBanHi [19].

Crarucruany o6poOKy pe3yJIbTaTiB JOCIiKeH-
HS BUKOHYBQJIN i3 BUKOPUCTAHHSAM CTATUCTUIHUX
nporpam Microsoft Excel.

JlocmikeHHS  TIPOBOANUIIOCS — BIZIMOBIHO 710
ocHOBHUX mnpuHIMIiB Oioetnknu Kousenmii Paau
€Bponu TPO TIpaBa JHOAWHU Ta OiOMEIUIMHY
(4 xBiTHA 1997 p.), leancincebkoi nekmaapariiii Bee-
CBITHDBOI acoIfiarii OXOpOHU 3/I0pPOB’Sd MPO eTUYHI
MIPUHIATIY TIPOBE/ICHHST MEINYHUX JOCJTIKEHDb 32
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yuacTtio mozeit (1964-2013 pp.). [Iporokosn nocai-
JUKEHHST Toro/KeHu i JIOKaIbHUM eTUYHUM KOMiTe-
TOM LIS BCiX, XTO OpaB yyactb. Komicis 3 Giomeany-
Hoi etrku /1Y «IHCTUTYT €HIOKPUHOIIOTT Ta 0OMiHy
pedoBun im. B.II. Komicapenka HAMH VYxkpaiau»
HopyIleHb MOPAJIbHUX 1 MPAaBOBUX HOPM IIiJl Yac J10-
CJTKeHHs He BusgBieHo. bysa orpumana indopmo-
BaHa 3T0JIa YYACHUKIB Ta X 6aThKiB (OMIKYyHIB).

Pesysbrati Ta 00rOBOPEHHS

[Ipu BUBYEHHI TOKA3HUKIB POCTY JliTeil i3 HEl0-
cratuictio I'P BcranoBieHo, 1o nokasuuk Ht-SDS
(TMTOKAa3HUK CTAaHIAPTHOTO BiJXWJIEHHS 3POCTY 3a-
JIESKHO BiJl XPOHOJIOTIYHOTO BiKY) HE MaB CTaTEBUX
BIZIMIHHOCTEH 1 KoJiMmBaBCs B Mexkax — 2,36-2,40.
KicTkoBwuii Bik BijicTaBas Bij nacrmoptaoro Ha 1,84-
2,44 poky (tao6u. 1). To6TO, NAIiEHTH MaJIK CyTTE-
Be BiZICTAaBaHHS B POCTI Ta 3aTPUMKY JAUDEPEHTIIIO-
BaHH$ KiCTKOBOI TKAHUHMU.

Tabnuua 1. Moka3HyKM pocTy B AiiTel i3 HegocTaTHICTIO [P

Table 1. Growth indicators in children with growth hormone (GH)
insufficiency
MokasHuKn Xnonuuku LHiBuaTka Bcboro
Indicators Boys Girls Total
(n=28) (n=8) (n=36)
Bik, poku 11,05+£2,92 9,53+£2,93 11,33£3,04
Age, years
Ht-SDS -2,36+0,31 -240+0,68  -2,37+0,77
KicTkoBwid BiK, poku 9,23+3,61 7,71£3,11 8,89+3,52

Bone age, years

Y nireit i3 HemoctaTHicTio I'P nocmizkysani
6i0XiMiuHI TOKA3HUKU OYJIM B MEKaX HOPMHU, He3a-
JIESKHO Bijt crari narieHTa (tada. 2).

Tabnuusa 2. [leaxi 6ioximiuHi NOKa3HVKIM CMPOBATKM KPOBI B AiTel i3 He-
JocTatHicTio [P

Table 2. Some biochemical indicators of blood serum in children with
GH insufficiency

MNoKa3HuKn Xnonunkun HiBuatka Bcboro

Indicators Boys Girls Total
(n=28) (n=8) (n=36)

XonectepuH, Mvons/n - 4,79+1,08 4,55+0,39  4,73+0,97

Cholesterol, mmol/L

KpeaTuHiH, MKMonb/n 55,04£17,26  51,50£7,95  54,25£11,49

Creatinine, pmol/L

KanbLii 3aranbHui, 2,46%0,10 2,38+0,10 2,44+0,10

MMOSb/N

Total calcium, mmol/L

KanbLiir ioHi30BaHw, 1,21+0,10 1,184+0,05 1,21+0,06

MMOAb/N

lonized calcium, mmol/L

®ocdhop, Mmonb/n 1,53+0,26 1,46+0,17 1,51+0,24

Phosphorus, mmol/L

CeyoBuHa, MMOS/N 4,11+0,82 4,19+0,17 4,13+0,89

Urea, mmol/L

V niteit i3 HefocraTHicTio TP GazaibHUil piBeHb
I'P 6yB HU3BKIM, ajie B [[iBYATOK JAHWIT TOKa3HUK
6yBy 1,7 pasa Huxuum (Tadu. 3).

[Ticoiga npoBesieHHS KJIOHIIMHOBOTO Ta IHCYJIiHO-
BOTO TecTiB, piBeHb ['P mifBuiilyBaBcs, aje He J0-
csATaB HOPMH, 110 BKa3yBaJIO Ha CYTTEBU gedinuT
I'P y namienTiB. PiBeHb TUPEOTPOITHOTO TOPMOHY

Tabnuua 3. lopmoHanbHi MOKA3HKKM CUPOBATKI KPOBI B iTel i3 HegocTaTHicTo [P

Table 3. Hormonal indicators of blood serum in children with GH insufficiency

MokasHuKn Xnonuuku Hisuatka Bcboro

Indicators Boys Girls Total
(n=28) (n=8) (n=36)

[P (6a3anbHuit piBeHb), Hr/mn 0,61+0,04 0,35+0,04 0,55+0,05

Basal GH level, ng/mL

['P (KNOHIAWHOBUIA TECT), HI/MA 4,7140,229 4,11+0,31 4,57+0,49

GH level after clonidine stimulation test, ng/mL

[P (iHcyniHoBMIA TecT), Hr/mn 4,56+0,25 4,07+0,30 4,45+0,26

GH level after insuline stimulation test, ng/mL

[MYP-1, Hr/mn 98,92+5,49 100,69+5,41 89,3145,40

Insulin-like growth factor-1, ng/mL

TupeotponHui ropmoH, MMOa/mn 2,16%0,97 2,68+0,15 2,27+0,12

Thyroid-stimulating hormone, mIU/mL

25(0OH),D, Hmonb/n 51,36+1,69 54,86+2,07 52,14+1,76

25(0OH).D, nmol/L
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Tabnuug 4. Pigetb BiT. D y aitelt i3 gediumtom [P

Table 4. The vitamin D level in children with GH deficiency

[oKa3HuKKn Xnonunkn Hisuatka Bcboro

Indicators Boys Girls Total
(n=28) (n=8) (n=36)

HopmanbHwi piseHb BIT. D (>75 HMonb/n) 4(14,3%) 1(12,5%) 5(13,9%)

Normal vitamin D level (=75 nmol/ L)

HepocTatHicTb BIT. D (50,1-74,9 HMONb/N) 10 (35,7%) 4(50,0%) 14 (38,9%)

Vitamin D insufficiency (50.1-74.9 nmol/ L)

[ediunT 8iT. D (<50 HMONb/N) 14 (50,0%) 3(37,5%) 17 (47,2%)

Vitamin D deficiency (<50 nmol/L)

rimoisa, SIK y XJIOMUYNUKIB, TaK i B AIBYATOK OyB y
Meykax HOPMaJIbHUX IMOKa3HUKIB. Y GiJIbIIOCTI Ta-
mienTti (31 auruna; 86,11%) crocrepiranu rirmosi-
tamino3 D (medinut y 17 ocib, HepocTaTHICTD — ¥
14 oci6). [ledimur Bit. D yacrinie crocrepiraBest
y XJIOIYUKIB, HeJJOCTaTHICTh BiT. D — y JiBUaTOK.
JedimuT BiT. D BusiBiennii y 50% miteit uomoBidoi
crati 13 HezoctatHicTio I'P, HejocTaTHICTD BUsABIIE-
Ha y 35,7% XxJon4uKis, i jmire y 14,3% BUSBJIEHO
HOPMaJIbHMIT piBeHb BiT. D (Tadu. 4).

Boanouac, y zmiBYaT mepeBajkHO cIOCTepiraau
nHegoctaTHicTh BiT. D (50% Bumnaakis), medinut
BiT. D BcranoBnenuii y 37,5% miTeii sKiHOYOI cTa-
Ti i3 HepocratHicTio P,y 12,5% — BusiBieHO HOP-
MaJIbHU# piBeHb BiT. D.

Ht-SDS nesasnexno Bij piBHs BiT. D Ta craTi Ko-
JmBaBcs B Mexkax — 2,28-2,50 (Tadu. 5).

bazanbuwnii pisens I'P y giteit i3 nedinmrom BiT.
D 6yB HU3bKKMM, ajie B 3,6 pasa HUKYUM BiH OyB Y
JIiIBYATOK, TTOPIBHAHO 3 XJIOMYUKAMU; y JiTel i3 He-
nocrarictio BiT. D 6asanphuii pienb ['P y xyorn-
quKiB OyB y 2,5 pa3a MEHIIINUM, TIOPIBHSIHO 3 IiBYaT-
kamu. IIpy mposeseHHi 1HCYJIIHOBOIO TECTY CIIO-
crepiraBcs migiioMm piBHs I'P HesasieskHO Bij piBHS
BiT. D, ane He mocAraB HOpMaJIbHUX OKA3HUKIB,
1[0 BKa3yBaJio Ha WOro abCOMIOTHY HEOCTATHICTb.
Pigenn I'P micsist crumy i incyrinom 6yB y 2,1
pasza OiJbIINM y XJIOMYMKIB i3 gedimurom BiT. D
MTOPIBHSHO 3 AiiBYaTKamu, ta 1,6 paza BUIUM y /1iB-
YyaToK i3 HemocTaTHicTIO BiT. D mopiBHSAHO i3 Tpo-

Ta6nuua 5. AykconoriuHi nokasHKM 3anexHo Bia piBHA BIT. D y fiTei i3 HegocTtaTHicTio [P

Table 5. Auxological indicators depending on the vitamin D level in children with GH insufficiency

MoKa3HuKu Dediyut Bit.D HepocTatHicTb BiT.D
Indicators Deficiency of vit. D Insufficiency of vit. D
Xnonuunku [LiBuaTka Xnonunkun [LliBuaTtka
Boys Girls Boys Girls
(n=14) (n=3) (n=10) (n=4)
Bik, poku 11,64%2,75 11,13%#1,51 12,35+2,59 8,71+£2,78
Age, years
Ht-SDS -2,28+0,76 -2,31+0,12 -2,50+0,10 -2,31+0,22
[P (6a3anbHuii piBeHb), HI/MA 0,90+0,07 0,25+0,07 0,19+0,01 0,47+0,06
Basal level of GH, ng/mL
[P (KnoHiaMHOBWI TeCT), Hr/mn 4,77+0,31 4,08+0,34 4,89+0,32 4,88+0,91
GH level after clonidine stimulation test, ng/mL
[P (iHCyniHOBWIA TecT), HF/Mn 5,1840,24 2,46%0,19 3,72+0,27 6,13+0,27
GH level after insulin stimulation test, ng/mL
IMYP-1, Hr/mn 84,26+5,34 116,1746,95 117,30+5,19 83,00+5,25
Insulin-like growth factor 1, ng/mL
TvpeoTtponHuii ropmoH, MKOA/MN 2,27+0,95 2,69+0,13 2,2620,11 2,47+0,21
Thyroid-stimulating hormone, miU/mL
25(0OH),D, Hmonb/n 38,25+1,04 38,85+0,64 58,9145,54 63,38+4,78

25(OH),D, nmol/L
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TisiexkHoto crartio. Pisers ITTUP-1 6yB y 0,7 pasa
HIZKYUM Y XJIOMTYHKIB i3 iecpitmrom BiT. D, opiBHs-
HO 3 jgiByaTtkamu, Ta B 0,7 pasa HMKUMM Y JIiBYATOK
i3 HEeZIOCTATHICTIO BiT. D MOPIBHSIHO i3 XJIOMYMKaMHU.
PiBeHb THpPEOTPOITHOTO TOPMOHY B CUPOBATIT KPOBI
6yB HOPMAJHLHUM Ta He BiJIPI3HSBCS 3a CTATTIO Ta
piBHeMm BiT. D. PiBHi BiT. D y mireii i3 fioro pedirm-
TOM MPAKTUYHO He BiApisHsmcs B 060X craTeil. 3a
YMOB He/locTaTHOCTI BiT. D crnocrepiraBcs BUIui
piBeHb BIT. D y 1iBUaTOK MOPIBHAHO 3 XJIOTTYUKAMHU.

Ha cporojni mpakTuyHoO He J0CJIiPKEHO BILIUB
BiT. D Ha pynkmionyBanusg cucremu I'P/ITTHYP-1y
JIiTell Ta MijTiTKIB i3 3aXBOPIOBAHHSAMU €HIAOKPUH-
HOI CUCTeMU, 30KpeMa He BUBYEHA POJib BiT. Dy
maToreHesi pi3HUX (popM maTOJIOTIi pocTy i (hiznd-
Horo po3Butky [20]. Bsaemozis mix BiT. D Ta Biccio
['P/ITTYP-1 € 10BOJI CKJIaHIM TIPOIIECOM i BifOy-
BA€ETHCA K HAa €HJIOKPUHHOMY, TaK 1 Ha IMapakpuH-
HOMY PiBHSX [21].

Hauri sani 36iralorbest 3 JaHUMU HU3KU aBTO-
piB, SIKi BU3HAUAIOTH BUIILY YaCTOTY TillOBITAMIHO3Y
D y nireii i3 HU3BKOPOCJICTIO BHACTIIOK Meditu-
Ty I'P [22-24]. Paniite My BCTAaHOBUJIW HASIBHICTh
rinoBitaminody D y 83,33% mniteil i3 MHOKMHHOIO
HeIOCTaTHICTIO TOPMOHIB Tinogdisza Ta B 68,49% —
3 izompoBanuM gedinurom I'P [25]. Busnauen-
ust BMmicty 25(OH)D y cuposariii Kposi jiteit i3
HenocrarHicTio I'P nokazano HasBHICTH TinosiTa-
MiHO3y BiT. D y nepeBaskHiil GibIIOCTI HAIiEHTIB
(86,11%) — piBenb 25(OH)D cranoBus, y cepen-
HbOMY, 52,14%1,76 HMOJIB/J1, 11O BiAMOBIIATIO CTY-
TIeHIO HeIOCTAaTHOCTI 1IOTO BiTaMiHy. Y IJIOMY TIO
rpymi pedinuT/HemoctaTHICTh BiT. D BcTanoBseHi
B 17/14 ocib BiAMOBiAHO, TIIBKK 5 AiTell MaJu 3a-
nosibhuii BMicT 25(OH)D y cupoBatiii KpoBi.

Y Hammux J0CIIPKEHHSIX BCTAHOBJIEHO, 1O Jiedi-
T BiT. D Haifuacrinie dikcyBaBest B 0cib 40J10Bi-
yoi crati (50% nporu 37,5% y AiBUaT), OHOUYACHO
HU3BKOPOCJICTh BiMivena y 77,77% XJIOMUYUKIB
npotu 22,22% y niuar. barato aBTopiB BiaMiTHIN
3HaueHe NepeBaKaHHs XJIOMYMKIB cepe/l HallieHTiB
i3 nedinurom ['P, criBBifHONIEHHS XJIOTTYUKIB /10
miBYat cranoBuio 2,5-2,9:1 [26-28], omnak npuan-
HU TAKOTO SBUIIA HE BiJIOMI.

Mu He criocrepiraiu 3MmiH i3 6oKy aeskux 6io-
XIMIYHUX TIOKa3HUKIB (XOJIeCTEPUH, KpPEaTHHiH,
CeYOBMHA, KaJbIi 3arajJibHUM Ta 10HI30BaHU,
dochop). Takox He OYJIO BUSIBIEHO 3B’SI3KY MixkK
25(0OH)D Ta piBusimu kasnbiiiio, (ocdopy ta ma-
paTropMoHy B fiTell i3 HefoctarHicTio I'P /10 Ta Ha
T1i Teparii pekombinanTHuM TP [22].

Orpumani pe3yJsbTaTH CBi4aTh PO OIIJIb-
HICTb BKJIIOUEHHS TIpenapariB BiT. D y Komiuiekc
Teparii namienTis i3 HegocrarHicTio ['P. Kpim Toro,
BCTAHOBJICHO, MO 32 HAgBHOCTI 3HUIKEHHST edek-
TUBHOCTI Tepamil mpenapataMu PeKOMOIHAHTHOIO
I'P micoig nepiinx pokiB JIiIKYyBaHHS BBAKAETHCA J10-
IiJIBHUM 3aCTOCYBaHHsI KOMOIHOBaHOI Teparii ii-
Teii i3 medinurom I'P npemaparamu pekomOiHant-
noro I'P ta Bit. D [29].

Bucuosku

1. ¥V 6igbmocti namientis (86,11%) i3 medinu-
tom I'P Ha T1i pisKoro 3HuKeHHs 6a3aibHOTO
Ta CTUMYJIbOBAHOTO PiBHIB I'P criocTepiraerbest
rinmositaminos D (medinmr y 47,22% ocib, He-
nocratHicth — y 38,88% ocib). ledinut Bit. D
yacTillle CocTepiraBes y XJI0MYMKiB, HeJloCcTaT-
HiCTb BiT. D — y ZliBUaTOK.

2. Hagsuictp rinositTaminody D y miteit i3 nedi-
uToM ['P 3yMOBITIOE JOTIJIBHICTD BKIIOUYEHHS
npenaparis BiT. D B KOMILIEKCHY Teparito Ta-
KUX MAIEHTIB.

3. Y nireti i3 HegoctaTHicTio I'P Ta rinosiTamino-
30M D He BUSIBJIEHO TIOpPYIIEHD i3 OOKY HU3KU
6I0XIMIYHMX [OKA3HUKIB — KPeaTHHIHY, Ceuo-
BUHH, XOJIECTEPUHY, KaJbllifo (3araJbHOTO Ta
ioHi30BaHOTO) Ta hochopy B KPOBi.
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Growth hormone deficiency and vitamin D

M.O. Ryznychuk’, D.A. Kvachenyuk? O.V. Bolshova?
'Bukovinian State Medical University

“State Institution «V.P. Komisarenko Institute of Endocrinology and
Metabolism of the National Academy of Medical Sciences of Ukraine»

Abstract. Suggest a strong relationship between vitamin D (vit. D) and the
growth hormone (GH)/insulin-like growth factor-1 axis and the possible
influence of vit. D on child growth, but the exact mechanism of their
interaction has not yet been clarified. The aim of our study was to investigate
the vitamin D status in children with GH deficiency. Material and methods.
We examined 36 children with GH deficiency treated in the State Institution
«V.P Komisarenko Institute of Endocrinology and Metabolism of the National
Academy of Medical Sciences of Ukraine». Statistical processing of the study
results was performed using Microsoft Excel statistical programs. Results.
The majority of patients (31 children; 86.11%) had hypovitaminosis D
(deficiency — 17 patients, insufficiency — 14 patients). Vit. D deficiency was
detected in 50% of male children with GH deficiency, insufficiency —in
35.7% of boys, and only 14.3% had normal vit. D level. At the same time,
vit. D insufficiency was mainly observed among girls (50% of cases), and
vit. D deficiency was found in 37.5% of female children with GH deficiency,
and a normal vit. D level —in 12.5%. The basal GH level in children with vit. D
deficiency was low, but it was 3.6 times lower in girls than in boys; in children
with vit. D insufficiency, the basal GH level was 2.5 times lower in boys than
in girls. During the insulin test, an increase in the GH level was observed
regardless of the vit. D level, but did not reach normal values, indicating its
absolute insufficiency. GH level after insulin stimulation was 2.1 times higher
in boys with vit. D deficiency than in girls, and 1.6 times higher in girls with
vit. D insufficiency compared to the opposite sex. The level of insulin-like
growth factor-1 was 0.7 times lower in boys with vit. D deficiency and 0.7
times lower in girls with vitamin D insufficiency compared to boys. All
biochemical parameters studied were within normal limits, regardless of the
patient’s gender. Conclusions. In most patients (86.11%) with GH deficiency,
hypovitaminosis D is observed against the background of a sharp decrease
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in basal and stimulated GH levels (deficiency — in 47.22% of patients,
insufficiency — in 38.88% of patients). Vit. D deficiency was observed more
often in boys, vit. D insufficiency — in girls. The presence of hypovitaminosis
Din children with GH deficiency determines the advisability of including vit.
D preparations into complex therapy of such patients.

Keywords: vitamin D, hypovitaminosis, children, growth hormone
deficiency.
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B.b. CeriH,

Bnnne menaToHIHY Ha CTaH
OKCMAAHTHOr0 CTPecy npu
MeTabonIYHOMY CUHAPOMI

JIbBIBCbKMIN HAUIOHaNbHUI MeAnYHNIA yHiBepcuTeT iM. laHnna fanuuybkoro

Pestome. Metaboniynmin cuHapom (MC) — Le CyKynHICTb KINbKOX B33aEMOMOB'A3aHMX KapAioMeTabOMUHUX YNHHIIKIB PU3MKY,
TaKMX AK abAOMiIHaNbHe OXMPIHHSA, NOPYLIEHHS TONEPaHTHOCTI 10 MIOKO3W/rinepriikemis, AucninonpoteiHemis, a Takox npo-
TPOMOOTUUYHUX Ta Npo3ananbHuX cTaHiB. OkcuaaHTHUMA cTpec (OC), WO BUHUKAE BHACMIAOK HaIMIPHOTO BHYTPILUHBOKAITUHHOTO
HaKOMMUEHHA peakTnBHUX Gopm KucHIo (POK) i a3oTy (POA), iHWKX BiNbHUX paanKanis Cnpuae po3BuTKY oxmpiHHa, MC, cteato-
TUYHOI XBOPOOY MeuiHKi, MOB'A3aHOoi 3 MeTaboniuHo ArcdyHKuigio (CXTIMI), MeTaboniuHoi KapaiomionarTii, LyKpoBoro fiabeTy
2-ro Tuny (LWA2). MocunennHa OC npu3BOAnTb [0 NPUCKOPEHOTO YTBOPEHHS KIHLEBVX NPOAYKTIB MiKyBaHHS, WO iHILiOE Kackan
MaToQi3ioNoriuHMX CUrHaNbHUX WNAXIB 3 YTBOPEHHAM NPO3ananbHYIX LMTOKIHIB i, Takum YiHOM, e binblie akTveye OC. 3 MeTolo
ONTVIMI3aLil HEraTUBHOTO BMAVBY BilbHUX PAAUKANIB LWMPOKO 33CTOCOBYIOTb aHTVOKCMAAHTY, 0COBMMBE MiCLe cepef] AKMX MOCinae
rOpMOH enidiza menaToHiH (MEJT). HeiiporopmoH Bosiozie NpsMymi, HEMPAMAMM Ta PELIENTOPHO-0NOCEPEAKOBAHVIMI EPEKTaMM.
3okpema, MEJT Ta oro MeTabonitvi € NpAMUMIA MIOFIMHAUAMM BINbLLIOCTI BibHUX PAAUKaniB B KITWHAX, i3 NEBHOK CneLndiyHO0
crnopigHenicTio Ao cybcTparis. MEST € GinbLu edeKTVBHIM Y 3aX0MeHHI FAPOKCUNBHIX PaAMKaNiB i SMEHLYE NepeKCcHe OKUCHEH-
HA ninigis (MOJT) Nig Yac OKMUCHIOBANBHYIX BUKMKIB, MMOBIPHO, WAAXOM 3aTPMMKI AOTO iHiLiaLji, a He NPAMOTO 3HELUKOAKeHHS
NepoKCUAHMX pafvikania. MEJ], 3aBAAKM aKTVBaLiT aHTUOKCUAAHTHYIX | MPUrHIYEHHS NPOOKCUAAHTHIX GEPMEHTIB, NinoKcureHas
i, IMOBIPHO, XIHOHpeyKTa3u 2, akTugalii MPHK aHTMOKCUAGHTHIX GepMeHTIB i 30ibLUEHHA BHYTPILIHBOKITUHHOTO FyTaTioHy
(GSH), BigHOBIOE OKIMCHO-BIAHOBHY piBHOBAry. OiHaK, 3aNMLWaloTbCA Hes'AcoBaHMI ocobnmeocTi Bnnvey MEST Ha nepebir MC i
KOMOPOiHMX 3axBOptoBaHb. MeToto Lboro ornAay € 3'ACyBaHHA 0COBAMBOCTE MexaHi3MiB aHTVIOKcuAaHTHoro Brnvay MEJT npw
MG, a Takox aHani3 laHnx eKcnepyUMeHTaNbHUX AOCTIMKeHb Ta KNiHIYHIX BAMPOOYBaHb.

KntouoBi cnoBa: MenaToHiH, OKCUAAHTHIIA CTpec, MeTaboRiuHWIA CUHAPOM, OXMPIHHS, CTeaTOTUYHa XBOPoba NeyiHKi, NoB'a3aHa
3 MeTaboniyHow ACOYHKLiE, MeTaboniuHa KapaiomionaTia, LyKpoBuii giabeT.

MC — 16 CYKVIHICTD B3aEMOIOB 43aHUX
YKY

B.O. CeprieHKo,

JI1.M. CeprieHKo,
0.0. CeprieHKko

OC [4]. ¥ narienTiB i3 MC criocrepiraerbest npu-

KapaioMeTaboIiYHNX YMHHUKIB PU3UKY, 30KpeMa
OKMPIHHS, TMOPYIIEHHS TOJIEPAHTHOCTI /0 TJIO-
KO3W/Tilepriikemii, aTeporeHHol AUCJinonpoTei-
HeMil, TPOTPOMOOTUYHUX i MPO3anajbHUX CTaHiB.
[li yuHHWKY TABUIIYIOTh PU3UK po3BUTKY [1/12,
CXIIM/I, aprepiajibHoi rinepreHsii, MeTaboiaHO]
Kap/ioMionaTii Ta cepiieBoi HeoctaTHOCTi [ 1, 2].
[Tatorenes MC 3HauHOIO MIpOIO 3yMOBIIEHUIT
anchamancoM MpOOKCUAHTIB i aHTHOKCHIAHTIB [ 3],
3okpema, Hajuiok POK ta PMA npusBoauth 10

© B.O. CepeieHko, B.b. Cezit, J1.M. Cepeierko, O.0. CepeieHko
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THiYeHHST aKTUBHOCTI aHTMOKCUJAHTHUX (epMeH-
TiB Ta BUIi piBHI MapkepiB OC, roJJOBHUM YMHOM
[TOJI [5]. OC, 1m0 BUHUKAE BHACJIZIOK HAJMiPHOTO
BHYTPITHBOKJIITHHHOTO Hakonnuerns POK i POA
Ta 1HIMIWX BUJIBHUX PAJUKATIB CIPUSIE PO3BUTKY
oxxupinnst, MC, [1/12, mocTTpaBMaTuaHOTO CTPECO-
Boro poanany Ta ini. [3]. [locunenna OC npusso-
JIUTh /10 TPUCKOPEHOTo (pOpMyBaHHS KiHIIEBUX ITPO-
JYKTiB TJIIKyBaHH:, a iX B3aEMO/Iisl i3 pelienropamu
iHimitoe Kackaj MaTtoiz3ioNoriyHuX CUTHATBHUX
MIJISIXIB 3 YTBOPEHHAM ITPO3alajibHUX IUTOKIHIB i,
TaKUM YIHOM, T1ie Oisbine aktuBye OC [6].
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[Topy1iennst ToJiepaHTHOCTI /IO TJIIOKO3U /TiTep-
rikemis i gucsinonporeinemiss 36iabIIYIOTh IPO-
nykiito POK Ta okucHioBasibHe TOMIKO/KEHHS,
CIIPUSIIOTh PO3BUTKY 1HCYJIHOBOI PE3UCTEHTHOCTI
(IP), enprorenianbaoi AMCHYHKINT Ta €HEPTETUYHO-
ro aucmerabostismy [7, 8]. Jucbananc Mixk akTHB-
mictio katanasu (KAT) i Cu-Zn cynepokcumuc-
myTasu (CO/I) ra npoxaykiiero POK migBuiinye pu-
3uk po3Butky OC. Hajuikose yreopentst POK i
P®A Ta/abo 3HIsKeHA 3MaTHICTD X YCYHEHHS MTPU
OC-acorriiioBaHuX po3Jajilax CIPUSE TTPUTHIYEH-
HIO aKTUBHOCTI aHTUOKCUAHTHUX (PePMEHTIB, 110
MPU3BOUTD /10 OKCUIAHTHOTO YITKOKeHH [9].

Osupinng, MC Ta ix yckJajgHeHHs OB’ sI3aHi
TaKOX i3 MeTazamaJieHHIM (XPOHIUYHUM 3amajieH-
HaM HU3bKoI iHTeHcuBHOCTI (X3HI), Mmitoxonpi-
QJIbHOIO JIMC(HYHKITNIEI, KIITUHHUM aroNTO30M Ta
OC, siKi CBO€EIO Yeproio, MOKyTb OYyTH TIPUUUHOTO
TopyIieHb cekpertii iHcyainy, I[P ta enepretuunoro
romeoctasy [10].

3 MeTOI0 OINTHMIi3alii HeraTHBHOTO BILIUBY
BIJTbHUX PAIUKAJIIB IMUPOKO 3aCTOCOBYIOTh aHTH-
okcuzantu (6era-kaporus, Bitaminu C i E, cenen
tain.) [11]. OcobiuBe Miclie cepes aHTHOKUCTIOBa-
4iB nocizae ropmoH ermidiza MEJI [12, 13]. 3oxpe-
Ma, BBaskaeThest, 1m0 MEJI € 6i/1bIn OTYKHUM 110-
TJINHAYeM BIIbHUX pajinKadiB, Hix BiTamin E [14].

B ocranHi poxm crocrepiraeTbcsl 3allikaBJie-
HICTb /10 BUBYEHHS B3a€MO3B’43KiB Mixk MC, oxxu-
pirtsim, OC i MEJI [15]. [Ipunyckatots, mo MEJI
amentnye OC 3aBAgKY CBOIM MOTEHITIHHUM BIACTH-
BOCTSM TIOTJIMHAHHS BUTBHUX pagukamis [16].

MEJI: 0co6auBOCTI aHTHOKCHIAHTHUX e(heKTiB

Businbnenns MEJI 3 emridisa, sike ommocepeako-
BYETBCS Cyllpaxia3MaTUYHUM $I/IPOM, € 1eHTpasb-
HUM DEryJasTopoM J0060Boro purMmy. JlecuHXpoHi-
3allis UPKAJHOIO PUTMY BUKJIUKAE MeTabO/iuHi
nopytienss [14]. 3okpema, TOCTPUME HACTiIKAMU
JIECHHXPOHO3Y MOKYTh OYTH TIOPYIIEHHS YyTJIH-
BOCTI /10 1HCYTiHY, cekpeltii koptuzomry Ta MEJI, ap-
TepiaJbHOTO TUCKY, MOJYJIALI] ceplieBOl JisIbHOC-
Ti aBTOHOMHOIO HEPBOBOIO cucteMoio Tormio [17].
Jlecunxponizaiiiss 1060BUX PUTMIB aCOLIIOETHCS 3
HU3KOI0 3aXBOPIOBAHb, 30KpPEMa, CEpIIEBO-CY/ANH-
HUME Ta MeTabosrigHnmMu posaagamu [ 18, 19].

[IposemoHcTpOBaHO, MO B CaMIIiB ILYPiB JIiHii
Wistar, gki 3HaXoAWJIUCh B yMOBax ITPUMYCOBOI
JIeCUHXPOHI3allii BHYTPIITHIX PUTMIB, CIIOCTepira-
I0TbCS TIOPYIIEHHSI PYXOBOI aKTUBHOCTI, JIUCJIIIIO-
npoTeiHeMis, 3HauHa rinepTpodis My4yKoBOI 30HU

KOPY Ha[HUPKOBUX 32103, HU3bKa eKCIIpecist O1/1KiB
B-cyboxuuuiti iHcysiHoBoro perenrtopa (insulin
receptor subunits B, IRB), cyGerpary iHcystiHO-
Boro pertenrtopa 2 (insulin receptor substrates 2,
IRS2), docharuanainosuron-3-kinasu (phospha-
tidylinositol 3-kinase, PI3K), mporeinkinasu B
(protein kinase B, Akt), CO/I, KAT, a tako:x -
BUIleHa  eKkcrpecis  docdoeHommpyBaTkapoo-
kcukinasu (phosphoenolpyruvate carboxykinase,
PEPCK) B meuinmi. Buxigni mokasHuKN 9acToTH
CeplieBUX CKOPOYEHb i cepelHbOTo apTepiajbHOro
THCKY 30epirajuch, OfHAK CIOCTEPITaEThCS 3HU-
skeHHs bapopediekTopHoi uyTausocti [20]. OTixke,
JIECHHXPOHI3allist 1060BOTO Yacy MOXKe CIPUYUHI-
TH KapaioMeTabo i uHi TOPYIIeHHS.

IlenTpaspHa HEPBOBA CUCTEMA i MO30K CXUJIBHI
10 OC, a BUKOPUCTAHHS aHTUOKCU/IAHTIB, TAKUX SIK
MEJI, mMoe 3amobirti MpOOKCHIaHTHO-aHTHOK-
cugantHomy aucbamnancy [21]. TIpogemoncTpoBa-
HO, 110 Tepopasbie npusnadenus 10 mr MEJI/kr
MacH Tijia poTaroM 15 AHIB CIIpusie 3MeHIIeHHIO
BMmicTy 4-rimpokcunonenany (4-hydroxynonenal,
4-HNE) — omHOro 3 OCHOBHMX ITUTOTOKCUYHUX
asmperigis I1OJI, 3amobirae miBUIEHHIO PiBHIB
romonucTeiny, amizoiny-p42 (amyloid-B42) i ray-
6ika (microtubule-associated protein tau, MAPT)
B CTPYKTYpax TilOKaMIia Ta KOPU TOJIOBHOTO MO3KY
nrypiB i3 crpernro3oronuu(streptozotocin, STZ)-
HiKOTUHaMi iHgyKkoBanum [1/12.

BBakaeTbcs, 10 BUABJIEHI 3MiHM 3yMOBJEHi
3HIZKEHHSIM PiBHIB /IohaMiHy, CEPOTOHIHY Ta TJIy-
Tamary i ciyaTh 1po peryssatopHuii Biiins MEJI
Ha HelpoMeliaTOPHi NIJISXH IEeHTPaJIbHOI HEPBOBO1
cucremu |22, 23]. ImoBipHo, 1110 ek3oreHHnit MEJI
3/1aTHUI BIIMBATU HAa HAKOIIMYEHHS Ta BUBILJIbHEH-
Hg HelpoMe[iaTopiB y TiloTajJaMyci MIJISXOM MO-
nudikallii MexaHi3MiB iX TOTJIMHAHHS, & He TIJITXOM
KOHKYpeHIIii 3 Tpancmmitepom |24, 25]. MEJI 3ua-
YHO 3HIIKYE PiBeHb Kactnaszu-3 (caspase-3, CASP3)
Ta anmonToTHYHOro Gika (apoptosis regulator, Bax),
a TaKO)K CyTTEBO 301JIBIIYE KiJIBKICTH aHTHAIIOI-
TotruHoro Ginka (apoptosis regulator, Bcl-2) Tta
riaianbHux GibpuasgpHux kucaux nporeinis (glial
fibrillary acidic protein, GFAP)-nosutuBHuX acTpo-
nuTiB. Bizomo, 10 piBeHb CITIBBiAHOIIEHHS aIloll-
ToTnyHOro Ginka ta Bel-2 BusHauac BUHUKHEHHS
aronto3y kiitu [26]. Otxe, MEJI Bonosie anTu-
aroONTOTHYHUMU epeKTaMu i 3a106irae CTpyKTyp-
HUM 3MiHaM y TilIOKaMIIi Ta KOPi TOJIOBHOTO MO3KY.

MEJI nie GesmocepenHbo uepes pelenTop3a-
JIeKHI CUTHAJTBHI MIJISIXH, @ TAKOK OMTOCEPEKOBAHO
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SK TIOTJIMHAY BijbHUX pajukanis. MEJI onocepe-
KOBYE€ CBOIO [Ii10 yepes aBa pisui G-6iaku (guanine
nucleotide-binding proteins, G-proteins) crpsikeni
penenrropu (G protein-coupled receptors, GPCR),
a came perentop MEJI 1-ro tumy (Melatonin re-
ceptor type 1A) ta pemnentop MEJI 2-ro Tumy
(Melatonin receptor type 1B). IIpu 38’s13yBanHi 3
pettenrtopamu M EJI Moske BimBaT Ha KPOBOHOC-
Hi cyawHU Ta cepiie [27].

[ToBimoMIISIETBCS, TIIO EKCITPECis TeHIB perenTopa
MEJI 3-ro tumy (Melatonin receptor type 1C) nipu-
ruiuye redepaitiito POK B mitoxonapisx (Mrt), 3a-
1o6ira€ HaJIXOJKEHHIO BiJIHOBJIIOBAJIbHUX €KBiBa-
JIEHTIB B €JIEKTPOHHO-TPAHCIIOPTHUH JiaHIior [28].
binox pertenirropa MEJI 3-ro Tuny Ha 95% inentuy-
HUl XiHOH-pemykTasi 2 (quinone reductase 2, QR2)
monuan [29]. Ockimbku pertenitop MEJI 3-ro tuiy
€ nuro3ospHUM (hepmerntom, To MEJI ciipomox-
HUI 31CHIOBATH aHTUOKCUIAHTHY [II0 PelenTop-
HO-He3aJIeKHUM BiJl KJITUHHOI TOBEPXHi IIJISIXOM.
MEJI 3paTHUil 1iTH SIK TPUPOJAHUN aHTUOKCUJIAHT
i morsimuay, 3meniryBatu BMmict PMA i POK, o
CIIPUSIE TAITPUMILI OKMCHO-BIIHOBHOTO TOMEOCTa3y
y kaiTrHax Ta ix 3axucty Big OC [30].

3B'azyBanss MEJI 3 pertenitopom 1-1o Tty isi-
IITO€ KaCKaJl KM TUHHUX TOiH, SKi TTPU3BOASATH 10
TpaHcaoKarii cupryiny 3 (nicotinamide adenine
dinucleotide (NAD)-dependent deacetylase sir-
tuin-3, SIRT3) B MeMOpaHy €HI0I1JIa3MATUYHOTO Pe-
TUKYJIyMy, ToB’s13aHi i3 Mt (mitochondria-associa-
ted endoplasmic reticulum membranes, MAMs),
30HY B3aeMOii MT 3 eHAO0TJIa3MaTUUYHUM PETUKY-
Jgiymom [31].

Ha xopucTh aHTHMOKCHIAHTHUX —BJIACTHBOCTEN
MEJI cBijruaTh HACTYTIHI TIOJIOKEHHST: 17IeHTU(IKOBAHO
metabosit MEJI, 1MK/IgHINA-3-TiPOKCUMETATOHIH
(cyclic-3-hydroxymelatonin, c30HM), sikwii yTBOpIO-
€TBbCS B PE3YJIBTATi 3HENTKOKEHHS TBOX TiZIPOKCUITD-
Hux paaukatis; MEJI 3parxuii Ge3mocepeiHbo morim-
HATW KUCHEBO-1IEHTPOBAaHI BiJibHI pajKaim (oxygen-
centered radicals, OCR) i POK, a Takox 3MeHIITyBa-
TH IHTEHCHUBHICTb OKMCHIOBAJILHOTO IOIIKO/PKEHHS
KJIFOYOBMX GlOJIONYHUX KTUHHUX MaKPOMOJIEKY.J
LUKJIYHII-3-TIPOKCUMEIATOHIH TaKOK Oepe y4acTh
y IETOKCUKAIIl PafiuKaiB, K i HOTO HACTYITHI MeTa-
6omitn, N-aretnn-N-popmija-5-MeTOKCUKIHY paMiH
(N-acetyl-N-formyl-5-methoxykynuramine,
AFMK), N-anerni-5-merokcukinypamin (N-acetyl-
5-methoxykynuramine, AMK). Ileii anTHOKCHIaHT-
Huit kackaz nossosise MEJI nepexbauyBano Heii-
TPasIi3yBaTH /10 IECATH TIPOMYKTiB, IO KOHTPACTYE 3
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KJIACUYHUMM MTOTTMHAYaMU BIJIbHUX PaJUKaJIiB, SKi
NETOKCUKYIOTD JIUTIIE OIHY OKUCHIOBAIBHY MOJIEKY -
ay [12, 32]. Takum unnowm, merabositu MEJI ma-
I0Thb AaHTHOKCHU/IAHTHI e(heKTH Ta TTOCUJIIOI0Th HOTO
nito [33].

Otxe, MEJI Boosiie npsmMumu, HepSAMUMHA Ta
pelenTOpHO-0TI0cePe/IKOBaHUMH  epekTamMu.  30-
KpeMa, HeiPOropMoH Ta fioro MeTaboJIiTH € IIPSIMU-
MU TTOTJIMHAYAMY OLJIBINTOCTI BUIBHUX PAJUKATIB y
KJIITMHAX i3 MEBHOIO CIeNM(IIHOIO CTIOPiIHEHICTIO
no cyberpary. MEJI — 1ie He TOTYKHUN TIPSMUI
MOTJIMHAY CYIIEPOKCH/IHOTO aHiOH-pajiiKaja, aje
6isbIn e(heKTUBHUI Y 3aXOIUIEHH] TiAPOKCUIBHIX
PaIMKaJIiB, HiK 1010 MeTaboJIiTH ab0 II0IepeHIKI
(N-amerusnceporoHin i ceporonin). MEJI 3mentye
ITOJI mix yac OKMCHIOBAJIBHUX BUKJIWKIB, IMOBIp-
HO, IIJISIXOM 3aTPUMKHM HOT0 iHiIiallii, a He MpsiMOro
3HENTKOKEHHS TePOKCUIHOTO pagnkasa [13].

Oxpim 1ux npsmux (6esnocepesitix) edekris,
MEJI nie omocepekoBaHo, a came, Bi/THOBJIIOE OKHUC-
HO-BiTHOBHY piBHOBary ILISIXOM aKTUBAIll aHTU-
oxkcusanTHUX (hbepmentiB (CO/I, rayTaTionnepok-
cunasu (I'TIO), rnyrationpenykrazu 1 KAT); npu-
THIYeHHST aKTUBHOCTI MMPOOKCU/IAaHTHUX (hePMEHTIB
(cuntaz okcuay asory (nitric oxide synthases,
NOS), ninokcurenas i, IMOBIPHO, XiHOHPEIYKTa3N
2 [28]. MEJI, B ocroBHOMY, TiaBuIny€E piBai MPHK
Mn CO/I, Cu-Zn CO/I i I'TIO, a Takox BHYyTpiII-
npoksriTuHHI piBHi GSH. Ileit edext mocsaraerbes
HIJIAXOM  CTUMYJIAIL  Y-TJIYTaMiJIUCTEIHCUHTA3U
(y-glutamylcysteine synthase, GCL), depmenty,
o obMeskye mBuakicts cunresy GSH [24]. MEJI
TaKOK PEryJIioe TpaHCKpuIiiitamii ¢akrop Nrf2
(nuclear factor erythroid 2-related factor 2, Nrf2),
KWW 3B’I3YETHCS B SJIPi 3 €JIEMEHTOM aHTHOKCH-
maHTHOI Bigmosiai (antioxidant response element,
ARE) na nmpomotopniit gisgaii CO/l i I'T1O [33].

Bmmms MEJI Ha npouecu agunoreHesy, O:KH-
pinHsa Ta ctan OC

ApurioreHe3 TICHO IIOB’sI3aHMI i3 IIpolieca-
mu yrtBoperHs PDOK, 30kpema, KUpoBa TKaHU-
Ha € onHuM 3 ocHoBHUX iKepen POK npu MC
[34, 35]. MesenximManbHi CcTOBOYPOBI KJIITHHM
(mesenchymal stem cells, MSCs) mmsixom aude-
PEeHIIIOBaHHsI TIepexosaTh y Oimi, 6exesi ta Oypi
MpeaiumonuT 1, Hajam, 3piai agunonutu [36].
OJKUPIHHST XapaKTePU3YEThCsT HAKOMUYEHHsIM Oi-
Ji01 skupoBoi Tkarutu (white adipose tissue, WAT)
i mpu MC crioctepiraerbest HArpOMaZKEHHsT O1IIX
agumnoruTis (white adipocytes, WA), sike € Oisbii
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iHTeHCUBHUM Y BiciepasbHiil aisstaii. «IToOypin-
Hs1» OLIMX aJUIIONUTIB TIOB’sI3aHe 3 MOKPAICHHSIM
MeTaboiuHNX (DEHOTHUITIB, 30KpeMa, aKTHBAI€I0
ginomizy. OTxe, nouyk papMakoJIOriyHUX MiX0-
JIB i3 METOIO JIOCSATHEHHSI e(DeKTIB <00y PiHHST» Oi-
JINX aJIUTIONMUTIB € HOBUM HAIIPAMKOM Y JIIKyBaHH1
oxkupinns, a MEJI Bosiozie Takumu edextamu [37].

[Tponemoncrposano, mo MEJI crnpusie nude-
peHItiarii Me3eHXiMaIbHUX CTOBOYPOBUX KJIITHH,
OTPUMAHUX 13 JiNoacHipaTiB JIOAWHU Ta MIyPiB
aiuii Zucker diabetic fatty (ZDF) 3 oxupinusim.
Kpim Toro, MEJI niocuimioe excripecito TepMOTeHi-
Hy (thermogenin, uncoupling protein 1, UCP1)
Ta Yy-KOaKTHBaTopa-1-a perentopa, MO aKTUBY-
€Thbcs TpOoTihepaTopoM TepoKcucoM (peroxisome
proliferator-activated receptor-y coactivator-1aq,
PGC-1a) B mudepenniioBanux aaunorurtax. [i
pesyJbraty cBiguath, mo MEJI 36i/bIy€ KilbKicTh
6ypoi sxuposoi Tkanunu (brown adipose tissue,
BAT) Bnacaizok TtpancamdepeHItialiii agumom-
TiB i qudpepentiarii de novo [38]. Kpim Toro, MEJI
PETYJIIOE eKCIIPECito TeHiB TePMOTEHIHY, SKUi, sIK
Bi/IOMO, MPUTHIYYE TTPOYKITIO MiTOXOH/PiaTbHUX
P®OK, #iMOBIpHO, NLISXOM 3HMKEHHS MeMOpaH-
Horo mnoreniiaay Mt (mitochondria membrane
potential, MMP) [39, 40].

[ToBigomasgeTbCs, MO T0aBaHHS B TUTHY BOIY
omroro mr MEJI/Kr/no0y, MpoTsATOM JECSITH THIK-
HiB Muiam-camirsm Jinii C57BL/6 3 oxupinHsM,
iHgykoBaHuM Brcokoxkuposoio gieroro (high fat
diet, HFD), 3ano6irae 36ijbInerHio Macu Tijia. Bu-
SIBJICHI 3MiHM BiZOYBalOThCS 3aBASKNA 3HUKEHHIO
IMBUAKOCTI JHTIOTeHEe3y Ta aKTWBAIIil JIMOJiTIY-
HOI 3MaTHOCTI OIIMX a[UTIOIUTIB 31 301TBbIICHISIM
CIIO;KMBAaHHS KHUCHIO Ta €KCIIpecii perenTopiB-y
KoakTuBaropa IposidepaTopa repokcucom 1-a.
Y cykynHocti 1e 3amobirae rimeprpodil aaumo-
IUTIB, i, BIAMOBIIHO, 3MEHIIIEHHIO OXupinusg. Ha-
periti, MEJI 3meHIIIye yTBOPEHHST «KOPOHYACTOI»
crpykrypu (crown-like-structure, CLS), a Takox
3HUIKYE €KCITPECiio TeHiB JIENTUHY 1 MOHOIUTAp-
HOTO XeMOTaKCU4yHOro mpoteiny-1 (monocyte-
chemoattractant protein-1, MCP-1) [41]. Otke,
MEJI neMoHCTpy€E MOTeHIiasl JJs1 BiJIHOBJIEHHS
MPOTU3ANATBLHOTO M OKCUAHTHOTO CTATyCy B afif-
MOTIMTaX TBAPWH 3 OKUPIHHSIM.

BxxuBanus mrypamu-camigmu Jiinii Wistar 3
OKUPIHHAM, 1HAYKOBAaHUM BUCOKOKMPOBOIO [li-
eroto, 4 mr MEJI/kr nipotsirom 12 TuxXHIB cripusie
3MEHIIIEHHIO Baru, PiBHI MaJIOHOBOTO Jliajibjierija
(MIA), iaTepaetikina (1J1)-6, cedoBoi kucaoTH,

r1ok030-6-docdaraeriaporenasu, GSH, oxcumy
a30Ty Ta UPKYJIOI0YOro 00eCTaTuHy B KPOBI, K-
posiit TkanwHi Ta mevinimi. OTxe, MEJI akTuBHO
3aJly4eHUN JIJIsT KOPEKIlii MOpYIIeHb JIIMiJHOTO i
11e4iHKOBOrO MeTaboIi3aMy 1pu OxKupinHi. VIMoBip-
HUMK nuisixamu BBy MEJI moske 6yTH mipurHi-
yernst OC/X3HI-3anexnnx MexaHi3miB Ta 11i/1BU-
IIEHHS PiBHS LUPKYJII0I040ro obecraruny [42].

Buyrpimuboneputoneanbie BBemeHHS 20 Mr
MEJI/kr mpotsarom 12 TWXHIB MUIIaMm JIiHil
C57BL/6] 3 okupiHHsM, iHAYKOBaHUM BHUCOKO-
JKUPOBOIO JIIETOI0 CTUMYJIIOE aKTUBHICTH OYPOT K-
POBOI TKAHUHU, CYTPOBO/KYETHCS 3MEHIICHHSIM
Bary, [P, rineprpodii agunonutis i mposisie X3HI
ta CXIIM/I. Kpim Toro, MEJI cripusie 36i1bIeHHIO
eKcrpecii TepMoreHiHa B Oypiil JKUPOBIN TKAHIHI.
3okpema, MEJI cipuunHsie 3cyB eHepreTuaHOro
MeTaboJi3My Ha KOPHMCTh YTUJi3allii sKUpiB, Mii-
BuUIlly€ piBeHb (axrTopa pocry ¢ibpobaacris 21
(fibroblast growth factor 21, FGF21) B uposiii
TKaHnHi 1 meuini; aktuBHicth CO/l, KAT, I'TIO B
nedinii ta dochopumoBanas AMD-akTrBoBaHOI
nporeinkinasu (AMP-activated protein kinase,
AMPK) B mocMmyrosanux m’sizax. VIMOBipHO, 1110
i epexktn MEJI 3amexatp Bifi cTaHy aKTUBHOCTI
excipecii ¢akropa pocry ¢ibpobaacris 21 [40].
Bimowmo, 1mo 1eit hakTop pocty peryJioe audepen-
nitoBantst B Oypi agumonutu (brown adipocytes,
BA), 30xpema, miiBUAIILYE PETYJISAIi0 TEPMOTEHIHA
Ta pelenTopiB-y KoakTuBaTopa Iposidepartopa 1e-
pokcucoM 1-a, 0T:ke, CIIpusie TepMOTEHe3y B KUPO-
Bitt TRanuHi [40].

[TpomemoncTpoBaHo, MO y XBOPUX 3 OKHUPIiH-
HsM, stki orpumyBaiu 10 mr MEJI /100y nipotsirom
OJIHOTO MICSIIST Ha TJi TiIOKaJOPifiHOI II€TH, CIIO-
CTepiraeTbCsl 3HaYHe 3HUKEHHS Macu Tija, 3MeH-
meHHd kouteHTpaiii M/IA, 3nauyiie 3pocTaHHs
PiBHIB a/IMTIOHEKTUHY Ta OMEHTUHY-1, a TaKOX aK-
TUBHOCTI IJTyTationpeaykrasu [43].

Pesysibratu paH/10Mi30BaHOTO KJIIHIYHOTO [10-
cuimkensst (PK/) BBy mectu mr MEJI/no6y
a6o 11anebo 3 HU3BKOKAIOPIIHOIO JIE€TOI0 MPOTSI-
rom 40 nuiB Ha nokazuuku X3HI ta OC y xiHok 3
OKUPIHHAM TToKa3asu, o MEJI ciipuse 3nauymio-
My 3MEHIIEeHHIO Cepe/lHiX PiBHIB (pakTopa HEKpo-
3y nyxsuau-a (OHII-a), 1JI-6, Bucokouytausoro
C-peakrusnoro 6Oisnka (high-sensitivity C-reactive
protein, hs-CRP) ta M/IA B cuposariii kposi [44].
Pesyavsratu PK/l y xBopux i3 MC npogemMoHCTpy-
BaJIM, 1110 pusHadyeHds 6 mr/mnoby MEJI y kancy-
JIaX TPOTATOM 12-THKHEBOTO TIepiory CIpusie 3Ha-
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YoMy 3HUKEHHIO piBHA enjoTeminy-1 ta M/IA,
a TaKOX BIpOTiZIHOMY 301JbIIEHHI0 AKTUBHOCTI

COJL [45].

Brums MEJI Ha aHTHOKCHIAHTHY CHCTEMY Iie-
YiHKH

Bizomo, 1110 mopyIieHHs roMeocTasy IMediHKu
CHIPUSIE PO3BUTKY Psily MeTabOJIYHUX 3aXBOPIO-
BaHb, a MT Ta eHJOTJIa3MaTUIHUN PETUKYJIYM €
KJIIOUOBUMHU peryJisitopamu Metaboutismy. 1li op-
raHeJin, 3 MeToro oOMiny JiinigiB, Ca?* Ta peryJsiiii
KJIITUHHOT'O TOMEeOCTa3y, KOHTPOJIIO CUTHAJII3allil Ta
MeTaboJIi3My 1HCYJIIHY B I€YiHIl, B3a€EMOIIIOTH Ha
JJISTHKAX MeMOpaHU €H/I0ILIa3MAaTHYHOTO PETUKY-
JIyMY, TIOB’s13aHO1 3 MT.

MEJI Bigirpae BaXJuUBY POJIb Yy MiTOXOHIPI-
QJIBHOMY TOMEOCTa3i, 30KpeMa IMiJITPUMYE TOTIK
€JIEKTPOHIB, Mi/IBUIIYE AKTHUBHICTb KOMILIEKCIB [
i IV puxanpHoro Jsaniiora, nepemko/sKae 3JIuT-
tio Mt nipu OC [46]. OT1ke, OfHIEIO 3 BAKIMBUX
disionoriunux ¢ynkmiit MEJI € fioro 3matHicTh
oM sikniryBatu iepebir OC i BpiBHOBaKyBaTH TIPO-
OKCHUIaHTHO-aHTHOKCHIQHTHUH fucOamanc [47].

[Tupky.otounit MEJI, 0ocobmMBo B yMOBax iH-
teHcuBHOTO Tiepebiry OC, MBUIKO 3HUKAE 3 KPO-
Bi, MOXJIMBO, Uyepe3 HOTO TMOTJIAWHAHHS KJIITHHAMMU.
3okpema, aHasi3 cyOkmiTHHHOTO posmnoxiny MEJI
BUSBUB, 1110 KOHIIEHTpPaIlis iH10ay B MT 3Ha4HO 11e-
pesuiiye BMicT y KpoBi. [Ipunyckaerbed, o MEJI
1ijlecIpsAMOBaHO ToTparvisie B MT 1, WMOBIpHO,
(dbyHKIiOHy€E SK MPOBIAHUI aHTHOKCUIAHT. Kpim
TOr0, BiAIIIOBITHO 10 TI0JIOKEHb Teopii eHgocumbio-
renesy, MEJI Takox moske BupobsTicsa B M. Ta-
kuM ynHOoM, MEJI He TifbKM TIOTJIMHA€EThCsT MT,
ajie 11 OpraHeJid TaKOX, WMOBIPHO, MPOAYKYIOTh
MEJI. Bucoki xonnentpaiiii MEJI Ta iforo anTu-
OKCHUJIaHTHI BJIACTUBOCTI 3a6e31euyioTh IOTYK-
HU aHTUOKCUIAHTHUN 3aXUCT MT, 9Ki 9yTauBI 710
3POCTaHHS BMICTY BiTbHUX panukamis [12].

ATIIOIITO3 TenaToluTiB, Ha JOJATOK 0 HACJIij-
KiB akTuBarii porecis OC, Moke OyTH KIIOYOBUM
komrionernToM narorenesy CXITM/I. Tlosigomuis-
€THCS, 10 B IIIYPiB 3 OKUPIHHAM, 1HAYKOBAaHUM BU-
COKOKMPOBOIO JIIETOIO, Bi3yasi3ylOThCS UYUCICHHI
arforTO3Hi TEMaToIUTH, O MOB’SI3YI0Th i3 BUNIUM
piBHEM PO3IIEIJIEHHSI HEAKTUBHOTO TIONEepPe/IHNKA
kacnazu-3. PosniensieHHd i akTUBaIlisg oJ[HIX Kac-
a3 iHIUME cripusie (hOPMYBAHHIO TPOTEOJII TUYHO-
TO KacKaJy, SKUi CyTTEBO MOCUTIOE CUTHAJ 1, 3 TIeB-
HOTIO MOMEHTY, aIlolTO3 CTA€ HE3BOPOTHUM IIPOIIe-
com. Kpim Toro, crioctepiraerbcst akTuBariist ¢-Jun
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N-kinteBoi kinasu (c-Jun N-terminal kinase, JNK)
i mpoanontuurux 6iakiB. Omke, masumenuii OC
i ToB’s3aHa 3 HUM aKTUBaItlis c-Jun N-KiHIeBOi Ki-
Ha3M, a TaKOK AucOaTaHC MPO- 1 AHTHATIONTHYHIX
6iskiB poauau Bel-2 crnipusiiorh BUCOKOMY PiBHIO
arorTo3y KJITHH, 1110 MOKe BiJlirpaBaTU BaXKJIu-
By poub y natorenesi CXIIM/I [48]. Ha nonatox,
nmuTokinaM, po3Butky X3HI mamexartp mposinna
POJb Y PETYAIOBAaHHI HAKOTTMYEHHS JITIiB y MeviH-
i ta nporpecyBanHi CXIIM/I. HecripomoskHicTb
iMyHHOT cucremu 36aaHCyBaTH HAJJIUAIIOK TIPO-
3aaJbHUX IUTOKIHIB TPU3BOUTD /10 TIOCUJIEHOTO
yrBopettsi POK i mopyienp JimigHoro o6miny.
Hagmmox POK B kiaiTuHHI MeMOpaHi Takox
36isbinye BuBiibHeHHss OHII-a B JKuUpOBiil TKaHK-
i, kritnaax Kyndepa (Kupffer cells) tomo [49].
[Tpopemoncrposano, 1mo MEJI mociabioe
[TOJI, sumxkye pisenb oxkucHenoro GSH i migsu-
nrye aktuHicTb ['TIO B nevintii nrypis i3 sginormnori-
caxapuz (lipopolysaccharide (LPS)-ingykoBanum
OC [33]. Otke, imoBipHo, 1m0 MEJI moxe Gytu
YHiBEpPCATHHUM TeTaTOMPOTEKTOPOM.

MEJI i MeTabosiuna KapaioMionaris

OC i X3HI nporpecuBHO 3MiHIOIOTH 1iepedir me-
TabOJIIYHUX TIPOIIECIB Y CEPILi, 0 MOKE TPU3BECTH
10 dhopmyBanisa GeHoTuny MeTaboiuHOol Kapaio-
MiomaTii i, 3pemITolo, /10 CepIieBOi HEOCTAaTHOCTI
[50, 51]. POK akTtuByioTh pi3Hi cUrHa/IbHI KiHA31
Ta (haKTOpU TPAHCKPHUIIIi, SIKi CHPUSIOTh POCTY
MiOKap/ia, peopranizailii MaTPUKCY Ta KJIITUHHIN
muchyHKIii [23, 52].

Binomo, mo enpoTremianbHI KJIITHHU MiKPOCY-
miH Miokapaa (microvascular endothelial cells,
CMECs) € He TinbKU BakKJTMBUMU KJIITUHHUMU
MeJliaTopaMu BacKyJisgpusallii cepiid, aje W Biji-
IpaioTh BAXJIWBY POJib y TaTodi3ionorii HU3KU
3aXBOPIOBaHb, 30KpeMa MeTaboJiyHOl Kapaiomio-
matil. Zhu H. et al. BuBuasnm mMexanizmu, 3a 10ITOMO-
rofo siknux OC 1poBoKy€e 3arnOesb eH0TETIOINTIB
MIKPOCY/IMH MiOKapjia Ta OCOOJMBOCTEil BILIMBY
MEJI na ix BwxkuBanns. [Tokazano, mo OC, inyko-
Baumii nepokcugoM Boxanio (hydrogen peroxide,
H,0,) 3HaYHO aKTUBYE IIAX IMKJIIYHOTO aAeHO-
sunmoHodocaty (cyclicadenosinemonophosphate,
cAMP)-6is0k, 110 3B’s13ye cAMP-3asexxHuit ee-
mMeHT (cAMP response element-binding protein,
CREB), gkuii mocusioe TPaHCKPUIIIIIO Ta eKc-
npecito inosurosi-1,4,5-Tpudocdarss’azannx pe-
nenropis (inositol 1,4,5-triphate receptor, IP3R)
i moreHIiaBaIe;KHNN aHIOHHMIT KaHasi (voltage-
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dependent anion channel, VDAC) [53]. Bussieni
3MiHU TPU3BO/IATH /10 TIEPEeBAHTAKEHHS TTUTOIIA3-
matuunuM ([Ca?']c) i MiTOXOHApIaTbHUM KaJlbIli-
em (|Ca*m).

Bucoxka kontenTpaitist [ Ca?* |m ipurniaye mem6-
pannuii morenitian Mt (mitochondrial membrane
potential, A¥m), BigkpuBae MiTOXOH/IpiajibHi TOpU
nepexigaoi mpounkHocTi (mPTP) B MT i BuBiIH-
Hse nutoxpoMm ¢ (cytochrome complex, cyt ¢) y
IUTOTIIa3MY, 10 aKTUBY€E MT-3a/e;KHUN MIJISAX 3a-
ruGesti. MEJI cTtumyJIioe curHaJbHUI MIJISIX TPOTe-
iHKiHA3M, 110 aKTUBYEThCS MiToreHamu (mitogen-
activated protein kinase, MAPK) /mo3akiiTHHHOI
curHaj-peryaboBanol kinasu (extracellular signal-
regulated kinase, ERK) i cympoBomKyeThest iHak-
TUBaIli€eo OinKka, mo 38’s13ye cAMP-3anexuuii ere-
MEHT i, TAKUM YUHOM, OJIOKY€ IMOCUJIEHHST PETYJIATI1
inosutosi-1,4,5-tpudocdar3s’sisanux perenTopis,/
MOTeHIlia/I3a/Ie;KHUX aHIOHHUX KaHa/iB Ta Iepe-
BaHTaKEHHS IIUTOIIA3MaTUYHOT0,/MiTOXOH/IPiasib-
noro Ca?*. Otxxe, MEJI miaTpumye cTpyKTYpHY Ta
(dyHKITIOHATBHY THiTiCHICTE MT i, 3pemntTor, 6JI0Kye
MITOXOH/IPiaJIbHO-OTIOCEPEIKOBAHY KJIITUHHY 3a-
rubess [53].

Pesynsratu mertaananizy 12 PK/[ y xBopux i3
CC3 nipojieMOHCTPYBAN 3B’ 130K MiK BKUBAHHSIM
MEJI Ta 3HaYHUM ITiIBUIIIEHHIM MOKA3HUKIB 3a-
raJbHOI aHTHMOKCHIAHTHOI 37aTHOCTI KpoBi (total
antioxidant capacity, TAC), pisuss GSH, akrus-
Hocti CO/I, rayraTtioHpeayKTasu, a TaKoK 3HAUY-
M 3urkeHHsaM pisas M/IA. Otxe, MEJI cipusie
3HavHOMY TTO3uTUBHOMY BBy Ha ctan OC [16].

Antnokcumanti epexktn MEJI npu nykposo-
My miaGeri

B-KJIITUHU BOJIOAIIOTH CTaOKOI0 aHTHOKCH/IAHT-
HOIO 3/IaTHICTIO. 30KpeMa, eKCIIpecisi reHiB aHTH-
OKCUJIAHTIB y B-KIITWMHAX MiIMJIYHKOBOI 3703,
MOPIBHSTHO 3 MEYiHKOI0, Maiizke BABIUi HIKYa |94,
55]. IIpomemMoHCTPOBAHO, 1O B KYJBTYPi KJITHH
incyminomu urypis INS-1 (INS-1 cell), B ymoBax
TJTIOKOTOKCUYHOCTI Ta TIIOKOJIIMOTOKCUYHOCTI, 1H-
JIYKOBAHUX TIMEPIIiKEeMI€I0 Ta J0/laBaHHAM MaJlb-
MiTaTy, CIIOCTEPITAETHCSA TPUCKOPEHE CTapiHH4,
aKTUBAIligd anonTOo3Yy, 3yIMHKA KJIITUHHOTO ITUKITY,
CKOMITDOMETOBAHUI €HJIOTeHHWI aHTUOKCUIAHT-
HUIl 3aXUCT Ta MMOPYUIEHHS TJII0OKO30-CTUMYJIbOBa-
Hoi cekperii incyuiny (glucose stimulated insulin
secretion, GSIS). MEJI cripusie 3MeHIIeHHIO amor-
TO3Y Ta eKcIpecii OLIKIB, OB’ A3aHKX 31 CTaPIHHIM,
MiBUIIEHHIO  €HJOTeHHOTO  aHTUOKCUAHTHOTO

3aXHUCTy Ta TJIIOKO30-CTUMYJIbOBAHOI CeKperlii iH-
cyniny. MEJI nopmamnisye pisai Mn-CO/[ i KAT y
[JIIOKOTOKCUYHUX YMOBAX, MiJIBUIIYE 1X aKTUBHICTb
y TmoKoinorokenyanx ymonax. Otxe, MEJI 3axu-
A€ B-KITUHY TiAMUTYHKOBOI 3aJ1031 BiJT allONTO3Y,
3MEHIIIYE EKCITPECIT0 MapKePiB, MOB'I3aHUX 13 MPHU-
CKOPEHUM CTapiHHSAM, Ta TOKpAIly€e MOPYIIeHHS,
CIPUYMHEH] TJIIOKO- i IIIOKOJITIOTOKCHUHICTIO [56].

[IpopemoncTpoBano, 1o B 1ypiB Jinii Wistar
31 CTPENTO30TONNH-THIYKOBAaHUM iadeToM CITo-
CTepira€TbCsl 3HaAYylle Ii/[BUIIEHHS KOHIEHTpa-
1ii TJITOKO3U B KPOBI, 3arajibHOI aHTUOKCUIAHTHOI
3/IaTHOCTI KPOBi, KpeaTuHkiHaszu-MB, enporesni-
Hy-1, Miorno6iny, cepiieBoro Oijika, IO 3B’sI3ye
sxupHi kucaorn (cardiac fatty acid binding protein,
H-FABP), ceuoBunu Ta kpearnHiny. BogHouac Bu-
SIBJIEHO BipOTijiHE 3HWKEHHS KOHIIEHTPAIlil 1HCYJIi-
HY B KPOBI il 3arajibHOI aHTUOKCUIAHTHOI 3/IaTHOCTI
KpPOBI, a TaKOK TiCTOJIOTIYHI 3MiHU CTPYKTYPHU Mi-
ohibpu i simep kapaiomionutis. Buyrpinrabooue-
pesunHe BBesierHst 10 Mr/kr/n06y MEJI npotsirom
YOTUPHOX TUIKHIB CIIPUSIE 3HAYHOMY TTOKPAIIEHHTO
O10XIMIYHUX ITOKA3HUKIB, TO3UTUBHUM 3MiHaM TicC-
TOJIOTIYHUX TIOPYIIIEHD [57].

Baxusanns mypamu Jinii Zucker diabetic fatty
3 oxkupinaaM 10 mr MEJI/kr macu Tima mpotsarom
IIECTH THIKHIB, 301/IbIY€E MOKA3HUKKM KoedillieHTa
JMXaIbHOTO KOHTpOJO (respiratory control ratio,
RCR) B Mrt, orpumanux i3 Oypux ajMIOIUTIB.
Kpim toro, MEJI nmo3utuBHO BIJINBAE Ha TIOKa3-
HUKW THIEKCY CHPsUKeHHS AnXan#s/dochopuio-
BaHHs ajeHosuaMonodocdary (phosphorylation
coefficient, ADP/O ratio), 3HWXKY€, BHaCJiJOK
3MeHIIeHH piBHs HITpUTIB Ta aktuBailii CO/I, Hi-
TPO3aTUBHUM Ta OKUCHIOBAJIbHUN cTaTyc MT. Baxk-
JgnBo, Mo MEJI npurHiyye MiTOXOH/IpiaibHY TTOPY
nepexiznoi npounknocti. Otxe, MEJI nokpantye
MIiTOXOH/IpiajibHe JUXaHHS B OypPUX aJUIIOIMTaX,
onnovacHo 3menIye OC i HITPO3aTUBHUI CTPeC Ta
YYTIUBICTH AJIUTIONUTIB /10 artonTosy [47].

MojesitoBaHHS  CTPENTO30TOIMH-HIKOTUHAMIJI-
iHyKOBaHOTO iabeTy B ILypiB-caMIliB JiiHii Wistar
CYIPOBOIKYEThCS 3HAYHUM 30i/IbIIEHHSIM PiBHS
4-TiIPOKCUHOHEHAJIY B MiOKap/Ii Ta Ii/IIJIYHKOBII
3aj103i. KpimM TOTO, BUSIBJIEHO CYTTEBE 3MEHIIEHHS
piBasg GSH, axktusnocrti I'T1O, Bmicty LJI-10, miz-
sutiieHHs Bmicty O HII-q, IJI-6 ta IJI-13 B kpoBi
[58]. Tepopanbre BBenennst 10 mr MEJI /kr/mo0y
nporsirom 15 [HIB 3HAYHO 3armobirae MmijBUIIEHHIO
PiBHSI 4-TiIPOKCHMHOHEHAIY, CHPUSIE 30iJIbIIIEHHIO
Bmicty GSH, akTWUBHOCTI TJIyTaTioHpPEAYKTa3n Ta
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3MEHIIIeHHIO KOHIIeHTPaIlil Mpo3anajabHUX 1UTOKI-
HiB. Kpim Toro, MEJI migsumye pisenn 1JI-10 Ta
ekcripecioo antuanontToTHyHoro Ginka Bel-2. Imy-
HOTICTOXIMIYHE JIOCJII/IKEHHS TKaHWH MioKapiaa
Ta B-KJIITHH BUSBUJIO BUPakeHy ekcrpeciio Bcl-2
B KapjiomionuTtax Ta MiANIyHKOBIN 3amo3i [58].
Otsxe, MEJI cyrreBo 3amobirae pozsutky OC, 1o
CBIIYUTDH ITPO HOTO BUCOKY aHTUOKCH/IAHTHY 3/1aT-
HICTb.

IToBimomasernes, 1o B naiientis 13 11J12 cro-
CTEPITAETHCST 3HAUYIIE 3HUKEHHST CePEeIHIX PiBHIB
MEJI, okcuny asory, 3arajbHOl aHTUOKCUIAHTHOI
3natHocti kposi, IIOJI i 3pocTaHHs aKTMBHOCTI
CO/l [99]. Pesyasratu PK/I npomemoncTpyBasiu,
1o rpusHadeHHs xpopum Ha 11/] i3 XxpoHiuHUM KO-
ponapuum cuzapomom 10 mr MEJI/no6y (MEJI
KarcyJid 1o 5 Mr) mnpotsiroM 12 THXKHIB BUSBUIN
3Hauytie migsuiierHs pisaga GSH, Bucoxkouytiu-
Boro C-peakTWBHOTO OiJKa Ta 3HUKEHHs DPiBHIB
6iomaprepis OC, 3okpema, M/IA i kKapOOHIIBHIX
rpy 6isikiB (protein carbonyl, PCO). Otxxe, MEJI
MOKe TTPUHAKWMHI YaCTKOBO MOM SIKIITUTH TIPOIECH
aktuBailii OC [60]. PesysbraTi cucteMaTudaHOTO
orssiay ta Meraanaizy 16 PK/I BBy mo6aBok
MEJI cBimuatsp, mo BucHoBku 56% PKJI mpoue-
MoHcTpyBasin no3utuBHi edpektn MEJI na Bwmict
[JIIOKO3K KPOBI, TJIiKOBaHOTO reMorsiobiny Alc ta
cran IP [61].

Pesysbratu  PKJl mokasanm  edeKkTUBHICTH
MEJI y jikyBaHHi 3aXBOpPIOBaHb, KOMOPOiHUX i3
MC. 3okpema, BUKOPUCTAHHS TIpenapariB MarHiio
3 MEJI B smikyBanHi 84 XiHOK i3 CHHIPOMOM II0-
JIIKICTO3HUX SIEUHUKIB TMPOTSTOM BOCBMM THIKHIB
CYTIPOBOJIKYETHCS 3MEHIIEHHAM TPOSIBIB TipCyTH3-
my, IP, piug @HII-a Ta 3HaYHUM TiABUIIIEHHSIM
3araJibHOI aHTMOKCU/IAHTHOI 3/ITaTHOCTI KPOBi. Kpim
toro, MEJI, gk MoHOTepatisd, cupusge 3HUKCHHIO
kounenTparii @HII-a B kposi [62].

Broponmos:x KUTTS JOAWHYA, i3 TTITKOBOTO /10
crapedoro Biky, piBeab MEJI B opranismi necs-
TUKPATHO 3HWAKYETbCA. OTXKe, UMOBIPHO, IO €K-
3orenHnit MEJI Moxke cCHOBIJIBHIOBATH MPOIECH
crapinas [63]. Takum unnom, exkzorennuit MEJI
BOJIOJII€ TIOTEHITIAJIOM [IJIsI YIIOBIJIbHEHHS 1IPOIIEeCiB
CTapiHHg Ta JIKYBaHHS 3aXBOPIOBaHb, OB’ SI3aHUX
i3 BIKOM.

Bucnosknu

MEJI € edekTuBHUM XPOHOGIOTUKOM, IO 3Mi-
HIOE a3y Ta amrmunityay moboBux purmiB. MEJI
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JIi€ 9K TMOTYKHUN aHTUOKCUIAHT, 3/IaTHUUN 0JaTh
remaroentiedaniunuii 6ap’ep, npurnivysaru OC i
X3HI. Hetiporopmon mMa€ 3Ha4Hi IUTOTTPOTEKTOP-
Hi BacTUBOCTI, 3armobirae Husii Hacaiakis OC npu
MC, 1mo 1nposeMOHCTPOBAHO HAa TBAPUHHUX MO-
nensax. Orxe, MEJI € nmoreHIiiiiuM KaHIuIaTOM
JUUIST KOPEKIlii MTPOOKCUAAHTHO-aHTUOKCUITAHTHOTO
mucOanancy npu MC saBasgku iioro 6ioJoriqHOMY
BIJINBY Ha MeTa0O0JIi3M KUPOBOI TKaHWHU, JIITOJIi3
I MITOXOHIpiaJibHI TpOIlecH, a TaKOK HOTO aHTHU-
OKCUJIAHTHUM 1 TPOTU3AIAJIbHUM BJIACTUBOCTSIM.
MEJI mosxe 3abe3reunTy iHHOBAIIHY CTpaTeriio
gikyBanust MC, moeaHy04M CBiil BIUIUB Ha 1000-
BUI PUTM i3 UTONPOTEKTOPHUMMU BJIACTUBOCTIMMU.

Opnnak, pesyawsratu Jjmire Kigbkox PK/I cBiz-
yath, 10 MEJI kopucHuil /1719 KOpeKIlii HacIi/IKiB
OC npu MC, oxupinni, CXIIM/I, meraboiviii
kapaiomionaTii i I1/12. Otske, HeoOXimHi OGiabIn
macitabui goBroctpokosi PK/I i3 6isbinoio rete-
porenHicTio xBopux Ha MC, Bu3HaueHHsAM Giomap-
KepiB i ocobmmBocTeil BkuBanHs npenapatis MEJL.
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Effect of melatonin on the state of oxidative stress in
metabolic syndrome

V.A. Serhiyenko, V.B. Sehin, L.M. Serhiyenko, A.A. Serhiyenko
Danylo Halytsky Lviv National Medical University

Abstract. The metabolic syndrome (MetS) is a combination of several
interrelated cardiometabolic risk factors, such as abdominal obesity,
impaired glucose tolerance/hyperglycemia, dyslipoproteinemia, and
prothrombotic and proinflammatory conditions. Oxidative stress (0S),
which occurs as a result of excessive intracellular accumulation of
reactive oxygen and nitrogen species and other free radicals, contributes
to the development of obesity, MetS, metabolic dysfunction-related
steatotic liver disease, metabolic cardiomyopathy, and type 2 diabetes
mellitus. Enhanced OS leads to accelerated formation of protein glycation
end products, which initiates a cascade of pathophysiological signaling
pathways with the formation of proinflammatory cytokines and thus further
activates the OS. In order to optimize the negative effects of free radicals,
antioxidants are widely used, a special place among which is occupied by
the pineal hormone melatonin (MEL). The neurohormone has direct, indirect
and receptor-mediated effects. In particular, MEL and its metabolites are
direct scavengers of most free radicals in cells, with a certain specific affinity
for substrates. MEL is more effective in scavenging hydroxyl radicals and
reduces lipid peroxidation during oxidative challenges, probably by delaying
its initiation rather than directly scavenging peroxide radicals. MEL restores
redox balance by activating antioxidant enzymes and inhibiting prooxidant
enzymes, lipoxygenases and probably quinone reductase 2, activating
mRNA of antioxidant enzymes and increasing intracellular glutathione.
However, the peculiarities of the effect of MEL on the course of MetS and
comorbidities remain unclear. The purpose of this review is to elucidate the
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peculiarities of the mechanisms of antioxidant effect of MEL in MetS, as well
as to analyze the data from experimental studies and clinical trials.
Keywords: melatonin, oxidative stress, metabolic syndrome, obesity,
metabolic associated steatotic liver disease, metabolic cardiomyopathy,
diabetes mellitus.
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BukopucTanHa IHribiTopis
aunentugunnentuaasmn 4

J1.LK. Cokonoga,
B.M. NywKapbosB,
O.l. KoB3yH,

B.B. lNywkKapbos,
A.M. CokonoBa,
M.A. TpoHbKO

INA NIKYBaHHA aTepoCKNepo3y

LY «IHCTUTYT eHaoKprHonorii Ta 06MiHy peyoBUH im. B.M. Komicaperka HAMH Ykpainu»

Pestome. 3ananbHi npoLecy BigirpatoTb KiiouoBy posb B aTeporeHesi. PywiiHumm cunami 3ananeHHa € eHaoTenianbHa AUCOYHK-
uist (EL1), uykpoBwii iabeT, 3MiHeHU i MeTaboniam NiNonpoTeiHiB, BinbHi PaAVKany, reMofIMHaMIYHIIA CTPEC 3CYBY, MiNePTOHSA Ta iHLUI
dakTopu. IHribiTopu DPP-4 (iDPP-4), Ha goaatok A0 rinornikemMiuHyix BNaCTMBOCTEN (MIABMLIEHHA PIBHSA IHKPETUHIB Ta NOCKAEHHA
eKCnpecii ix peLenTopiB), KOHTPOMIOIOTb GAKTOPU aTeporeHe3y LWAAXOM PerynsLii piBHa Ninidis KPOBi, KDOB'AHOIO TUCKY, NOCab-
nenHs E[] Ta okucniosanbHoro ctpecy (OC), ranbmyBaHHS 3ananbHUX NPoLeciB (610KyBaHHA WAAXY AAepHUA GakTop KannaB
(nuclear factor kappaB, NF-kB), curHaninry TLR4, aktugauii nucleotide-binding and oligomerization domain-like receptor family
pyrin domain-containing 3 (NLRP3)-iHdnammacom i cekpellii intepneiikiHy(IL)-1B makpodaramu (MD)), CTMymioBaHHS aKTUBHOC-
Ti eHaoTenianbHoT cuHTasm okenay asoty (eNOS) i ytBopeHHa NO, MpurHideHHa ekcnpecii eHaoTeniHy-1, MOneKyn MiXKNITHHOT
agresii-1, monekyn cyauHHol aaresii-1, E-cenektHy B eHaoTeniansbHux knituHax (EK). IDPP4 3HmxyioTb ekcnpecito cyboamHuLb
HALIOH-okcmaasm Nox2 i p47°" B aopri, 3meHtytoun OC cyayH, CpUsioTb 3HUKEHHIO BMICTY Ninigis Ta TpaHchopmauii MO y tvn
M2 B atepocknepoTiyHix bnstkax (AB). M2-nonapwm3auis nig yac onocepeakosaHoi iDPP4 6nokaay paHHbOrO aTepockieposy
(Ac) 3anexuTb Bif curHaniHry daktopa cTpomanbHUx KnitH Ta (stromal cell-derived factor Ta, SDF-1a/CXCR4, BinnosigansHyim 3a
nocuneHy MobiniaLlito B KPOBOOOIT Ta XeMOTAKCUUHY aKTVBHICTb eHAOTENianbHYIX KNiTuH-nonepeaHykis (EKM), aki 6epyTs yuacTb
Y BilHOBNEHHi enaoTenito. IDPP4 ranbmytoTb NporpecyBaHHa AC LUAAXOM 3HWXEHHA PIBHIB MOHOLMTAPHOTO XeMOATTPAKTaHTHOrO
6inka-1 (MCP-1) i niraHn xemokiHy 3 C-C MOTUBOM-22 y CPOBATLI KPOBI MavieHTiB. Kpim Toro, iIDPP4 3MeHLwyioTh KifbKicTb MOHO-
LWTIB, NPUTHIUYI0Tb GAKTOP HEKPO3y MyxAnH-a (tumor necrosis factor, TNF-a)-iHayKoBaHy MirpaLiito MOHOLMTIB Ta iHOINGTPaLito
M. Takox IDPP4 npurHiuyioTs YyTBOPEHHS NIHUCTVX KAITUH, IMOBIPHO, WAAXOM iHribyBaHHs Akt/AM®-akTviBOBaHa NpoTeiHKiHa3a
(AMPK) wnsaxis NF-kB ta JNK; 3HmxytoTb ekcnpeciio LOX-1 i CD36 wnaxom npurHiveHHsa akTuBHOCTI npoTeiHkiHasv C, Aka bepe
Y4acTb y GOPMyBaHHI NIHUCTUX KNITUH; AEMOHCTPYIOTb 3HaYHe NpurHiYeHHa Mirpadii Ta nponidepadii KNituH ragkoi Myckynary-
py, WO NPU3BOAWTL A0 3MEHLLEHHS TOBLUMHY IHTUMM, BIGIrPatoTb 3axMCHY POMb Y PeCTeHO3i; NiABNLLYIOTL PIBEHb LMPKYIOYOrO
npoTu3ananbHoro dakTopa IL-10, 3HnxyioTb Bincotok MO i T-nimdounTis 8 Ab.

KntouoBi cnosa: iHribitopy Aunentuavnnentiaasn-4, cepueso-CyarHHa CUCTeMa, aTepoCKNepo3, LyKPOBHI fliabeT.

3arajieHHs BiJlirpa€e KJII0YOBY pPOJib B aTepore-
He3i it Oepe y4acTh Ha KOKHOMY €Talli aToreHes3y
[1-3]. Pywiitnumu cuamMu 3amajieHHS € I[yKpo-
Buii giaber (ILJ]), smineHuii MeTaboJ1i3M JHIIOIPO-
TeiHiB, BiJIbHI pajuKaau, reMOJAMHAMIYHUUI cTpec
3CYBY, TillepTOHIiSA, TeHETUYHI 3MiHM, MiIBULIEHUN
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piBEeHb TOMOINCTEIHY, iH(EKITiITHI MiKpOOpTaHi3Mu
Ta BipycH, BHACJi10K Yyoro BuHukae E/[. Y crinkax
KPOBOHOCHUX CY/IMH 3allaJieHHs CYIIPOBO/IKY€ETHCS
BUBIJIbHEHHAM TTPO3aNajJbHUX IIUTOKIHIB 1 XeMOKI-
HiB, 6i0aKTUBHUX JIIIIONPOTEIHIB, MOJIEKYJI ajresii,
aktuBaiieo ingaammacom NLRP3, 3anyduennsam
crerupiYHNX CUTHAJIBHUX MIJISAXIB Ta iH(IIBTpaIti-
€10 JICUKOIUTIB y CTIHKU cy/uH [4-7].
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Crpykrypa Ta QyHKIIi AUITeNTHWINEeNTHIa31 4

Jmmentuauanentugasza 4 (DPP-4, CD26) €
MOTTUPEHUM (PePMEHTOM Y JIONHU, TKUH eKCcITpe-
Cy€eThC B pi3HOMaHITHUX TKaHuHax. [le cepuHoBa
eK30IeNTHa3a, TPaHCMeMOPaHHUI TJIIKOIPOTEIH
[8, 9], mo Moske GyTH y BUTJISIAI MOHOMEpPa, TOMO-
quMepa (OCHOBHA KaTaJliTUUHO akTWBHA (hopma)
abo romorerpamepa. Tomogumep DPP-4 3ycrpiva-
€ThCST ¥ MBOX (hopMax: TpaHCMeMOpaHHUI OiTOK
I tuny i posumnnuii 6inox (sDPP-4) [10, 11]. i
6a30Ba CTPYKTypa BKJIIOYAE: BHYTPINIHbOKJIITHH-
HUI, TpaHCMeMOPaHHUI 1 TT03aKII THHHII PErioH.
[TozaksiTMHHA YacTUHA CKJIAMAETHCSA 31 CTPUIKHSA,
MIsTHKY, 6aratoi TTKO3WIbHUME TpymnamMu (caiT
3B’sa3yBaHH: 3 antutiiamu 10 CD26, kaBeosinom-1
i aJleHO3MHIe3aMiHa3010), IiISHKH, OaraTol 1ucTe-
iHoM (caiiT 3B’s13yBaHHS 3 KoJlareHoM i (ibpoHek-
TUHOM) 1 KaTaJiTH4HOI 00JIacTi, 10 CKJIaIaEThCs
3 tpiagmn Ser630, Asp708 i His740 [8, 12]. DPP-4
MICTUTDH [eB’dTh IMOTEHI[INHUX CANTIB IVIIKO3UIIO-
BaHHsI, gKi 3HAYHOIO Mipoio TIOB’sI3aHi 3i 3ropTaH-
naM i crabimphictio DPP-4, Tomi gk N-kinmese
ciasiroBatHst GiJiblle TOB’sI3aHe 3 PEryJIoBaHHSIM
natodiziosoriunux mporeciB [13, 14]. Oyukiio-
HasibHi jomMenn DPP-4 posraioBani B mo3akmiTHH-
Hill YacTWHi, a BHYTPIIIHbOKTITUHHUI IoMeH Oepe
y4acTh y KJIITHHHOMY CUTHATIHTY [15].

OcnosHa 1ig DDP-4 nossirae B posinensieHHi Ta
JeakTuBalii 6ikiB. /[Ba TopMOHU, AKI PO3ILEILIIO-
iorbest DDP-4 — rumokarononoai6uuii mentu-1
(GLP-1) i rmoko3o3anekxHuil 1HCYJIIHOTPOITHUN
noJinenTus, 6epyTh yuyacThb y pery.isiiii meraboJiis-
my romokosn [ 15]. Kpim GLP-1, BasksimBruMu 1171 po-
6ot CCC cyberparamu DDP-4 € Harpiitypernuti
nentuaun (ANP/BNP), SDF-1a i cy6craniis P.
®Diziosoriuni piBai NP HU3bKI, aje MiABUIYIOTh-
cs TPU CePIeBil HeIOCTATHOCTI Ta Timepriikemii
[16]. SDF-1a € xemMoKiHOM, IO CIIPUSIE CEPIEBO-
my xominry EKII. SDF-1a € cy6crparom DDP-4,
i IPUTHIYEHHST OCTAHHBOI, HAITPUKJIAJ, BiJIarJiin-
tuHoM 36epirac airo SDF-1a Ta crnpuse BigHOB-
JIEHHIO CePIIs MiCJIs TOCTPOTO iH(papKTy Miokap/a
a6o incysbry. PedoBuna P Gepe yuactb y peryJis-
11l 9aCTOTU CepIeBUX CKOPOYEHD i apTepiaJbHOTO
TUCKY 1 TIPO/IEMOHCTPYyBaja 3aXWCHY [if0 Ha TBa-
PUHHUX MOJIEJISIX, TIPUTHIYYIOUH alloTTO3 Ta 3MeH-
myfour Gibpos i MOMKOMKEHHs KIITUH MioKap/aa
[17, 18]. B ocranHiii yac BusiBIE€HO 6GaraTo HOBUX
dyuxiiit DDP-4, Takux gk cupusaas Giéposy ta
O10CepEe/IKyBaHHS ITPOHUKHEHHST BipyCiB, Y TOMY
guci it SARS-CoV-2 [19].

Posunnana ¢dopma DDP-4 (sDDP-4) rtakox
MICTUTBCS B pifiiHax opranizmy. Bona Gepe 6esro-
cepentio yyactb y peryasanii EJl i Mmoxe cratu 6io-
MapKepOM JUJIST IETKIX 3aXBOPIOBaHb y MailOy THBO-
My [8].

Excmpeciss DDP-4 3pocrae npu oxxupinni/AC
Ta [O3UTUBHO KOpeJsioe 3 ocTaHHiM. llamienTu 3
OKMPIHHAM MaJyIn BUIUIA piBeHb ekcipecii DDP-
4 B MOHOIIUTAX, MMaPAJIEJbHO 3 BUINIMMU PiBHSIMU
HOMA-IR, ryfok031 KpOBi, TPUTTIIEPUIIB 1 XO-
sgecrepuny He-HDL (simonporeinn BUCOKOI Tyc-
tan). OKKCHEH] JIMONPOTeTHN HU3bKOI TYCTUHU
(oxLDL) mocumoiors ekcnpecito DDP-4 y MO.
ITligsumenns pisag DDP-4 y Bignosias #a oxLDL
Moxke OyTH MeXaHi3MOM, 10 3B’a3y€ MeTaboJIi3M
rmoko3n 3 AC, CIpUUYMHEHUM aHOMAaTIsSIMU JIIiTIO-
npoteinis [20].

Mexaniamu aii inridiropis DDP-4 (iDDP-4)
o710 3axpopiosanb CCC

IDDP-4 € HOBUMM TiNOIJIKEMiYHUMU TIpe-
napatamu g JgikyBanusa 11J1 2 tutmy, sKi 1eMoH-
CTPYIOTh ITO3UTUBHUI TepanieBTUUHUN eheKT mo/10
3axBopioBaib CCC. Y caiiti 38’a3yBanast DDP-4
€ 1Bl kumreni — S1 1 S2, a TakoX ofHA MiAKUIIEHS],
Sub S1 abo S3, aki MoxyTh 3aiiMaru iHTIGITOPH
dbepmenTa. Bibir momupernmu € cybeTpar-momaio-
Hi iDDP-4 — miMmeruku nposiny, SKi 3aliMarOTh
S1- a6o S2-kumento. IliaHomipoianuu xapakre-
PU3YIOTHCS JIBOMA KJIIOYOBUMU B3a€EMOJIISIMU: T1€P-
Ia — i3 HITPUJIbHOIO TPYIIOIO, SIKa YTBOPIOE KOBa-
JIEHTHI 3B’SI3KM 3 TIZIPOKCUJIBHOIO TPYTIOI0 CEPUHY
(Ser630), a apyra — i3 TPOTOHOBAHOIO aMiHOTPY-
1010, gKa YTBOPIOE MEPEXKY BOJHEBUX 3B’SI3KiB i3
HeraTUBHO 3apsi/UKEHOI0 06JIacTIO TIOBEPXHi GisKa.
BingarminTun, cakcarJinTvH 1 JGHATTINTUH € TIpe-
napataMi, sIKi MaloTh I[iaHOIiPOJIiIMHOBE KiJIblie.
He-cy6erpar-nogi6ni iDDP-4 € HekoBaJleHTHUMM
iHTibGiTopaMu i 3a3BUYAl MAIOTh APOMATUIHE KiJib-
11e, sgke 3aiimae S1-kuieno. CUTArIIITUH MICTUTD
mirnepasuH i TpPUa30JoIilepasuH, JIHATIINTAH €
CIIOJIYKOIO Ha OCHOBI KCaHTHUHY, aJIOTJIIITUH CTBO-
peHuii Ha oCHOBI ipuMianHAIOHY [21].

OcnoBni Mexanismu xii iDDP-4 mos’asani 3
migsuterrsM KoHterTpaiii GLP-1 i rmoko3o3sa-
JIEKHOTO 1HCYJIIHOTPOITHOTO MOJIIIeNITHLY, IIJISIXOM
MpUTHIYEeHHS 1i akTuBHOCTI. [le TOpMOHM KHUIIIKiB-
HUKa, 9Ki CHPUSAIOTh CeKpellii iHCYJJIiHy 1 TPUTHI-
YYIOTh CEKPEIlilo TI0KAroHy KJITUHAMU iy H-
KOBOI 3aJI031, 3HIKYIOUN PiBEHb TJIIOKO3W B KPO-
Bi. IDDP-4 takox 306iJbIIYIOTH BMIiCT cyOCTpary
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SDF-1a, axuit nonouioe epextnn GLP-1. /o Toro
& iDDP-4 amenmtyiors BMict sSDDP-4 i mocrabiro-
10Th 11 MKIiZTUBUI BIUIMB. 3apa3 YCIIIIHO 3aCTOCO-
BytoThest Oararo BuiB iDDP-4: anormintuH, Biia-
CJIIITAH, TeMITJIIITAH, JIHATIIITAH, CAKCATJIIITHH,
CUTATJINTUH 1 TEHeJITJINTUH, SKi BiKPUBAIOTDH
HOBI TlepcrieKTUBY /i narienTis i3 /12 [21].
3aranpHoBizomo, 1o suHukHenHs CC3 TicHO
OB si3aHe 3 YNCIeHHUMU (DaKTOpaMy PU3UKY, Ta-
knmu sk /1, BiK, HagMipHa Bara Ta O;KUPIHHS, STKi
noroMaraioTh Koutpososarn iDDP-4 [22]. Bax-
JmBO, 1o iDDP-4 KOHTPOIOI0TH PiBEHD IIIOKO3U B
KpoBi 6e3 30isbIneHHst Baru narieHTis. J{ucrirmie-
Mis € CTUMYJTIOI0UYUM (DAKTOPOM [T PO3BUTKY Pi3-
nnx CC3, takux sk kopouapauii AC i kambiudika-
Iist aopraspbHOTO Kiamnana. [Tokazano, mo iDDP-4
3/ATHI PEryJIroBaTh JIIHUI OOMIH i 3HMIKYBaTH
piBeHb TPUTJIHIEPHU/IIB, TA BIIbHUX JKUPHUX KUCIOT
(BJKK) [8]. Onnouacuo iDDP-4 miaBuntyioTs pi-
BEeHb HOPAJIPEHATIHY B IIJIa3Mi, IO TPUCKOPIOE MO-
6isizarifo Ta OKUCaIeHHs JmiaiB [23].
Pexomenparii momo npodinaktukn CC3 BKa-
3YIOTb, IO cTpec € (PaAaKTOPOM PUBMKY [/ Talli€H-
TiB [24], cipuunHsoun aucbajaHe CUMITATUYHOL Ta
rapacuMIaTUYHOI HEPBOBOI CUCTEMH, aHOMAJIbHY
aKTHUBAIIIIO OCi TimoTasamyc-rinodi3-HaHUPHUKH,
3amaJibHy PeakxIriio, AuCGyHKITIo KoaryJsilii, eJek-
TPUYHY HecTabiIBHICTh CepIld, imemito MioKap/a,
pyiiHyBaHHSs OJISAIOK i TpPOMOO03. X pOHIUHUI cTpec
nizsuiye aktTuBHicTh DDP-4 y mrazmi Ta TkaHu-
Hax TBapuH. Crapinss cyaun i CC3 miz yac crpecy
edexTuBHO nocIabmo0Thess iIDDP-4, mo mosc-
HIOETBHCSI 3MEHINEHHSIM 3allajieHHsT OJISANIOK, 3HMU-
skenHsiMm OC Ta ripoTeodiizy, mos’ss3anoro 3 GLP-1-
OTIOCEPEIKOBAHOIO TTPO/IYKITIEI0 A/IUTIOHEKTUHY [8].
Pospus abo eposist OJISIIIKA BHACHIZIOK TPOM-
603y € Cepilo3HUM MaTOJIOTIYHUM  IIPOLIECOM
noB’si3aHnX 3 AC TOCTPUX CepIeBO-CyIMHHUX i
1epebpoBacKyIApHuX mogiil. Iuribitop axrusa-
TOpa TIa3MiHOTEHY-1 € KJI0YOBUM PETyJSTOPOM
emboutizanii i ogHUM i3 GioMapKepiB 3aXBOPIOBAHb,
noB’si3aHux i3 Tpombozom. IDDP-4, Taki sk Bijja-
[JIITHH, 3HUXKYIOTh PiBeHb iHTIOITOpa aKTHBaTOPa
ma3minoreny 1y cuposatiti Kposi xBopux Ha [1/] i
eKCITepUMEHTATbHUX TBAPUH TOJIOBHIM YMHOM Ye-
pe3 raJibMyBaHHsSI CHHTE3Y 11hOTO iHTibiTopa B EK
[25, 26]. MatpukcHhi metasonpoteinasu MMP2 ta
MMP9 cunresyiorbess B Ab monoruramu/ MO Ta
EK. BoHu 3MeHIIy0Th BMIiCT KOJIareHy B OJISIIKaX,
M0 3MeHIIy€E iX CTabiIbHICTD 1 CIpUsE pPO3PUBY.
IDDP-4 3umxytoTh KOHIIEHTpaIliio B Kpoi MM P2
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i MMP9 i 36imbiyors BMicT Kostareny B AB, mij-
BUIILYIOYM iX cTabiabHicTh [25, 26].

BBaxaeTncs, 1mo peaxirii, ormocepekoBaHi Me-
Jiatopamu 3arajieHHst, OepyTh y4acTh y BCiX cTa-
misix po3sutky AC. DDP-4 Gepe y4acth y HU3b-
KOPIiBHEBOMY 3allaJIeHHI OpraHizmy, OCOOGJHMBO Yy
xBopux Ha I/, a iHCyJIiHOpEe3UCTEeHTHICTDL Ta Jia-
6et crpustiorh ekcnpecii DDP-4. IDDP-4 npurhi-
YyIOTh €KCIIPeCciio TPO3amnaJbHUX MeiaToOpiB B
aopti, Taknx sk [L-6 i TNF-a, i 3HmKyt0Th piBHI
CPb, MCP-1, mosekysn MiKKJIITUHHOI ajresii-1,
E-cenextuny i metasonporeinas y kposi [26]. Kpim
TOrO, Tepallisi MiJBUIIYE PiBeHb MPOTU3ATATBHOTO
[L-10 B mmpkyJsiiii, a Takok 3umKye BMict MO i
T-mimbonutis B AB [25, 27]. 3anydyenns MOHOIIM-
TiB 710 eHjoTesito 3a gornomororo MCP-1 i mirans
xeMOKiHy 3 C-C MOTUBOM-22, € KJIFOUOBUM KPOKOM
y pozsutky AC. IDDP-4 3umxytoTs piBHI XemoaT-
TPaKTaHTIB y KPOBI MallieHTiB [28] i TPUTHIYYIOTD
TNF-a-ingykoBany Mirpaitito MOHOITUTIB [29].

OC TicHo noB’a3annii i3 3amanenusam i AC. Ti-
MepriikeMisi CIpUsie TPOAYKII akKTUBHUX (hopM
kucHIO (reactive oxygen species, ROS) i mocsab-
JIIOE aHTUOKCHU/IAHTHY CHCTEMY, IO IIPU3BOJAUTD
JIO TIOCUJIEHHSI CTPeCy, OKUCJIeHHS JITOMPOTEIHIB i
dochomimiais. A okucHeHuit TeTparigpodionTeput
MOsKe cpruanHUTH po3’enxnannsg eNOS, 101aTkoBO
nocusooun OC i 3mentyoun npoaykitio NO. Ha
mozeni ginii EK nokasano, mo iDDP-4 3mentny-
10Th yTBOopeHHd ROS, BUK/MKaHe KiHIIEBUMU T1PO-
aykramu raikaiiii. Ha TBapuHHUX MOJesax iHri6i-
TOPU 3HUKYBAJIU EKCIPECit0 B a0pTi CyOOANHUIID
HA/I®H-oxkcunasz Nox2 i p47phox, 3mentryoun
OC B cynunax [25].

IDDP-4 xontpomoioTs daxrtopu pusuky AC
HIJIIXOM PEryJidiiii piBHIB JIiITi/1iB KPOBi Ta 3HUKEH-
Hs apTepiayibHOro TUCKY. duciiniziemiss € kputny-
HUM (DaKTOPOM PU3WKY 3aXBOPIOBAHbB, MOB SI3aHUX
3 AC [25]. IDDP-4 cyTT€BO 3HMKYIOTH PiBHI X0JI€-
CTEPUH JIIONPOTETHIB HU3bKOI TYCTUHU, TPUTJIilie-
puais i B/KK, a rakox migsumytors pisai HDL-C
y namienTis i3 [[/12 [30]. Bruiu iDDP-4 na BmicT
JIMIIIB Y KPOBI OB SI3aHUH 13 TMiIBUIIIEHHIM PiBHS
GLP-1. IDDP-4 3minfooTh ekcrpeciio ¢hepMeHTiB
[IeYiHKHU, BIAIIOBIJAJbHUX 3a OKUCJIEHHS JIIIAIB 1
6iocUHTE3 JIIIIB, i 3HUKYIOTh CEKPEIlil0 KUIIKO-
BUX JHIONPOTEiHiB, OaraTMxX Ha TPULJIIEPUIN, a
TaKOX MPUTHIYYIOTh BCMOKTYBAaHHS JIiIMi/[iB Yepe3
CUTHAJIBHUH NIIAX 3a yuyacTi perienitopa GLP-1R.
Kpim Ttoro, iDDP-4 mpuckopoioTs MeTaborizm
JIITIIIB MIJISTXOM aKTUBAIlil CUMIIATUYHOI HEPBOBOI
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cucteMH. Tak, BULJAIVIIITUH TiZIBUIIYE PiBEHb HOP-
aJ[peHaJIiHy B TL1a3Mi KPOBi, IO BIIJIMBAE HA OKUC-
Jenns ginigiB y xsopux Ha 11712 [25, 30].

BiaTik xomectepuHy € OCHOBHOIO aTepOIPOTEK-
tTopHoto ¢dyHkiiero HDL, gki BugaisgioTh Xoecre-
PMH i3 IHHUCTUX KJITHH OJISIIOK HACHYEHUX TIPU
A2 mimigamu. IDDP-4  migBuniyoTh KoHIlEHTpa-
mito GLP-1 y ma3mi KpoBi, 1[0 PeTYJIOE CEKPETTIo
Ta ekcrpeciio incyminy uepe3 perienitop GLP-1R,
SIKUI eKCITPECYETHCST B OCTPIBIAX T ITIITYHKOBOI 3a-
JIO3H, @ TAaKOXX Yy MOHOILMTAX JIIOAUHU Ta KIITUHAX
THP-1. ITokaszana Gesnocepeitst ydacTh y (hyHKILIO-
nyBanai HDL IDDP-4 pazom i3 GLP-1, siki cyTTeBO
ITi/IBUIILYBAJIM OITOCEPEIKOBAHU A AllOJITIONPOTEIHOM
A1 BixTiK XOJIECTEPHHY, YOTO He BiZI0yBaIOCs 32 Bijl-
cytrocti GLP-1. Kpim Toro, miiBuiiieHnii BiZITiK 3a
yuactio GLP-1 3HauHO 3MeHTIIIyBaBCs B IPUCYTHOCTI
anrtaronicta GLP-1R [31].

AT®-3B'a3y1ounii KkaceTHuit Tpancroprep Al
(ABCA1) mokami3yeThcst Ha TIa3MaTUYHIN MeMO-
paHi, 3abe3meuyoun roMeocTas XoIecTepuny i Biji-
rpae nesHy poJib y npoaykuii HDL i BuToky k-
tuHHOTO X0NecTepuny. [lokazano, mo GLP-1 nocu-
mioe ekcripeciio ABCA1y MO ra kaitunax THP-1
i peryJiioe romeoctas xosnecrepuny [32]. Curarmin-
tuH y mpucytHocti GLP-1 3nayno migBuiryBaB
excripecito 6ika ABCA1 y memGpanHiii dpakiii
[31]. Otke, Brepie 6ys0 Mokaszano, mo iDDP-4
MiBUIIYIOTH BUTIK XoJectepuny 3 M@ i MOXKyTb
IIPOSBJIATH aHTUATEPOCKJIEPOTUYHY 1110, TOCUJIIO-
foun pynkiio HDL Ta ingykyioun ix cunTes.

AprepianpHa rinepTeHsis € CyTTEBUM (DaKTOPOM
pusuky possutky AC. IlixTBepmskeno, 1o pizHi
iDDP-4 MoXyTb 3HMXKYBaTH PiBHI CHCTOJIIYHOTO
Ta JIIacTOJYHOTO apTepiaibHOTO TUCKY. [1iBUIIEH-
Ha piBast GLP-1 micasg npurHiyeHHST aKTUBHOCTI
DDP-4 wmoxe BifirpaBaTu BaXKJWUBY POJib Y ITUX
edexrax. 1. Ananorn GLP-1 iuri6yiors peabcopb-
1ito Na* y npokcuMaabHUX HUPKOBUX KAHAJIBIISIX 1
3MEHINYIOTh 3aTPUMKY HATPil0, 0 3yMOBJIIOE TillO-
tensuBHUN edekT. 2. IDDP-4 mocuiooTh akTuB-
Hictb eNOS i yrBopenns NO, 1110 BUKITUKAE PO3ITH-
pentst cyaus. 3. PosciabieHHs CyinH, BUKJITKAHE
AIeTUIXOTIHOM, MOTEHIIOETHCS 3HUKEHHIM €KC-
mpecii aHTi0TeH3WHTIEPEeTBOPIOIOUNX (DEPMEHTIB. 4.
IDDP-4 npurniuytoTh eKCIpecito B a0pTi eH10Te-
JiHy-1, mocabro0Yn rinepreHsii B AiabeTHIHIX
mypis. 5. Edext iDDP-4 moxke 6yTH 1o’ sisanuii i3
BIJINBOM Ha MeJIyJIIPHI KaTeX0JaMiHOBI HEPOHU B
MTOCTPEMHIN JIJISHIT Ta Ba30IUIATAII€I0, BUKJIUKA-
Hy iHCcysiHOM [25].

NO € HailBaXXJIMBIITNM PeJaKCOBUM (PAaKTOPOM
€H/IOTEJII10, 1[0 CUHTEe3YEThCS 111/ Yac IepeTBOPeH-
g L-aprininy, ske karamizyerbcss eNOS [33, 34].
NO Bizirpae BakJMBY POJib Y HiATPUMIL TOHYCY
CY/IMH, a TAKOXX Ma€ aHTHATePOreHHU edeKT, pery-
Jotoun nporidepartito Ta anonto3 EK, npuraiuy-
10U a/Ire3ilo Ta arperaiio TPOMOOIMTIB, a TAKOK
3amobiraioun ajresii Ta iHdigbrpariii JeiKomTiB
[25]. IDDP-4 (BisparminTuH, CUTArJiNTUH) BU-
SIBJISIIOTH 3aXUCHY [Ii10 1110710 (DYHKITIT eHp0TeNi0 y
TBapuH i3 fiabeTom nuisxoM aktusaiii eNOS. En-
JIOTEJIiH — Ba30OKOHCTPUKTOP, 110 BuiigeTbesa EK,
cupusie po3BuTKy AC TOCHJIIOIOUM TIpO3ariaibHi i
mitorenni edexrtu [35, 36]. IDDP-4 npurniuyiorsb
eKcIIpeciio eHjioTesiny-1 B eHjioTesii aopTH Ta 1M0-
KPaIyoTh (GYHKINO eHA0Tei0 JiabeTHIHIX M1y -
piB, MOBipHO, nIsixoM akTuBaiii AMPK Ta inri-
6yBanHs curHasibHoro nuisxy NF-kB [37].

BinpgarminTud, MIMPOKO BUKOPUCTOBYBAHUN
npoTuAiabeTHYHUIT TIperapar, CIpUsATINBO BILIN-
Ba€ Ha eHjoTesii cyauH 1npu aiaberi. Busnauanu
BB iDDP-4 Ha MiTOXOHpiaibHy AUCHYHKITIO
B miaberrunmnx munreil Ta EK mynkoBoi Benn Jio-
JIUHU, KYJBTUBOBAHUX B yMOBax rimepriikemii, i
JOCJIIZKYBaJIM MEXaHi3M IIPOTUI1a0e THYHOT aKTHB-
HOCTi. AHaJi3yBai YTBOPEHHS MiTOXOH/IPialbHIX
ROS (mtROS), momkomkeHHsT MiTOXOHAPiaIbHOT
JTHK, cunte3 AT® Ta piBHi ekcrpecii moB’si3aHux
i3 gunaminom 6inkiB (Drpl i Fisl). Bussuim, mo
BIIIArTNTUH 3MeHIye npoaykitito mtROS i mo-
nrkopkeHHd  Mitoxouapiamshoi JIHK 1 mocwmoe
cuntes ATD B engorenii 3a ymoB miabery. Kpim
Toro, iuribiTop 3umwKyBaB excrpecito Drpl i Fist,
6s0kyBaB TpaHciokario Drpl y mitoxonzapii ta
NPUTHIYYBaB (pparMeHTaIlito MiTOXOHpin. Y pe-
3yJIBTaTi MocIaboBaiach MiTOXOHAPiaJbHA UC-
dbyukItig i BiHOBIIOBANIACh MOPMOJIOTISE OpraHeJ.
Bingarnintun crpuss ¢ocdopumoBanaio AMPK
Ta 1 mimeni — anernn-KoA-kapOoKcuiasu B yMo-
Bax rimepriikemii. AxktuBaris AMPK npussoau-
Jia 1o 3HmkeHHs ekcrpecii Drpl. Otxe, iDDP-4
MOM SIKIITY€E €H/I0TeNalbHy MiTOXOH/IPIAJIbHY JTUC-
dyukiio npu giaberi yepes npuraivenns AMPK
orocepeIkoBaHoro Drpl MiTOXOHPIaabHOTO MO/Ti-
ay [38].

EKII BizgirpatoTh 3aXxMCHy POJib TIPU IOIIKO-
JUKeHHI cyanH. Bonu 6epyTh ydacTh y BiHOBJIEH-
Hi €HJIOTENII0 CY/IUH 1 aHTioreHe3i nuIgxoM aude-
pentiaii B 3pizii EK, gaki BuginsioTs peryistopHi
Meziatopu. BBaskaerbes, 1o piBHi Ta QyHKITT TTIP-
kymiolounx EKII 3HaunOI0 Mipoio BIJIMBAIOTH Ha
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CC3 1 ToMy 3HUKEHHS iX KiJTbKOCTI PO3IJISIAETHCS
gk mapkep natorenesy cyaun. [Ipu AC EKII 3axu-
MAf0Th CYJNHU, 3MEHIITYIOUN TTOMIKO/KEHHS eH/I0-
Testifo Ta npurHivyoun pict Osstiiok. Pisens EKIT
y xBopux Ha LI/l Huskumii, HixK y 3/10pOBUX JIIOJIEH, 1
(bYHKIIisT €H0TesiI0 MaIli€HTiB, 0COOJUBO 3 CYANH-
HUMM YCKJIQJHEHHSIMM, aCOIIIOETHCS 3 1X KIJIBKICTIO.
[MTokasano, 1o nporumiabernyni edexkrn iDDP-4
oB’s13aHi 3i 36iabenHsaM kizbkocti EKIL. 1le mo-
SCHIOETBCSI THUM, 1110 akTuBHICTH iIDDP-4 npusso-
nuth 710 HakonmyeHHd SDF-1q, sgkuii 38’a3y€eTbcs
3i cBoim penenitopom CXCR4, BianosigagibHIM
3a mocuJieHy MoOiIi3alliio B KpoBOOOIr i3 KicTKo-
Boro Mo3Ky Ta xemotakcuc EKII [28]. Tlopymien-
ua ¢ynkmiit EKII npu [/l mpusBoanTts 10 3MiH y
peryudiii cynuaHoro romeoctady ta EJI. TToxpa-
nierHs ¢ynkiionyBanaa EKIT posrisiaetbesa sk
HepCreKTUBHA CTPATeris /Ui JiKyBaHHS CyTUHHUX
yekaagaHenb. Mexanizmu z1ii iDDP-4 na EKII 3ammm-
MIAT0THCST HEICHUMU. 3/IATHICTD JIiparJyTULy CIIPH-
i iepdysii KpoBi Ta aHTioreHe3y mpw AiabeTi o1i-
HIOBa/IM Ha Mojesti piabetrmununx mumreir. IDDP-4
IIOCUJIIOBAB KPOBOIIOCTAYaHHSI Ta aHTiOreHe3 B ille-
MiuHUX KiHniBkax muineii db/db ta 3 giabetom 1-ro
tuiy. Kpim toro, iHri6GiTOp MOKpaIiyBas Mirpario
kituH i mpoaykitiio NO B EKII y cepenosui 3 Bu-
COKUM BMICTOM TJIIOKO3U. BUBYEHHST CUTHAJIBHIX
MJISIXIB BUSHAUMJIO MEPEXKY TeHiB, 110 3aJy4deHi /10
aHTUOKCUJAaHTHOI cdepu. [lociimKkeHHs MexaHis-
MiB nokasasio, o iDDP-4 3uukye piBenb ROS
Ta IABUILY€E akTuBHicTh nuclear factor erythroid
2-like factor 2 uepes muigx Akt/GSK3-B/Fyn, a
MIPUTHIYEHHSA 1HOTO MIJISAXY CKACOBYE aKTUBAIIIO
1boro daxropa i mokpamenns dynkiiii EKII. 3a-
raJloM, 11i pe3yJibTaTH CBiJiYaTh PO TepaneBTUYHNI
notenttiasn iDDP-4 moxo ctumymoBanssa QyHKITT
EKII Ta moxkpaiieHHs illieMiqyHOTO aHrioreHesy 1npu
I [39].

YV nocnigax Ha mummax db/db i3 niabGeroMm i 0xKu-
piHHaM TBapuHaMm BBojuin iDDP-4 mnpotsarom
12 TwskHiB. [HriGiTOP 3HMKYBAB PiBEHb IJIIOKO3M Ta
HbA1c y kposi if moKpaliyBaB 4yTJMBICTh [0 iH-
CyJIiHY, ajie He BIUIMBAB Ha Macy Tijla YM JHHiaHuN
poiib KPoBi. Y TPyIIi JIIKyBaHHS CIIOCTEPITATICH
MO3UTUBHI 3MIHM MIOZI0 CUCTOJIYHOI/iacTOMIYHOI
(byHkiii cepiis, rineprpodii ta ¢ibposy. IDDP-4 3a-
1006iraB cepieBiil JiMOTOKCUYHOCTI IIJISXOM 3MEH-
IIeHHS HAKOTTMYEeHH JIITI/[IB Y MioKap/li uepes npu-
ruivennss CD36, ACSL1, FABP3, PPARy, DGAT1
i mocwmennst imribyBanns FOXO1. Omocepen-
koBane iDDP-4 mnokpaienHsi MiTOXOH/piajibHOI
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(GyHKIIT Ta 3MEHIIEHHS TTONTKO/KEHD JOCATAIICH
MJIIXOM akTuBallii curHasbaoro nsixy PGCla/
Nrfl/TFAM, skwii aKTUBYE MIiTOXOHIpiaTbHUI
6iorenes. CexsenyBanust PHK cepris miarsepan-
JIO, IO JIIKYyBaHHS BUKJIMKAJIO 3MiHU €KCIIPeCii re-
HiB, NOB'g3aHux i3 Merabosizmom Jimigis. Otixe,
iDDP-4 nokpaiiytoTs cepiieBy (GyHKINIO MIISTXOM
3MEHIIIEHH JIMOTOKCUYHOCTI Ta MOIIKO/XKEHHST Mi-
TOXOH/IPIiT i 3a0e31euyoTh TepaneBTUIHNN edeKT
1m0/10 AiabeTraHol Kapaiomiomnarii [40].

Astodaris — 11e nporiec, y sKomMy JiepeKTHI Kili-
TUHHI KOMIIOHEHTHU TIOTVIMHAIOTHCS CHelliaTbHUMU
crpykrypamu. AD HeoOXimHa UIst MATPUMKH Ha-
JIE3KHOI KJIITUHHOI PIBHOBAru Ta Bijlirpa€e *KUTTEBO
BQKJIMBY TOMEOCTATUYHY POJIb, BUBLIBHSIIOUN TIO-
JKUBHI PEYOBUHU 3 MaKPOMOJIEKYJ 1 BHUIAJSIOUN
HebaskaHi KiiTuHHI cTpykrypu. [TopyrieHus pery-
ssnii AD acortiifioBare 3 KiJIbKOMa 3aXBOPIOBaHHSI-
mu, Bkaodaioun AC, 1110 1oB’s13aHe 3 ITABUIEHUM
OC i nekposzom Ab ma mizniit crazmii [41, 42]. 3a-
XUIMAIYN KTITUHU Ta 3MEHITYI0uN BUBITHHEHHS
sanmajbHuX YnHHUKIB AMD crpusie crabiapHOCTI
AB, a Takok 0O6MeKy€ arorTo3, MPUTHIYYIOYHN aK-
tuBaitito indgaammacom. AD y M®D rpae BakiuBy
POJIb B YTBOPEHHI MIHUCTUX KJITUH, 3MEHIIYIOUU
norsaanas M® oxLDL, 36iibimyoun edeporm-
103 M®D i cipusitoun ekcrnopTy xosectepuny. lle
MTO3UTUBHO BIJINBA€E Ha Po3BUTOK AC depe3 3MeH-
meHHs 3anajiennst Ossimok [43]. Perymsiis AD
€ CKJIQJIHUM IIPOIIeCcOM, 110 BKJIIOYAE KiJbKa CHUT-
HaJTbHUX MIIAXIB. [ledKki 3 MUX MIIAXiB KOHTPOJIIO-
10Thcst mammalian target of rapamycin (mTOR), a
takoxk AMPK — cencopamn kiTuHHOI eHeprii Ta
MOKUBHUX PEUOBUH. 3a JIOCTATHOCTI PeCcypciB /i
migrpumin pocty, mMTORC1 moske npuraiuyBaTu
AD nuigxom iHTerpaii Bucxigaux curuainis 3 Akt
[44]. Excnpecis mTORC1 3nauno migBuiiieHa y
TBApWH Ha aTeporeHHiil mieTi. licTomarosoriaaunii
aHaJII3 MiATBEPANB HASIBHICTD aTE€POCKIEPOTUYHUX
ypaskeHb y TBapuH Ha Takil fieti. IDDP-4 cyTreBo
KOPUTYBaJIU JITHUH TTpodiyb (PiBHI XoJiecTepu-
ny, tpurminepuais i LDL) ta ekcripecito mMTORCI.
JlikyBanust iDDP-4 3umkyBasio piBerb Gika p62
aopTH, 10 cBimuuTh 11O BigHoBAeHHSI AD [44]. Ta-
kuM yuHoM, iDDP-4 crioBinbHioBaB po3sutok AC
yepe3 nocusieHds AD 1ISAXOM TPUTHIYEHHST CUT-
Hasiary mTORCH.

Kisnbka gocaifizkenb Ha TBapuHAX MOKa3asH, 110
MUII 3 HOKayTOM amnoJinonpoTeiny E Ta mumii 3
noxkaytoM LDLR, He3asie;kHO Bi/l HASBHOCTI UM Biji-
cyTHOCTI miabery, micas gikyBantus iDDP-4 matoth



ISSN 1680-1466" ENDOKRYNOLOGIA" 2024, VOLUME 29, No. 2

3MeHIeny miomy ADB TOpiBHSIHO 3 HEJIIKOBAHUMU
rpynamu [27, 29, 45]. Y muiieii, siki oTpuMyBaiu
iDDP-4, yrBopioBasiocsa menmie ADb, HiXk y KOHT-
POJBHI#T TPyTIi, 0COOJINBO B Iy3i AOPTH Ta B YePEBHIl
aoprti. Kpim Toro, iDDP-4 3HauHO 3HM)KYyBaB eKc-
npecito MCP-1 Tta IL-6 B aopti, a Tako:x cupoBart-
koBi piBHi VCAM i P-cenextuny, inaykysas docho-
puwroBanist AMPK i Akt, BogHouac npuraiayioun
dochopmmoannas p3SMAPK i nozakmitTinHHOT cHT-
HaJI-PeryJiboBaHol KiHazu B aoptax. Otxe, iDDP-4
3MEHIIYIOTb IJIOULY aTePOCKJIEPOTUYHOIO ypPasKeH-
H4 1stxoM perysmoBanid nsixis AMPK i MAPK,
raJbMyBaHHS PeaKIliil 3amajieHHs Ta B3aEMO/III Jieii-
koruTiB 3 EK. 11i z1i1 He 3aneskats Bif edekty BTpaTtn
Baru Ta 3HM;KeHHS PiBHS TJIIOKO3M [46].

Bigomo, mo nornunanag M@ 1no3akaiTHHHUX
ox-LDL, 3 yrBopeHHsIM MIHUCTUX KJITHH, € O3HA-
Kot0 paHHboi1 cTafii AC. ¥ mutiieil i3 HOkayToM aro-
ginoripoteiny E iDDP-4 nipogBisiiors aHTHATEPO-
TEHHY JIIT0 MIJIIXOM 3MEHIITIeHHS KiJIbKOCTI MOHOITU-
TiB Ta iHribyBaHHs iHbinprpanii MO [42]. IDDP-4
[IPUTHIYYIOTh YTBOPEHHS IIHUCTUX KJITHUH, HMO-
BipHO, IUIAXOM IpurHiveHHs kiHazamu Akt /AMPK
msxiB NF-kB ta JNK. Kpim Toro, 7151 yTBOpeHHs
HIHKCTUX KJIITUH HEOOXiHI CKaBeHIKep-PelernTo-
puHa M@ SRA, CD361 LOX-1 [47]. IDDP-4 3uu-
KyoTh excrpecito LOX-1 i CD36, mpurniuytoun
aKTUBHICTD poTeinkinasu C [25].

JloctijpkeHHs Ha JIIOJISIX TAKOXK BUSIBUJIN, IO B
namientis i3 I[/] Ta imemiyroo XBOpoOOIO cepiist
iDDP-4 ynoBibHIOIOTH MPOTPeCcyBaHHST TOBIIUHU
KOMIIJIEKCY iIHTUMa-Me/lia COHHOI apTepii — BasKJIu-
Boro nokazunka AC. 3a yMOB TaTOJIOT1 IMiIBUIIIEHA
ekcIrpecist MoJiekyJi ajiresii Ha nosepxHi EK, Taknx
gk ICAM, cenextunu Ta VCAM, pazom i3 xeMOKi-
Ham#, Takumu sk MCP-1, cripusie aaresii MoHOTIH-
TiB JI0 €HJIOTEJII0 Ta CTUMYJIIOBAHHS 1X TIO/IAJIBIIIOL
TpaHCeH/I0Te iaabHOI MiTpaillii 3 TpaHchopMalrieio
B M®. [locaimkennus BusiBuin, 1mo iDDP-4 npu-
THIYYIOTh €KCIIPeCilo MOJIEKYJI CyJAMHHOL aaresii-1,
E-cenextuny Ta MOJIEKyJI MIXKKJIITUHHOI a/ire3ii-1 B
EK i BUABJSAIOTH OTYKHY aHTHATEPOCKIEPOTUUHY
fito nisxoM inribyBannst nuistxy NF-kB [25].

M® nyxe macTuyHi moa0 GeHoTHITy i PyHK-
it [1, 7, 45]. Bizomo, 1o pisui tunmn M@ maioTthb
pi3Hi iMyHHI (yHKIIIT: KaiTnHr M1 akTHBYIOTBCS 32
KJIACHYHUM CIleHapieM i 6epyTh ydacTh y 3armajib-
HUX TIpollecax, To/l SIK KJAITuHU M2 aKTUBYIOThCS
aJIGTEPHATUBHO 1 BiJIirpaloTh poJib peryisropa. Ha
panHix crazisgx nporpecyiodoro AC M® M2 Buko-
HYIOTh 3aXUCHY (DYHKITIO Yyepe3 3BOPOTHUN TpaH-

CIIOPT XOJIECTEPUHY Ta TPOTU3ATATIBHY PETYJIILIO.
[Tokazano, mo iDDP-4 3pilicHoioTs anTuarepo-
CKJIEPOTHUHY [Ii10, cripusiioun Tpancdopmartii MO
y tut M2 y paiioHi OJIsIII0K i 3HUKEHHST B HUX BMic-
Ty gimiais. g M2-nongpusartis mijg gac onocepe/-
koBaHol iDDP-4 6siokaam pannboro AC 3a/eKnuTh
Bin curHaminry SDF-1a/CXCR4 [45]. Oanak, y
nporpecyiounx Ab M® M2 MOXyTb BHUSABISATH
MPOTUJIEKHUT e(heKT, CIPUSIOUN HeOBACKY ISIpU3a-
11ii, 110 MPU3BOAUTH O HAKOMWUYEHHS ITPO3amiajib-
HUX (aKTOPiB i IMOCUIEHHS Mirpailii JIeKOIIUTIB.
Kownxpersi poui inribitopis DDP-4 y nossipusartii
ta aktuBaiii M@ norpe6yOTh BUBYEHHSL.

Byno mpomemoHCcTpoBaHO IMyHOCYIpPECUBHY
mito iDDP-4 na mudepentiattito simdonutis Thi,
Th17 i Th2, mo npusBoaANTH 10 TeHepallii peryJis-
TOPHUX KJIITWH, $IKi CEKPeTYyTh TpaHchopMylo-
unii pakrop pocty Oera-1, i3 HU3BKOIO EKCIIPECi-
efo rena CD26, 1110 Moske MMO3UTUBHO BILJIMBATU Ha
cTaH PB-KJITUH MiANLIYHKOBOI 3a7103U B MAIliEHTIB
i3 I1/11. Kpim Toro, 3HaUHO 3HMIKYBaBCS BiJICOTOK
T-xaitun: CD4+ IL-17+, CD4+ IFNy+ i CD4+
IL-4+. JlikyBanus iDDP-4 npurniuye nposide-
pairtito MOHOHYKJIeapiB nepugepuaHoi KPoBi JI0/1-
HU, CTUMYJIBOBAHUX (DiTOTEMArJTIOTUHIHOM, i 3HU-
kye excrpecito CD26, mo cBigunTh mpo ix BIJIMB
Ha eKcrpecifo, auMepusariito i curHamiar DDP-4.
JlikyBaHHA He TUIBKM TPUTHIUYBAJIO YTBOPEHH:
nuTokiniB IL-10 ta IFN-y, ane # moBHICTIO TIpuU-
nuHso ekcrpeciio [L-6 y MoHoHyKJIeapax Ha TJIi
cekpertii IL-4 [48].

Ha pannix cragigX yTBOpeHHS  OJISIIOK
ranagkom’s3oBi kmitunn (I'MK) mirpytoTs g0 cy-
JIMHHOI iHTUMH, Jie 1X TpoJiidhepallisi TPUCKOPIOE
rinmepruiasio iHTUMH Ta MoAaNbIInil po3BuTOK AC.
IDDP-4 nemMoHCTPYIOTH CYyTTEBE TIPUTHIYEHHS Mi-
rpaitii TMK, i 11s1 HeraTuBHa peryJistitist Moxe OyTH
MOB’si3aHa 3 TaJbMyBaHHAM eKCIpecii XeMOKiHiB
MCP-1 i monexyn cynmunnoi aaresii-1. Kpim toro,
inribitopy DDP-4 MOXyTh aKTUBYBATH IMLISIX
Nrf-2, 1110 npu3BOAUTH 10 HPUTHIYEHHS TIpostide-
paitii X KJIITUH 1 3MeHIIIeHHd TOBIIMHU IHTUMU
[29]. CyauHHMiT pecTeHO3 € aKTyaJbHOIO TPOOJIe-
MOIO, sIKy HeOOXi[HO BUpilIyBaTH B TAI[iEHTIB i3
KOPOHAPHOIO PeBACKYJISPU3AILIE€I0, a TIPoJTidepaltist
I'MK € xatouoBuM (PaKTOPOM BUHUKHEHHSI CTEHO-
3y. [lokazano, mo iDDP-4 npuraiuytors mpodtide-
pamtito 'MK mics nonkopkeHHsd eHpoTeNiio i Bi-
JIirpaloTh 3aXUCHY POJIb TIPU PECTEHO3i, KA MOKe
OyTH MOB’sI3aHa 3 MOCUJIEHHSIM OIOCEPEAKOBAHOTO
kactazoio-3 anonrro3y 'MK [26].
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Ornagn

[Tigumiennii pisens B/KK € dakTopom pusuky
I1/12. TTamienTtn 3 giabeToM, TIOB SI3aHUM 3 OKUPiH-
HSM, 9acTo MaoTh TiaButieHi pisai B/KK y nmasmi
ab0 Tomy, 1110 BestrKa KisibKicTh BJKK BuBibHSIETD-
¢s1 3 HAJIMIIIKOBOT JKUPOBOT TKAHUHH, 200 Yepes mo-
pymensst MmexaHi3miB kiipency B/KK [49]. Tnep-
iHCyJTiHEMis, TIOB’sI3aHa 3 aHOMAJIbHUM MeTaboJIi3-
moM BIKK, € npsamum pakTopoM pu3uKy PO3BUTKY
AC, a rakox inmux CC3. [ligsumeni pisai BJKK 'y
J1a3Mi CIIPUYUHSIOTH BUCOKUI CTYTIiHb 3aTaJIeHHS,
1o takosk crpusie po3sutky CC3. E/I, Bukimkana
Bucokumu piBasiMu BIKK, € omanm i3 mexanizmis,
noB’si3anux i3 nporpecysanusaMm /1. [locaimxen-
HS MOJIEKYJIIPHUX MeXaHi3MiB il BiIAarminTuHy
moxo nocaabnenns EJI, cupuunnenoi BXKK, mno-
Kazaso, mo oOpoOka EK inribiTopom mpurhiuye
BUBIJIbHEHHSI KJITUHAMU JIaKTaT/erijiporeHasu Ta
rereparito ROS, ingykosani BJKK. IligBumnienns
AKTUBHOCTI JIAKTAT/IeTi/[POTeHa3! € BayKJINBUM Ha-
CJTIIKOM 3aTajieHHs Yepe3 aKTWBAIliio iHdmaMma-
com NLRP3/ASC, nipontosy, mpoayxkiii IL-1f ta
IL-18 [49]. BingarminTus TakoK yCcyBa€ iHyKoBa-
He BJKK sumxennsa pisag GSH i nigsuineny exc-
npeciio acortitioBanoi 3 BJKK Nox-4, sika orocepe/i-
koBye yrBopents ROS y mitoxonapiax. Kpim Toro,
BIJIIATTINITUH TaTbMY€ 3HMKEHHS MiTOXOH/IPiaJib-
Horo morenttiany, cnpuunaene B/KK. Iligsumiena
ekcripeciss Nox-4 mom’si3ana 3 aktuBaiieio B EK
NLRP3-indaammacom i nporecurrom 1L-1f [50],
SIKi 6epPyTh ydacTh B YTBOPEHHI MIHUCTUX KJITHH.
NLRP3-3anexxnuii miponTos i MpoliecuHr mposa-
[MaJIbHUX LUTOKIHIB, Takux sk IL-1f ta IL-18, in-
nykoBani ROS, nmos’s3ani 3 mporpecyBantsm CC3
[5, 51]. IDDP-4 6mokytots curaan TLR4, aktuBa-
wito indaammacom NLRP3 i Busisbaenns 1L-1f
B MO o iuHu NIISXOM TPUTHIYEHHST aKTUBHOC-
ti PKC, nemMoHCTpyloun CHpUATIUBUN BIJIUB HA
AC [52]. Tak, BiiariinTuH MPUTHIYYE THIYKOBAHY
BJKK ekcmpeciio 6i1KiB iH(pIaMMaCOMHOTO KOMII-
sekcy NLRP3, skmouaroun NLRP3, ASC, p20 Tta
HMGB-1, i nom’sikiye cipuunneny B/KK inaktu-
Baiifo msxy AMPK. Otke, inribiTop npurniuye
MPO/yKIlifo BOX 1uToKiHiB — IL-1f ta IL-18, aka
e naciigkom NLRP3-3zamexnoro mexanizmy 3a-
najieHHst. BingarainTH TakoxK MiJBUIILYE PiBeHb
eNOS, axuii sumkyerbes 3a aii B/KK, mo Bkasye na
iioro 3axucHy posab npotu EJl. OTxe, mpoTekTHMIA
edexr Bismaraintuny B EK onocepenkoBanmii yepes
npurnivenuss NLRP3-indaammacom/HMGB-1. i
JlaHi CBiTIaTh TIPO Te, MO BIIAATTINTUH MOKE MaTH
MOJIBiliHE TepareBTUYHEe 3aCTOCYBAHHS — JIJIsI 3HU-
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JKEeHHS PiBHS IJTIOKO3U Ta TIOKpaleHHs (PyHKIIi1 cy-
uH [49].

[Moxo BruBy iHwmoro inribiropa iDDP-4 ana-
rintuny Ha EJ[, cnpuuMHeHny BHCOKMM BMiCTOM
IJTIOKO3U, JJaHWX HeJocTtaTHbo. HetoxasHi pocai-
JUKEHHST BUSIBUJIN, 1110 JIikyBaHHs iDDP-4 3amobi-
ra€ iHIyKOBAaHOMY TJIIOKO30I0 3HWXKEHHIO KUTTE-
3IATHOCTI KJITUH 1 IIOCUJEHHIO BUBIJIbHEHHS JaK-
taterizporenasn B EK mymkoBoi Benu JsoamHu.
AHarJIinTHH rajJibMye iHyKOBaHe BUCOKUM piBHEM
raioko3u nocuienast ekcrpecii ROS i Nox-4 ta
TXNIP (thioredoxin-interacting protein). Jliky-
BanHg iDDP-4 3umkyBaso iHAYKOBaHY BUCOKOIO
TJIIOKO3010 aKTuBaiio 3aneknoro Big NLRP3-
iHammacoM 3amajieHHsd, PO MO CBIAYNTH 3HU-
kerHs exkcripecii NLRP3, ASC i posmemnienoi xac-
nazu-1. Kpim toro, oziep:kani pesyJibTaTu JIeMOH-
CcTpyI0Th, 10 iDDP-4 npunuHgas mBUAKUN 1po-
necunr [L-1B ta IL-18, inaykoBanuii riaoko30io.
Bceranossieno, 1mo JikyBaHHS aHATTINTUHOM Bifl-
HOBJIIOE iHIYKOBaHE BUCOKOTO TJIIOKO3010 3HWKEH-
Hs ekcrpecii ricron-aeatnerunaasu SIRT1. Bimomo,
mo SIRT1 Bizirpae HeraTuBHY pPOJIb MMOJO AKTH-
Barii 3armasennsi depe3 NLRP3-indaammacomu.
Caitnencunr SIRT1 muasixom tpancdexiii siRNA
CKACOBYBaB TaIbMiBHI e(eKTH aHATTINTUHY MO0
3amajieHHs yepe3 akTuBaiifo iHdrammacom. bio-
kyBanHus aktusauii NLRP3 cramo BaksmBoio Te-
parneBTUYHOK cTpaTerieto g jgikyBanuga EJl mpu
CC3, cupuuMHEeHUX BUCOKUM BMICTOM TJIIOKO3MU.
[li pe3yabTaTh MOKa3yIOTh, 1110 aHATJINTUH MOXKe
3a0e3MevdyBaTy 3aXUCT Bijl MONIKO/KEHHS E€H[IO-
TeJIi10, CHPUYMHEHOTO BUCOKUM pPiBHEM TIJIIOKO-
3u, uepe3 SIRT1-3amexne iHriOyBaHHsS aKTHUBAIIil
NLRP3-indammacom [53].

Crapinng (cenecnienitis) 'MK cyaun Bijirpae
BakyuBy poJsib y marorene3i AC. Ocrtanni nani
BKa3yioTh Ha Te, mo iDPP-4 nemonctpyiors mm-
pokwuii criekTp no3utuBHUX edekTiB 1momao CCC.
BuByanu edext aHArNTHHY MO0 iHIYKOBAHOTO
IL-1B kaitunHoro crapinus B kiaituHax MK, mo6
BU3HAYUTHU TeparieBTUYHI MOKJIMBOCTI 1[bOTO IIpe-
napaty npu AC. Bugsuiu, mo gikysauus iDDP-4
sumkyBasio cekpertiio TNF-a, IL-6 i MCP-1. Kpim
TOTO, OJlepsKaHi JlaHi BKazyioTh Ha Te, 1o [L-1(3
3HWKYE aKTUBHICTH TEJIOMEPa3H, SKa 3pocTajia Mpu
gikyBanHi iDDP-4. /loBxkuHa Tesomep HeraTUBHO
nos’s13ana 3 pusnkom CCJ3. [TopiBHAHO 3 HOPMAaJb-
HUMU KJITUHAMU CYJAMHHOI CTiHKK Ta IUPKYJIO-
tounmu EKII, 6isibiir BKOpOUEHi TEJIOMEPHU CIIOCTEPI-
raforbes B Oustimkax y MK i EK [54]. Crumy isiis
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IL-1B nocuimoBasa 3abapBeHHs B-raJakTo31/asu,
OB sI3aHe 3 CEeHEeCIIEHII€10, OLIbIN HIK y 3 pasu 1o-
PIBHSIHO 3 KOHTPOJIBHOIO TPYTIOT0, ajle BOHO 3HUXKY-
BaJsioch Ipu JiikyBanHi iDDP-4. AnarminTun takox
CYTTEBO 3HWKYBaB peryJiditito p16, p21 i migsuiry-
BaB piBerb SIRT1 y kuiturax TMK, inky6oBaHnx
3 IL-1B. Voro saxucuuii edekT MO0 cenecientii
B kiitnuHax MK OyB cracoBanuil cailJieHCUHTOM
SIRT1. Taknm unrom, iDDP-4 3axumarors KiiTu-
v 'MK i EK Biz iHZyKOBaHOTO IIUTOKIHAMU CTa-
pinHs i et epext onocepenaroByerbest SIRT1 [54].

KninriuHi pocmipKeHHsT TPOIEMOHCTPYBAJIH, 1110
3actocyBanHst iDDP-4 3nauHO 3HMIKYE 3arajibHUH
XOJIECTEPUH 1 XOJIeCTEePUH JIIIOIPOTEIHIB HU3bBKOI
ryctunu [55]. [ToBimoMsiocs: TakosK, 110 BBEIEHHS
AHATJTINTUHY 3an00irae rinepriasii iInTHME MJISTXOM
ctumymoBanHg Mirpaiii EK uepes akrusartito cur-
Hasiary SOD-1/RhoA/JNK [56]. ITonepemnst iH-
KyOartisgt 3 iDDP-4 mocuioBajia 3aXiCHY 31aTHICTh
enzoresiio mpotu OC Ta anonTosdy, CIPUIMHEHOTO
H,0,, masaxom inribysannsa Bax, yropenna ROS,
pO3IIEIJIEHH Kacla3nu-3 Ta HaJMIPHOI eKcrpecil
mutoxpomy C B EK mynkoBoi Benu jogaunau [57].
ExcrniepuMeHT in vivo NMpojeMOHCTPYBaB, 1110 BBe-
nens iDDP-4 3amobirae maToJIoriYHOMY IIpOrpe-
cyBannio AC Ha mozesri mutireii i3 gedirurom ApoE
HIIXOM 1HTiIOyBanHs mpostridepartii kritua [MK ta
3anaabHOI peakilii [29].

Kinbka mociizkeHb MpoJIeMOHCTPYBAJIH TTPUTHI-
yennsa AC aoptu iDDP-4 y mumieii i3 rinepxosiec-
TepuHeMielo. OHAK 3aJaUIIAN0CS HEBU3HAYEHUM,
yu crpasiagiorh iDDP-4  takox anTmaTeporeHHy
[lit0 Ha KopoHapHi aprepii. Tomy BUBYaIM BIJINB
iDDP-4 na possutok AC B a0pTi Ta KOPOHAPHUX
apTepisix y KPOJIMKIB, sIKi epeOyBaJu Ha JIETi 3 BU-
COKHM BMicTOM XoJiecTepuny. CllosKUBaHHS X0J1ec-
TepuHy 3 Kelo MiJIBUITYBAJIO PiBEHDb XOJIECTEPUHY
B CMPOBATIli KPOBi Ta B JINONPOTeiHAX /yKe HU3b-
koi ryctunn (VLDL-C). IDDP-4, nemo 3amxyBa-
JIM, Xo4a ¥ HEBIPOTiHO, 3aTaJbHUM XOJIECTEPUH i
VLDL-C, a Takox mapkepu abcop0itii xomecrepu-
HY CUTOCTEPOJT i KammiecTepoJi. AkTuBHicTh DD P-4
y cupoBaTIli KpoBi OyJia npurniveHa Ha 82%, a piBHi
aktuBHoro GLP-1 i tyoko303ae;kHOT0 iHCYJT1iHO-
TPOITHOTO TOJIIIENITUAY TIiJ] Yac JIiKyBaHHS I1i/1BU-
muiics 'y 2-3 pasu. Baskka rinepxosectepuHemis
npu3Bouia 1o po3suTky AC aopTu, a CIiBBiIHO-
HIEHHS aTEePOCKJIEPOTUYHUX YPAsKeHb /10 3arajibHOl
ILJIONIT TOBEPXHi a0pTH cTanoBuio 22+2%. IDDP-4
MPUTHIYYBaTN KOeDIillieHT ypaKeHHs Maiike y 2,5
pasa [58]. Ha kopoHapHuX apTepisix 4iTKO CIocTe-

pirajuch aTepoCKJIePOTUYHI ypaskeHHs 31 30iblire-
HOIO TJIOIIEI0 iHTUMa-Melia i Tporpecyiodnm hop-
MyBaHHsAM iHTUMU. JlikyBanHsa iDDP-4 npusso-
JIAJIO JIO0 3MEHIIeHHS 30HU 1HTUMa-Me/ia Ta IO
iHTUMH. AJbda-raagKoM si30Bi  aKTUH-TIO3UTUBHI
ta M®-1103UTUBHI MIJISHKM B KOPOHAPHUX apTe-
pisIX micss JIiKyBaHHSI 3MEHIIyBaJIuCh. EKciipecis
TNF-a ta IL-6 y connux aprepisix Gysa MOMITHO
3HWKEHA, a cCyAnHHa akTuBHICTE DPP-4 micasa mi-
KyBanHs OyJa 3Hiskena na 66% [58].

Ortxe, iDPP-4 MOXyTb CyTTEBO NMPUTHIYYBATH
YTBOPEHHST OJISATIOK Y KOPOHAPHUX apTePisiX i3 1mo-
MiTHUM 3MeHIeHHAM Hakonnyenuss MO, iimoBip-
HO, yepes3 iX TPOoTU3aaibHi BJACTUBOCTI.

[TopiBHAHHS TepaneBTUYHUX e(EKTIB ITNTHHIB
mozio JiikyBamnus piabernannx CC3 Ta aBTOIMyH-
HOTO J1iabeTy MOKAa3aJI0, [0 HANTITUPIINM CIIEKTPOM
TepaneBTUYHUX eeKTiB XapaKTepU3yeThCs BiJija-
raintu [59].
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Cmncok CKOpPOY€Hb:

AC — arepockiiepo3

I'MK - ryasikoM’s130Bi KT THHI

EJl — ennorenianpaa AucHyHKITIS

EK — ennorenianbHi KITITHHI

EKII — enyioresianbHi K THHU-TIOTIEPETHIKI
M® — makpodaru

AMPK - AM®-akrrBoBaHa nMpoTeiHKiHA3a

eNOS - enyioresiasbHa CHHTA3a OKCULY a30TY

GLP-1 — rmokarononoaibnuii menrtu-1

IL — inrepaeiikin (interleukin)

LDL — ninonporeinu ausbkoi ryctuau okuciaeni (oxLDL)
MCP-1 — MoHOIITAPHUIT XeMOaTTpaKTaHTHUI 6110K-1
mTOR — mammalian target of rapamycin

NF-kB — szephuii daxrop karmnaB (nuclear factor kappaB)
NLRP - nucleotide-binding and oligomerization domain-like
receptor family pyrin domain-containing 3

NO - okcup asory (nitric oxide)

ROS - axrusni popmu kucHio (reactive oxygen species)
SDF-1a — dakrop crpomaisbiux kiaitur la (stromal cell-
derived factor 1a)

TNF-a — daxrop HeKpo3y myxJuHu-a (tumor necrosis factor)

The use of dipeptidyl peptidase 4 inhibitors for the
treatment of atherosclerosis

L.K. Sokolova, V.M. Pushkarev, O.l. Kovzun, V.V. Pushkarev,

A.M. Sokolova, M.D. Tronko
State Institution «V.P. Komisarenko Institute of Endocrinology and
Metabolism of the NAMS of Ukraine»

Abstract. Inflammatory processes play a key role in atherogenesis. The
drivers of inflammation are endothelial dysfunction, diabetes mellitus,
altered lipoprotein metabolism, free radicals, hemodynamic shear stress,
hypertension, and other factors. Dipeptidyl peptidase 4 (DPP-4) inhibitors
(iDPP-4), in addition to hypoglycemic properties (increase in incretin level
and enhancing the expression of their receptors), control the atherogenic
factors by regulating the level of blood lipids, blood pressure, attenuation
of endothelial dysfunction and oxidative stress, inhibiting inflammatory
processes (blocking NF-kB pathway, TLR4 signaling, NLRP3 inflammasome
activation and IL-1p secretion by macrophages), stimulation of eNOS
activity and NO production, inhibition of endothelin-1, ICAM-1, VCAM-1,
E-selectin expression in endothelial cells. IDPP4 reduce the expression of
NADPH oxidase subunits Nox2 and p47°"in the aorta, reducing vascular
oxidative stress, contributing to the reduction of lipid content and the
transformation of macrophages into M2 type in atherosclerotic plaques.
M2 polarization during iDPP4-mediated blockade of early atherosclerosis
depends on SDF-1a/CXCR4 signaling, which is responsible for increased
mobilization into the circulation and chemotactic activity of endothelial
progenitor cellsinvolved in endothelial repair. IDPP4 inhibit the progression
of atherosclerosis by reducing the levels of MCP-1 and niraHa xemokiHy 3
C-C moTnBom-22 in the serum of patients. In addition, iDPP4 reduce the
number of monocytes, inhibit TNF-a-induced monocyte migration and
macrophage infiltration. Also, iDPP4 suppresse the formation of foam cells,
probably by inhibiting the Akt/AMPK pathways of NF-kB and JNK; reduce
the expression of LOX-1 and CD36 by inhibiting the activity of protein
kinase C, which is involved in the formation of foam cells; demonstrate a
significant suppression of migration and proliferation of smooth muscle
cells, which leads to a decrease in the intima thickness, play a protective
role in restenosis; increase the level of circulating anti-inflammatory factor
IL-10, reduce the percentage of macrophages and T-lymphocytes in
atherosclerotic plaques.
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system diseases in Ukraine
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ClinicalTrials.gov site
database
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Abstract. Endocrine system diseases (ESD) occupy one of the leading places in the structure of the general morbidity of the
population. Recent events have had a significant impact on the healthcare system in Ukraine, including the treatment of ESD and
the conduct of clinical trials (CTs). Aim. Analysis of information about CTs of ESD in Ukraine. Material and methods. Descriptive
analysis was conducted on the ClinicalTrials.gov website database using the keywords «Endocrine System Diseases» in the
«Active, not recruiting» and «Recruiting» groups. Results. Information is presented on 17 CTs of ESD in Ukraine according to the
ClinicalTrials.gov website database as of January 25, 2024, 13 of which had the current status of «Active, not recruiting» and 4 —
«Recruitingy. The average duration of these 17 CTs is 5 years and 6 months, with 2 of them running for more than 10 years. The total
number of CT participants was 28 710 people (minimum — 48, maximum — 13 299, average — 1689). 14 CTs were interventional,
3 studies were observational prospective (2 case-control and 1 cohort). Allocation for 12 CTs was randomized. According to the
type of intervention model, 12 CTs were assigned in parallel groups and 2 were assigned in single groups. No masking was used
in 7 CTs, 2 CTs were double-blind, 1 CT was triple-blind and 4 CTs were quarter-blind. The main purpose of 14 CTs was treatment.
Phase Il of the study was indicated for 4 CTs, phase IIl — for 9 CTs. CTs were conducted in 58 countries, and the average number of
medical facilities was 116. In Ukraine, 35 medical facilities were the bases for conducting CTs. The undisputed leader in terms of
the number of CTs (10 out of 17 or 58.8%) is the State Institution «V.P. Komisarenko Institute of Endocrinology and Metabolism of
the National Academy of Medical Sciences of Ukraine». 4 CTs are held exclusively in Ukraine. CT was sponsored by 8 commercial
and 2 state organizations. Conclusions. As of January 25, 2024, the website www.ClinicalTrials.gov published information about
17 CTs of ESD in Ukraine («Active, not recruiting» — 13 and «Recruiting» — 4). In recent years, a negative trend has been observed
in conducting CTs in Ukraine. The stability of the system in most specialized institutions of Ukraine and the rapid restoration of the
level of providing high-quality special care indicate good prospects for restoring the status quo.

Keywords: endocrine system diseases, clinical trials, Ukraine.

ESD is a class of diseases that occur when the CTs are of paramount importance for the pro-
function of the endocrine glands is impaired. Recent ~ motion and development of new treatment meth-
events have had a significant impact on the health- ~ ods [1]. The ultimate goal of such trials and studies
care system in Ukraine, including the treatment of ~ is to provide the best quality patient care with the
ESD and implementation of CTs. highest and most favourable outcome, while reduc-

ing cost and suffering for the recipient.
© |.P Pasteur
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The largest database of CTs and information
about their results is the ClinicalTrials.gov web
resource, developed under the auspices of the U.S.
Department of Health and Human Services in con-
junction with the National Institute of Health and
Food and Drug Administration [2].

As of January 25, 2024, the official website
www.ClinicalTrials.gov contained information on
478855 CTs conducted in over 200 countries, of which
258 285 CTs (54% of the total) were outside the
United States, 145 825 (30%) — in the United States,
23217 (5%) combined in the United States and other
countries, and for 51 528 (11%) studies, study loca-
tion information was not provided by the sponsor [3].

The number of CTs (368 021 records or 77% of
the total number of registered studies) significant-
ly exceeded the number of clinical observations
(109 030 or 23%) and included 188 656 records of
studies of drugs or biological effects, 129 608 re-
cords of behavioral reactions, 38 202 records of sur-
gical procedures, and 49 687 records — medical in-
struments and devices [3]. 924 records of registered
CTs had expanded access.

For many years Ukraine has been one of the larg-
est markets for international CTs [4]. Ukraine was
a sought-after location for international CT with
nearly 2500 public medical facilities and a compe-
tent healthcare system.

The COVID-19 pandemic has unconditionally
affected clinical researches in most regions of the
world [1]. The focus on developing a vaccine for
SARS-CoV-2 and treating COVID-19 has actu-
ally derailed many ongoing CTs for other diseases
around the world.

Also, the Russian-Ukrainian war undoubtedly
influenced world science and healthcare in Ukraine
[5]. CTs in Ukraine were seriously damaged by the
Russian invasion [6].

The subject of this review is information on CTs
of ESD in Ukraine according to the ClinicalTrials.
gov website database.

Material and methods

A descriptive analysis of the CTs of ESD was
carried out using the ClinicalTrials.gov website
database using the keywords «Endocrine System
Diseases» [7]. Further analysis was carried out in
the «Active, not recruiting» groups (the trial is
ongoing, participants are undergoing examination
and/or treatment, potential participants are not
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currently being recruited) and <«Recruiting» (re-
cruitment of trial participants are being continued)
according to data: duration, number of partici-
pants, type, model and phase of the study, purpose
and type of intervention, sampling method, mask-
ing, sponsors, countries and health care institu-
tions, conducting CTs, etc. Statistical analysis was
performed using standard methods. The results are
presented as n, M£m or Me (inin-max).

Results

As of January 25, 2024, a search on the official
website www.ClinicalTrials.gov found informa-
tion about 2466 CTs in Ukraine, of which 210
(8.5% of the total) were found using the keywords
«Endocrine System Diseases» (Table 1).

Table 1. CTs in Ukraine according to the database ClinicalTrails.gov

Status All studies ESD
Not yet recruiting 0 0
Recruiting 152 6
Enrolling by invitation 13 1
Active, not recruiting 272 19
Suspended 0 0
Terminated 288 24
Completed 1683 153
Withdrawn 8 2
Unknown status 50 5
Total 2466 210

Note: all data are given as of January 25, 2024.

6 CTs with the status «Active, not recruiting»
and 2 CTs with the status «Recruiting» were ex-
cluded from the analysis, since their groups were
formed by patients with neoplasms of the breast,
ovaries, fallopian tube and peritoneum, as well as
thrombocytopenia caused by chemotherapy.

In the future, the publications will consider
13 CTs with the status «Active, not recruiting» and
4 CTs with the status «Recruiting» as of January
25, 2024 (Table 2).

Analysis of CTs start dates (dates when the first
participant was enrolled in CTs) showed that the
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in Ukraine according to the database ClinicalTrails.gov End the table 2
Status Active, not Recruiting Status Active, not Recruiting
recruiting recruiting
Total 13 4 Phase of study
Duration, month Il 4 0
M=m 728485 453+153 i 7 2
Me (min-max) 70 (24-130) 45 (10-81) not applicable 0 1
Intervention/treatment ND 2 1
drugs 11 2 Sponsor
medical devices 0 1 commercial 13 2
procedures 0 0 non-commercial 0 2
dietary supplement 0 1 Location in countries
other products 2 0 M+m 17.3£3.0 8.5+5.0
Enrollment, participants Me (min-max) 20 (1-34) 5.5(1-22)
M-m 2138.6+1195.4 227.0+145 4 Location in facility
Me (min-max) 200 (48-13299) 96 (56-660) Mxm 141.1446.1 33.0+20.1
phase Il 66 (48-80) 0 Me (min-max) 81 (1-467) 22 (1-87)
phase Il 1882 (200-13299) 94 (56-132) Location in Ukrainian city
Study type Kyiv 6 5
interventional 11 3 Kharkiv 5 1
observational 2 1 Dnipro 3 1
Allocation Lviv 2 1
randomized 9 3 Odesa 2 1
N/A 2 0 Poltava 2 0
ND 2 1 Vinnytsia 2 0
Intervention model Zaporizhzhya 2 0
parallel assignment 9 3 Cherkasy 1 0
single group 2 0 Chernivtsi 1 0
assignment Donetsk 1 0
ND 2 1 Ivano-Frankivsk 1 0
Masking Uzhhorod 1 0
none (open label) 6 1 Zhytomyr 1 0
double (participant, 2 0
investigator)
triple (participant, 0 1 Note: ND — no data, N/A — not applicable. All data are given as of January
investigator, 25,2024.
outcomes assessor)
quadruple 3 1 overwhelming majority of CTs (10 out of 17) were
(participant, registered in 2019 and 2020. The date of comple-
care provider, tion of the overwhelming majority of CTs (the
g]uvtis;‘rgzt:;ssessor) date when the last CT participant was examined
b , : or underyv.ent intervention (i.e., the last visit of the
_ last participant)) (11 of 17) were 2024 and 2025.
Primary purpose The average duration of these studies is already
treatment I 3 5 years and 6 months (from 10 months to 10 years
ND 2 1 and 10 months). vexre P
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The total number of CT participants was
28 710 people (minimum — 48, maximum — 13 299,
average — 1689).

The type of study in 14 cases was interventional
(the researcher, according to the protocol, assigned
subjects to diagnostic, therapeutic or other types
of intervention with follow-up and evaluation of
biomedical results and/or health consequences)
and in 3 cases it was observational (participants are
defined as belonging to study groups and assessed
based on the results of biomedical and medical re-
search; participants may receive diagnostic, thera-
peutic, and other types of prescriptions, but the
researcher does not prescribe specific interventions
and/or treatments to participants).

By type of intervention (process or action that
is the focus of the CT), trials were divided into the
following groups: «drugs» — 13 (76.4% of the to-
tal), «devices» — 1 (5.9%), «food supplements» —
1(5.9%) and «others» — 2 (11.8%).

According to the sampling method, of the
14 intervention CTs, 12 were random (the sample
includes random selection, allowing statistical con-
clusions to be made about the entire group), and
2 were — not applicable.

By type of intervention model, 12 CTs were par-
allel group assignments (participants in two or more
groups receive a different intervention/treatment)
and 2 were single-group assignments (all partici-
pants receive the same intervention/treatment).

In 7 clinical studies (50.0% of the number of in-
terventional trials), masking was not used, that is,
all study participants knew about the essence of the
assigned intervention, 2 studies (14.2%) were dou-
ble blind (the participant and the researcher did not
know about the assignment of the intervention),
1 study (7.1%) was triple-blind (the participant,
researcher, and outcome assessor were unaware of
the intervention assignment) and 4 studies (28.7%)
were quarter-blind (the participant, physician, re-
searcher and outcome assessor were not aware of
the intervention assignment).

The primary goal of interventional CTs was
treatment (evaluation of one or more interventions
to treat a disease, syndrome, or condition).

For interventional CTs, the following study
phases were specified: phase II (a research stage to
evaluate the effectiveness of the drug and short-
term side effects in patients with a specific condi-
tion or disease) — for 4 studies (28.7%) and phase
III (research phase for a more in-depth assessment
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of the safety and effectiveness of a drug in different
doses and combinations with other drugs in differ-
ent groups with a large number of patients) — for
9 studies (64.2%); 1 study (7.1%) did not use phase
definition.

According to the study design (model) (general
scheme of the identification strategy and further work
with participants during the study), the distribution
among the 3 observational CTs was as follows: a case-
control study (comparing a group of individuals with
specific characteristics (for example, conditions or ex-
posures compared with a group of individuals with dif-
ferent characteristics, but otherwise similar) — 2 CTs,
cohort study (study of a group of individuals, initially
identified and compiled, with common characteristics
(for example, year of birth), which are considered or
followed over a certain period of time) — 1 CT.

In terms of time perspective, all observational CTs
were prospective (analysis of periodic observations
obtained primarily after forming subject group).

The total number of countries in which CTs
were conducted was 58 (median — 19, minimum —
1, maximum — 34, average — 15.2+2.7). The largest
number of CTs was recorded in the USA (13), Israel
(11), India and Russia (10 each), Great Britain (9),
Poland (8), Australia, Spain, Italy, Canada, South
Korea, Turkey, France and Japan (7 each).

The average number of medical institutions in
which CTs were carried out was 115.6£44.2 (me-
dian — 58, minimum — 1, maximum — 467).

The sponsors of CTs (the organization or person
initiating the study and having the authority to su-
pervise it) were 8 commercial organization («Novo
Nordisk A/S» — 6 CTs, «Ukraine Association
of Biobanks and «OPKO Health, Inc.» — 2 CTs
each, «Amgen», «Ascendis Pharma Endocrinology
Division A/S», <«AstraZeneca», <Eli Lilly and
Company» and «Lumos Pharma» — 1 CT each) and
2 state (Bogomolets National Medical University
and State Institution «The Filatov Institute of Eye
Diseases and Tissue Therapy of National Academy
of Medical Sciences of Ukraine> — 1 CT each.

The bases for conducting the CTs were
35 medical organizations and scientific institutions
in Ukraine («Active,notrecruiting» /«Recruiting»):
e Cherkasy (Communal Non-Profit Enterprise

«Cherkasy Regional Hospital of Cherkasy

Regional Council», 1/0);

e Chernivtsi  (Communal  Non-Commercial

Enterprise «Chernivtsi Regional Endocrinology

Center», 2/0);
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Dnipro (State Institution «Ukrainian State
Scientific Research Institute of Medical and
Social Problems of Disabilities of the Ministry
of Health of Ukraine», 2/0; Communal
Enterprise <«I.I. Mechnykov Dnipropetrovsk
Regional Clinical Hospital>; Communal Non-
Profit Enterprise «Dnipropetrovsk Children’s
Municipal Clinical Hospital No. 5» of Dnipro
City Council, 1/0; Communal Non-Profit
Enterprise «City Clinical Hospital No. 9 of
Dnipro City Council», 2/1);

Donetsk (Communal treatment and preven-
tive institution «Regional Children’s Clinical
Hospital», 1/0);

Ivano-Frankivsk ~ (Municipal =~ Non-Profit
Enterprise «Regional Clinical Hospital of Ivano-
Frankivsk Regional Councils, 3/0);

Kharkiv (State Institution <«L.T. Malaya
Therapy National Institute of the National
Academy of Medical Sciences of Ukraine», 2/0;
Municipal Non-Profit Enterprise «City Clinical
Hospital No. 8» of Kharkiv City Council,
1/0; Communal Non-Profit Institution «City
Clinical Hospital No. 27» of Kharkiv City
Council, 1/0; Communal Non-Profit Enterprise
«Kharkiv Regional Children Clinical Hospital»
of Kharkiv Regional Council, 2/1; Institute of
Bio-Stem Cell Rehabilitation, 2/0);

Kyiv (State Institution <«V.P. Komisarenko
Institute of Endocrinology and Metabolism of
the National Academy of Medical Sciences of
Ukraine»,9/1; Ukrainian Scientificand Practical
Center of Endocrine Surgery, Transplantation of
Endocrine Organs and Tissues of the Ministry of
Health of Ukraine, 3/0; Communal Non-Profit
Enterprise «Kyiv City Clinical Endocrinology
Center», 0/1; Bogomolets National Medical
University, 0/1; State Scientific Institution
«Center for Innovative Medical Technologies of
the National Academy of Sciences of Ukraine»,
1/1; National Children’s Spezialized Hospital
«Ohmatdyt> of the Ministry of Health of
Ukraine, 0/1; Kyiv Railway Clinical Hospital
No. 2 of Branch «Health Center» of the Joint
Stock Company «Ukrainian Railway», 1/0;
Center for Medical Service and Rehabilitation
«Artem» State Holding Company, 1/0; Medical
Center «Ok!Clinic+», 1/0);

Lviv (Danylo Halytsky Lviv National Medical
University, 0/1; Communal Non-Commercial
Enterprise of Lviv Regional Council <«Lviv

Regional State Clinical Medical and Diagnostic

Endocrinological Center», 2/0; Municipal Non-

Profit Enterprise «Lviv City Clinical Hospital

No. 4»,1/0);

e Odesa (State Institution «The Filatov Insti-
tute of Eye Diseases and Tissue Therapy of
the National Academy of Medical Sciences of
Ukraine», 0/1; Municipal Non-Profit Enterprise
«Odesa Regional Clinical Hospital> of Odesa
Regional Council, 2/0; Municipal Non-Profit
Enterprise «Odesa Regional Clinical Children's
Hospital» of Odesa Regional Council, 2/0);

e Poltava (Communal Institution «M.V. Sklifo-
sovskyi Poltava Oblast Clinical Hospital of
Poltava Regional Council», 1/0; Communal
Institution «1st City Clinical Hospital of Pol-
tava City Councils, 2/0);

e Uzhhorod (Communal Non-Profit Enterprise
«Andriy Novak Transcarpathian Regional Clini-
cal Hospital» of Zakarpatska Regional Council,
1/0);

e Vinnytsia (Vinnytsia National Pyrohov Memo-
rial Medical University, 1/0; Communal Non-
Profit Enterprise «Vinnytsia Regional Clini-
cal Highly Specialized Endocrinology Center
Vinnytsia Regional Council», 5/0);

e Zaporizhzhya (Communal Non-Profit Institution
«City Hospital No. 10» of Zaporizhzhya City
Council, 1/0; Communal Non-Profit Institution
«Zaporizhzhya Regional Clinical Child Hospital»
of Zaporizhzhya Regional Council, 1/0);

e Zhytomyr (Communal Non-Profit Enterprise
«O.F Gerbachevsky Regional Clinical Hospital»
of the Zhytomyr Regional Council, 1/0).

The undisputed leader in the number of CTs
(10 out of 17 or 58.8%) is the State Institution
«V.P. Komissarenko Institute of Endocrinology
and Metabolism of National Academy of Medical
Sciences of Ukraine» — a scientific, advisory and
medical institution that provides assistance to
adults and children with endocrine pathology [8].
The Institute is also Ukraine’s leading research
base for training graduate students, clinical resi-
dents, defending doctoral and candidate’s theses in
the specialty «endocrinology», training specialists
in internship and information courses.

4 CTs are conducted exclusively in Ukraine, 2 of
them — on the basis of LLC «Institute of Bio-Stem
Cell Rehabilitation» in Kharkov with the support
of the Ukrainian Association of Biobanks, 1 —
based on Bogomolets National Medical University,
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Communal Non-Profit Enterprise «Kyiv City
Clinical Endocrinology Center, State Scientific
Institution «Center of Innovative Medical Techno-
logies of the National Academy of Sciences of
Ukraine» and Danylo Halytsky Lviv National
Medical University and 1 — based on the State
Institution «The Filatov Institute of Eye Diseases
and Tissue Therapy of the National Academy of

Medical Sciences of Ukraine» and State Institution
«V.P. Komisarenko Institute of Endocrinology and
Metabolism of the National Academy of Medical
Sciences of Ukraine». Scientific institutions from
the United States of America are participating in
13 CTs.

More detailed information about CTs is present-
ed in Table 3 and Table 4.

Table 3. Characteristics of the clinical trials «<Endocrine system diseases» with status «Active, not recruiting» in Ukraine according to the database

ClinicalTrails.gov

NN Characteristics

1 . Safety and Dose Finding Study of Different MOD-4023 Dose Levels Compared to Daily R-human Growth Hormone (hGH) Therapy in Pre-

pubertal Growth Hormone Deficient Children

. NCT02500316 (CP-4-004-extension, EudraCT: 2011-004553-60) // 02.2013-12.2023 // 11.2023

. OPKO Health, Inc. // 6 countries // Communal Treatment and Preventive Institution «Donetsk Regional Children Clinical Hospital» / State
Institution «V.P. Komisarenko Institute of Endocrinology and Metabolism of the National Academy of Medical Sciences of Ukraine» / Ukrainian
Scientific and Practical Center of Endocrine Surgery, Transplantation of Endocrine Organs and Tissues of the Ministry of Health of Ukraine /
Municipal Non-Profit Enterprise «Odesa Regional Clinical Children’s Hospital» of Odesa Regional Council

. Interventional, N/A, single group assignment, none (open label), treatment, phase 2 // Growth hormone deficiency // Drug: Once weekly
injection of long acting R-human Growth Hormone (MOD-4023) (48 participants)

2 1. ARandomised, Multinational, Active-controlled, (Open-labelled), Dose Finding, (Double-blinded), Parallel Group Trial Investigating Efficacy and
Safety of Once-weekly NNC0195-0092 Treatment Compared to Daily Growth Hormone Treatment (Norditropin® FlexPro®) in Growth Hormone
Treatment naive Pre-pubertal Children With Growth Hormone Deficiency

. NCT02616562 (NN8640-4172, EudraCT: 2015-000531-32, WHO: U1111-1166-7062) // 03.2016-09.2024 // 12.2023

. Novo Nordisk A/S // 13 countries // Municipal Non-Profit Enterprise «Regional Clinical Hospital of lvano-Frankivsk Regional Council», State
Institution «V.P. Komisarenko Institute of Endocrinology and Metabolism of the National Academy of Medical Sciences of Ukraine»

. Interventional, randomized, parallel assignment, quadruple (participant, care provider, investigator, outcomes assessor), treatment, phase
2 // Growth hormone disorder, growth hormone deficiency in children // Administered somapacitan (NNC0195-0092) subcutaneously once-
weekly or administered Norditropin® subcutaneously once daily (74 participants)

3 1. A Phase 3, Open-label, Randomized, Multicenter, 12 Months, Efficacy and Safety Study of Weekly MOD-4023 Compared to Daily
Genotropin - Therapy in Pre-pubertal Children With Growth Hormone Deficiency

. NCT02968004 (CP-4-006) // 12.2016-12.2023 // 01.2023

. OPKO Health, Inc. // 20 countries // Ukrainian Scientific and Practical Center of Endocrine Surgery, Transplantation of Endocrine Organs and
Tissues of the Ministry of Health of Ukraine / State Institution «V.P. Komisarenko Institute of Endocrinology and Metabolism of the National
Academy of Medical Sciences of Ukraine» / Municipal Non-Profit Enterprise «Odesa Regional Clinical Children’s Hospital» of Odesa Regional
Council / Communal Non-Commercial Enterprise «Vinnytsia Regional Clinical Highly Specialized Endocrinology Center Vinnitsa Regional
Council» / Communal Non-Profit Institution «Zaporizhzhya Regional Clinical Child Hospital» of Zaporizhzhya Regional Council

. Interventional, randomized, parallel assignment, none (open label), treatment, phase 3 // Pediatric growth hormone deficiency // Drug: Once
weekly subcutaneous injection of MOD-4023 (Somatrogon) using pre-filled pen device or once daily subcutaneous injection of Somatropin
(Genotropin) using pre-filled pen device (224 participants)

4

. A 26 Week, Multicenter, Randomized, Placebo-Controlled, Double-Blind, Parallel Group, Phase 3 Trial With a 26 Week Safety Extension Period

Evaluating the Safety and Efficacy of Dapagliflozin 5 and 10 mg, and Saxagliptin 2.5 and 5 mg in Pediatric Patients With Type 2 Diabetes Mellitus
Who Are Between 10 and Below 18 Years of Age

. NCT03199053 (D1680C00019, EudraCT: 2015-005042-66) // 10.2017-01.2024 // 11.2023
. AstraZeneca // 23 countries // Research Site: Communal Non-Profit Enterprise «Dnipro City Clinical Hospital No. 9 of Dnipro City Council», Ukrainian

Scientific and Practical Center of Endocrine Surgery, Transplantation of Endocrine Organs and Tissues of the Ministry of Health of Ukraine, Communal
Non-Commercial Enterprise «Vinnytsia Regional Clinical Highly Specialized Endocrinology Center Vinnitsa Regional Council»

. Interventional, randomized, parallel assignment, double (participant, investigator), treatment, phase 3 // Diabetes mellitus, type 2 // Drug:

dapagliflozin or saxagliptin administered once daily (256 par
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Continuation of Table 3

NN

Characteristics

. ATrial Comparing the Effect and Safety of Once Weekly Dosing of Somapacitan With Daily Norditropin® in Children With Growth Hormone

Deficiency

. NCT03811535 (NN8640-4263, WHO: U1111-1207-9691, EudraCT: 2018-000231-27, JAPIC: JapicCTI-194773) // 05.2019-09.2025 // 12.2023
. Novo Nordisk A/S // 23 countries // Communal Non-Profit Enterprise «Kharkiv Regional Children Clinical Hospital» of Kharkiv Regional Council,

State Institution «V.P. Komisarenko Institute of Endocrinology and Metabolism of the National Academy of Medical Sciences of Ukraine»,
Vinnytsia National Pyrohov Memorial Medical University, Communal Non-Commercial Enterprise «Vinnitsa Regional Clinical Highly Specialized
Endocrinology Center Vinnitsa Regional Council»

. Interventional, randomized, parallel assignment, none (open label), treatment, phase 3 // Growth hormone deficiency in children //

Drug: receive either somapacitan once weekly or Norditropin® once daily for 52 weeks and next receive somapacitan weekly for 3 years
(200 participants)

. Effect of Semaglutide Versus Placebo on the Progression of Renal Impairment in Subjects With Type 2 Diabetes and Chronic Kidney Disease
. NCT03819153 (NN9535-4321, WHO: UT111-1217-6259, EudraCT: 2018-002878-50, JAPIC: JapicCTI-194843) // 06.2019-08.2024 // 01.2024
. Novo Nordisk A/S // 28 countries // State Institution «Ukrainian State Scientific Research Institute of Medical and Social Problems of Disabilities

of the Ministry of Health of Ukraine», Municipal Non-Profit Enterprise «Regional Clinical Hospital of lvano-Frankivsk Regional Council», State
Institution «L.T. Malaya Therapy National Institute of the National Academy of Medical Sciences of Ukraine», Communal Non-Profit Institution
«City Clinical Hospital No. 27» of Kharkiv City Council, State Institution «V.P. Komisarenko Institute of Endocrinology and Metabolism of the
National Academy of Medical Sciences of Ukraine», Communal Institution «1st City Clinical Hospital of Poltava City Council», Communal Non-
Profit Institution «City Hospital No. 10» of Zaporizhzhya City Council

. Interventional, randomized, parallel assignment, quadruple (participant, care provider, investigator, outcomes assessor), treatment, phase 3 //

Type 2 diabetes // Drug: use a pen to inject semaglutide 1 time a week under their skin (3508 participants)

. A Dose-finding Trial Evaluating the Effect and Safety of Once-weekly Treatment of Somapacitan Compared to Daily Norditropin® in Children

With Short Stature Born Small for Gestational Age With no Catch-up Growth by 2 Years of Age or Older

. NCT03878446 (NN8640-4245, WHO: U1111-1207-9741, EudraCT: 2018-000232-10) // 07.2019-05.2025 // 01.2024
. Novo Nordisk A/S // 19 countries // Communal Non-Profit Enterprise «Kharkiv Regional Children Clinical Hospital» of Kharkiv Regional Council,

State Institution «V.P. Komisarenko Institute of Endocrinology and Metabolism of the National Academy of Medical Sciences of Ukraine»

. Interventional, randomized, parallel assignment, none (open label), treatment, phase 2 // Short stature children born small for gestational age (SGA)

// Drug: Somapacitan injected under the skin once a week or Norditropin® injected under the skin once a day for a total of 52 weeks (62 participants)

. Semaglutide Cardiovascular Outcomes Trial in Patients With Type 2 Diabetes
. NCT03914326 (EX9924-4473, EudraCT: 2018-003141-42, WHO: U1111-1218-5368) // 06.2019-07.2024 // 12.2023
. Novo Nordisk A/S // 34 countries // Communal Non-Profit Enterprise «Cherkasy Regional Hospital of Cherkasy Regional Council», Communal

Non-Commercial Enterprise «Chernivtsi Regional Endocrinology Center», Communal Enterprise «l.I. Mechnykov Dnipropetrovsk Regional
Clinical Hospital», Kyiv Railway Clinical Hospital No. 2 of Branch «Health Center» of the Joint Stock Company «Ukrainian Railway», State Research
Institution «Center of Innovative Medical Technologies of the National Academy of Sciences of Ukraine», Communal Non-Commercial Enterprise
of Lviv Regional Council «Lviv Regional State Clinical Medical and Diagnostic Endocrinological Center», Municipal Non-Profit Enterprise «Odesa
Regional Clinical Hospital» of Odesa Regional Council, Communal Institution «1st City Clinical Hospital of Poltava City Council», Communal
Non-Profit Enterprise «Andrii Novak Transcarpathian Regional Clinical Hospital» of Transcarpathian Regional Council, Communal Non-Profit
Enterprise «O.F. Gerbachevsky Regional Clinical Hospital» of the Zhytomyr Regional Council

. Interventional, randomized, parallel assignment, quadruple (participant, care provider, investigator, outcomes assessor), treatment, phase 3 //

Type 2 diabetes // Drug: one tablet daily for 3.5 to 5 years (9642 participants)

. The Effect of Tirzepatide Versus Dulaglutide on Major Adverse Cardiovascular Events in Patients With Type 2 Diabetes (SURPASS-CVOT)
. NCT04255433 (17073; Eli Lilly and Company: I8F-MC-GPGN; EudraCT: 2019-002735-28) // 05.2020-10.2024 // 10.2023
. Eli'Lilly and Company // 30 countries // Communal Non-Commercial Enterprise «Chernivtsi Regional Endocrinology Center»; Communal Non-

Profit Enterprise «Dnipro City Clinical Hospital No. 9 of Dnipro City Council»; State Institution «L.T. Malaya Therapy National Institute of the
National Academy of Medical Sciences of Ukraine»; Municipal Non-Profit Enterprise «City Clinical Hospital No. 8» of Kharkiv City Council; Center
for Medical Services and Rehabilitation «Artem; State Institution «V.P. Komisarenko Institute of Endocrinology and Metabolism of the National
Academy of Medical Sciences of Ukraine»; Communal Non-Commercial Enterprise of Lviv Regional Council «Lviv Regional State Clinical Medical
and Diagnostic Endocrinological Center»; Municipal Non-Profit Enterprise «Lviv City Clinical Hospital No. 4»; Municipal Non-Profit Enterprise
«Odesa Regional Clinical Hospital» of Odesa Regional Council; Communal Institution «M.V. Sklifosovskyi Poltova Oblast Clinical Hospital of
Poltava Regional Council»; Communal Non-Profit Enterprise «Vinnitsa Regional Clinical Highly Specialized Endocrinology Center Vinnitsa
Regional Council; State Institution «Ukrainian State Scientific Research Institute of Medical and Social Problems of Disabilities of the Ministry of
Health of Ukraine»; Medical Center «Ok!Clinic+»

. Interventional, randomized, parallel assignment, double (participant, investigator), treatment, phase 3 // Type 2 diabetes mellitus // Drug:

Weekly subcutaneous injections of tirzepatide or dulaglutide (13 299 participants)
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End the table 3
NN Characteristics
10 1. A Multicenter, 24-Month, Randomized, Open-Label, Active Control, Parallel Arm, Phase 2 Study of Daily Oral LUM-201 in Naive-to-Treatment,
Prepubertal Children With Idiopathic Growth Hormone Deficiency (GHD)
2. NCT04614337 (LUM-201-01) // 12.2020-04.2025 // 11.2023
3. Lumos Pharma // 6 countries // State Institution «V.P. Komisarenko Institute of Endocrinology and Metabolism of the National Academy of
Medical Sciences of Ukraine»
4. Interventional, randomized, parallel assignment, none (open label), treatment, phase 2 // Growth hormone deficiency // Drug: receive one of
three oral daily doses of LUM-201 or daily injections of recombinant human growth hormone Norditropin® pen up to 24 months (80 participants)
11 1. Longterm Follow-up of Subjects With Diabetes 2 Type Treatment With ex Vivo Gene Therapy Using Autologous Mesenchymal Stem Cell
2. NCT04642911 (UAB00171120-1) // 10.2020-10.2030 // 10.2021
3. Ukraine Association of Biobank // 1 country // Institute of Bio-Stem Cell Rehabilitation
4. Observational, case-only, prospective // Diabete type 2 // Other: ex vivo gene therapy using autologous mesenchymal stem cell (91 participants)
12 1. LongTerm Follow up Patients With Premature Ovarian Failure ex Vivo Gene Therapy Using Autologous Mesenchymal Stem Cell and Mesenchymal
Stem Cell Lyophilisate
2. NCT04675970 (UAB1220-2) // 09.2020-09.2022 // 05.2022
3. Ukraine Association of Biobank // 1 country // Institute of Bio-Stem Cell Rehabilitation
4. Observational, case-only, prospective // Primary ovarian insufficiency, premature ovarian failure // Other: ex vivo gene therapy using autologous
mesenchymal stem cell and mesenchymal stem cell lyophilisate (86 participants)
13 1. A Multicenter, Open-Label, Extension Trial to Investigate Long Term Efficacy and Safety of Lonapegsomatropin in Adults With Growth Hormone

Deficiency

2. NCT05171855 (TCH-306EXT) // 12.2021-01.2025 // 01.2024

3. Ascendis Pharma Endocrinology Division A/S // 21 countries // Municipal Non-Profit Enterprise «Regional Clinical Hospital of Ivano-Frankivsk
Regional Council», State Institution «V.P. Komisarenko Institute of Endocrinology and Metabolism of the National Academy of Medical Sciences
of Ukraine», Communal Non-Profit Enterprise «Vinnitsa Regional Clinical Highly Specialized Endocrinology Center Vinnitsa Regional Council»

4. Interventional, N/A, single group assignment, none (open label), treatment, phase 3 // Adult growth hormone deficiency, endocrine system
diseases, hormone deficiency // Drug: subcutaneous injection of Lonapegsomatropin once-weekly for 52 weeks (232 participants)

Note: 1 = Study official title; 2 — ClinicalTrials.gov Identifier (other study ID numbers) // actual study start date & estimated study completion date // last
verified; 3 — Responsible Party // the number of countries where the research is carried out //research implementers in Ukraine (study status),; 4 — Study
type, allocation, intervention model, masking, primary purpose, phase // condition or disease // intervention/treatment (estimated enrollment).

All data are given as of January 25, 2024.

Table 4. Characteristics of the clinical trials «Endocrine system diseases» with status «Recruiting» in Ukraine according to the database
ClinicalTrails.gov

NN Characteristics

1 1. Phase 3, Randomized, Open-label, Controlled, Multiple Dose, Efficacy, Safety, Pharmacokinetic, and Pharmacodynamic Study of Etelcalcetide
in Pediatric Subjects 28 Days to < 18 Years of Age With Secondary Hyperparathyroidism and Chronic Kidney Disease Receiving Maintenance
Hemodialysis

2. NCT03633708 (20140315, EudraCT: 2017-002411-34) // 04.2019-01.2026 // 12.2023

. Amgen // 10 countries // National Children’s Spezialized Hospital «Ohmatdyt» of the Ministry of Health of Ukraine

. Interventional, randomized, parallel assignment, none (open label), treatment, phase 3 // Secondary hyperparathyroidism, chronic kidney

disease // Receive etelcalcetide in addition to standard of care (56 participants)

Now

2 1. Efficacy and Safety of Oral Semaglutide Versus Placebo Both in Combination With Metformin and/or Basal Insulin in Children and
Adolescents With Type 2 Diabetes
2. NCT04596631 (NN9924-4437, WHO: U1111-1218-1527, EudraCT: 2018-002952-34) // 11.2020-08.2025 // 01.2024
3. Novo Nordisk A/S // 22 countries // Communal Non-Profit Enterprise «Dnipro City Clinical Hospital No. 9 of Dnipro City Council»,
Communal Non-Profit Enterprise «Kharkiv Regional Children Clinical Hospital» of Kharkiv Regional Council
4. Interventional, randomized, parallel assignment, quadruple (participant, care provider, investigator, outcomes assessor), treatment,

phase 3 // Diabetes mellitus, type 2 // Drug: oral semaglutide treatment for 52 weeks (132 participants)
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End the table 4

NN Characteristics

3 1. Effect of Probiotic Lysate (Postbiotic and Metabiotic) Supplementation on Metabolic Parameters in Type 2 Diabetes Patients
2. NCT05770076 (DELI_Diab) // 02.2023-12.2023 // 03.2023
3. Nazarii Kobyliak, Bogomolets National Medical University // 1 country // Bogomolets National Medical University / Communal Non-
Profit Enterprise «Kyiv City Clinical Endocrinology Center» / State Scientific Institution «Center of Innovative Medical Technologies of the
National Academy of Sciences of Ukraine» / Danylo Halytsky Lviv National Medical University
4. Interventional, randomized, parallel assignment, triple (participant, investigator, outcomes assessor), treatment, phase not applicable
// Obesity; obesity, abdominal; insulin resistance; insulin sensitivity; type 2 diabetes; type 2 Diabetes mellitus in obese // Dietary

Supplement: Probiotic lysate (postbiotic and metabiotic) daily for 3 month treatment (60 participants)

4 1. USING ARTIFICIAL INTELLIGENCE FOR MASS SCREENING OF THE DIABETIC RETINOPATHY

2. NCT06112691 (24.01.2022) // 02.2022-11.2024 // 06.2023

3. Andrii Korol, MD, PhD, MD, PhD, DMedSc, The Filatov Institute of Eye Diseases and Tissue Therapy // 1 country // State Institution «The
Filatov Institute of Eye Diseases and Tissue Therapy of the National Academy of Medical Sciences of Ukraine» / State Institution «V.P.
Komisarenko Institute of Endocrinology and Metabolism of the National Academy of Medical Sciences of Ukraine»

4. Observation, Cohort, Prospective // Diabetic retinopathy // Device: using artificial intelligence to identify diabetic retinopathy in the

early stages using fundus photography (660 participants)

Note: 1 — Study official title; 2 — ClinicalTrials.gov Identifier (other study ID numbers) // actual study start date & estimated study completion date // last
verified; 3 — Responsible Party // the number of countries where the research is carried out //research implementers in Ukraine (study status), 4 — Study
type, allocation, intervention model, masking, primary purpose, phase // condition or disease // intervention/treatment (estimated enrollment).

All data are given as of January 25, 2024.

Discussion

As already mentioned above, Ukraine has been
one of the largest markets for international CTs for
many years, with almost 2500 public medical in-
stitutions and a competent healthcare system [4].
Several other factors contributed to Ukraine’s suc-
cess as a CT center:

e A large pool of potential study subjects (large
treatment-naive population);
e An experienced group of GCP-trained clinicians;

High quality of obtained data;

lower costs compared to other European countries.

Almost all Big-Pharma companies conduct tri-
als in certain Ukrainian trial centers and patients
receive treatment within these CTs [4].

COVID-19 pandemic has a potentially negative
impact on the management of clinical trials, which
may compromise the scientific integrity of data
and may raise concerns for patient safety [1, 9-11].
To date, many institutions and organisations have
already put their CTs on hold. There are several
critical challenges in the current pandemic which
include: (a) limited accessibility of clinics mainly
for essential or critical visits, (b) there is difficulty
in recruiting homebound patients, or others are
also reluctant to visit clinics, (¢) currently trial op-

erations may expose the staff or patients to the risk
of acquiring the infection, (d) continuation of the
trial may lead to a high drop-out rate, (e) inability
to meet logistical trial obligations by sponsors as
well as contractors (i.e., delivery of investigational
products, PPE or site monitoring), and (f) devia-
tion from the study timelines may affect data integ-
rity due to delayed assessment and monitoring.

As circumstances change and the COVID-19
restrictions have largely been lifted, researchers
and research institutions have actively responded
to the challenges posed by the pandemic embraced
some guidelines and adapted methods to ensure the
continuity of CTs. Notably, the US Food and Drug
Administration issued the Conduct of Clinical
Trials of Medical Products during COVID-19
Public Health Emergency guidance, which pro-
vided valuable insights into this matter [12].
Over time, there was hope that CT activities may
soon recover to at least pre-COVID-19 levels [9].
However, the beginning of the Russian-Ukrainian
war on February 24, 2022, crossed out these hopes
for domestic researchers.

Already on June 1, 2022, the State Enterprise
«State Expert Center of the Ministry of Health of
Ukraine» recommended to the sponsors of the CTs/
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representatives of sponsors, researchers, heads of

enterprises, institutions and organizations involved

in conducting the CTs [13]:

e assess the expediency of starting new CTs or in-
cluding them in current CTs;

e in case of prevention of the continuation of the
CTs at the approved test site, carry out the pro-
cedure for removing subjects from the CTs or, if
possible, transferring such subjects to other test
sites approved in Ukraine or another country, in
accordance with the legislation of that country,
if one is involved in this CT;

e in case of restrictions on the movement of pa-
tients, consider the possibility of: a) replacing
physical visits by patients to the test site with
telephone contacts or through video visits (use
of telemedicine methods), postponing or can-
celing visits if necessary; b) if it is impossible to
obtain updated written informed consent (here-
inafter referred to as IC) of the CT participant
due to restrictions on movement, the study par-
ticipant can give verbal consent (using tele/
video communication); ¢) ake all possible mea-
sures to ensure the uninterrupted provision of
medical treatment for patients at the trial sites;
d) consider the possibility of using laboratories
of healthcare institutions to examine research
subjects if contracts have been concluded with
the sponsor and the laboratories have the appro-
priate technical capabilities;

e report all cases of violation mopymenns of the
terms of the CT protocol relating to patient
safety and other aspects of CTs in accordance
with the provisions of the Procedure for con-
ducting CTs of medicinal products and examina-
tion of CT materials, approved by Order of the
Ministry of Health of Ukraine dated September
23,2009 No. 690 and, if necessary, submit an ap-
plication for significant amendment.

In order to ensure the safety of research partici-
pants and the integrity of data obtained in CTs in
Ukraine, in times of martial law, the sponsor can
use the experience gained during the COVID-19
pandemic and introduce an approach and flexibility
in accordance with the situation, in particular the
possibility of using remote verification of primary
data from using special technologies, when data
from individual registration forms of study subjects
are remotely verified with the corresponding pri-
mary medical documents [13].
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Regarding other aspects of conducting clinical
researches under martial law conditions, the State
Enterprise «State Expert Center of the Ministry of
Health» advises sponsors to use the additional rec-
ommendations of the European Medicines Agency
regarding methodological aspects of data collection
of CTs affected by the war in Ukraine [13, 14].

Most importantly, safety of study participants
is the absolute priority and must be at the heart
of every decision taken, regardless of any poten-
tial consequences for an ongoing trial (even if this
may require disclosure of information at the indi-
vidual patient level) and supported to continue
the trial as long as there is no safety risk involved.
Second, when possible and in the best interest of
their continued treatment, patients should be en-
couraged to continue treatment (even if this may
require disclosure of information at the individ-
ual patient level) and supported to continue the
trial as long as there is no safety risk involved.
Consequently, sponsors should give priority to
the interests of patients already participating in
the trial when considering the future conduct
and continued appropriateness of the trial from
an ethical, medical and methodological point of
view [14]. Significant changes in trial design and
conduct must be properly documented, comply
with local regulations, and be approved by Ethics
Committees and the appropriate competent au-
thority as significant amendments under the
Clinical Trials Directive.

Some authors suggest that [15]:
 stopping the recruitment of new patients in CTs

under such extreme conditions is acceptable;

» research participants already receiving trial
medication in such disruptive situations should
be considered highly vulnerable due to their
medical dependency on current treatment ac-
cording to the approved CT protocol;

* based on the current experience in Ukraine and
other countries, we conclude that completion
of ongoing trial treatments in accordance with
approved or modified protocols should be con-
sidered an ethical obligation of CT sponsors, re-
gardless of whether trial failure is caused by war,
economic sanctions, or natural disasters;

e it is important to pay more attention to the
ethical challenges raised by such fundamentally
disruptive situations for CTs generally in any re-
gion of the world.
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CTs can be adapted for refugees [16].
Recommendations for facilitating Ukrainian refu-
gees to continue CTs are proposed. This commen-
tary outlines policy recommendations regarding
participants’ re-enrollment, the handover of partic-
ipants and data to new principal investigators, and
the consent process as well as the sponsor’s obliga-
tions related to translation, data transfer, and sup-
port for Ukrainian investigators [17]. The safety of
study participants should be the main priority and
guide every decision, regardless of any potential
consequences for an ongoing trial.

This case study investigates the strategy and
best practices for ensuring business stability
through contingency, resilience, and recovery ac-
tions analysis, and the SWOT analysis of the study
findings [18]. In particular, the organisational con-
tinuity framework features financial policy, human
resources management, organisational behaviour
practices, internal communication, and diversifica-
tion. The main areas that ensured the sustainability
in the face of recurring crises were diversification,
the use of tools for financial stability, clear manage-
ment of human capital and operation design.

It should be noted that the system is stable in
most specialized institutions in Ukraine, as well as
quickly restore the level of provision of high-quali-
ty special assistance in the center and areas close to
the combat zone [19].

At the same time, an assessment of the impact of
the war in Ukraine on 10 key risk indicators com-
monly used as an important component of central
monitoring in drug development, covering sev-
eral study risk categories (compliance, timeliness
of data reporting, registration and storage, and
safety), showed that the overall the significant re-
sults rate for Ukraine increased from 1.2% in 2021
to 3.9% in 2022 and 5.7% in 2023, while the rate
across all countries remained stable at around 2.8%
over the same period of time [20].

The top five key risk indicators with the highest
rate of significant p-values in Ukraine since 2022
(Ukraine vs. all countries): visit to electronic case
report form entry cycle time (9.6% vs. 3.4%), query
response cycle time (8.1% vs. 3.9%), missed assess-
ment rate (7.6% vs. 2.8%), off-schedule visit rate
(5.5% vs. 3.1%) and protocol deviation rate (4.2%
vs. 2.5%) [20]. According to the authors, this is
clear evidence of the significant disruption of CTs
in Ukraine during the current crisis.

Results of this study suggest that war-related
changes in trial conduct in Ukraine may not be
completely visible in the largest public trial regis-
try, which is expected to present accurate and time-
ly information on CTs [6]. These conclusions raise
questions about the updating practices for registra-
tion information, which should be mandatory, espe-
cially in times of crises, to ensure the safety and the
rights of trial participants in a war zone.

Our study shows that there has been a signifi-
cant number of publications on the Russia-Ukraine
war and only a small portion of first authors, co-au-
thors, and last authors of these publications are af-
filiated to an institution in Ukraine [5]. Therefore,
despite the relatively high number of publications,
most publications do not arise from the perspective
of Ukrainian authors.

5 CTs have published results, although it has
previously been shown that 25-50% of CTs have
not published their results, and the average time to
publication is approximately 2 years [21].

Conclusions

1. As of January 25, 2024, the website www.
ClinicalTrials.gov posted information about 17
CTs of ESD in Ukraine («Active, not recruit-
ing» — 13 and «Recruiting» — 4).

2. In recent years, there has been a negative trend
in conducting CTs in Ukraine.

3. The stability of the system in most specialized
institutions in Ukraine and the rapid restoration
of the level of providing high-quality special as-
sistance indicate good prospects for restoring
the status quo.
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Abbreviation:

ESD - endocrine system diseases
CT - clinical trials

KniHiyni BunpobyBaHHA Npu 3aXBOPHOBAHHAX
eHAOKPUHHOT cncTemn B YKpaiHi 3rigHo 6asn aaHux
caiity ClinicalTrials.gov

I.M. Macrtep
[lepxaBHa ycTaHoBa «IHCTUTYT eHAOKpMHOAMOrT Ta 0BMiHY peyoBUH
im. B.IN. Komicapenka HAMH YkpaiHu»

Pe3siome. 3axBoptoBaHHsA eHAokpuHHOI cnctemmn (3EC) nocipatotb ofHe
3 MPOBIAHMX MICUb Y CTPYKTYPI 3arafibHOI 3aXBOPIOBAHOCTI HaceseH-
HA. lofii 0CTaHHbOrO Yacy CYTTEBO BMAMHYNM HA CUCTEMY OXOPOHMU
300pOB'A B YKpaiHi, Bkmodatoun nikysaHHA 3EC i npoBefeHHA KniHiu-
Hux BrNpobysaHb (KB). MeTa. AHani3 iHdopmauii npo KB 3EC B YkpaiHi.
Martepian i metoan. [leckpunTnBHMIA aHani3 nposefeHo no 6asi aa-
Hux canty ClinicalTrials.gov 3a KnioyoBumK cnoBamy «Endocrine System
Diseases» B rpynax «Active, not recruiting» i «Recruiting». Pe3ynbtatu.
MpencTasneHa iHdopmaia npo 17 KB 3EC B YkpaiHi cTaHoM Ha 25 Ciy-
HA 2024 p., 13 3 AKMX Many NOTOYHWIA CTATYC «aKTUBHWIA, 6e3 Habopy» i
4 — «Habip». CepeaHs TpyBanicTb KB CTaHOBWTL 5 POKIB i 6 MicALiB, a 2 3
HUX BUKOHYI0TbCA >10 POKIB. 3aranbHa KinbkicTb yyacHukie KB ctanosrna
28 710 ocib (miHimanbHa — 48, MakcumanbHa — 13 299, cepenHs — 1689).
14 KB bynun iHTepBeHUiiiHimu, 3 KB — obcepBauiiiHimi npocneKTUBHI-
MU (2 — «BUNAOOK-KOHTPONb» i 1 — KoropTHe). Po3noain ana 12 KB 6ys
paHAOMi30BaHUM. 3a TUNOM iHTepBeHUiliHol Mogeni 12 KB 6ynu npu-
3HaUeHHAMM B NapanenbHUX rpynax i 2 — NPU3HaYeHHAMM B OLMHAPHUX
rpynax. Y 7 KB mackyBaHHA He 3actocoByBanocs, 2 KB bynn nogsii-
HUMK cninumi, 1 KB — noTpiliHum cninum i 4 KB — yetBepTHUM crinvm.
OcHogHoto meToto 14 KB byno nikysaHHs. [ina 4 KB 6yna BkasaHa Il dpa3a
nocnimkerHs, ana 9 KB — Il ¢asa. KB nposoamnuca B 58 kpaiHax, a ce-
penHa KiNbKiCTb MEAMYHUX 3aKnafiB ctaHoBuna 116. B Ykpaii 6azamu
nposefeHHa KB Oynu 35 mMeauuHyx 3aknagis. bessanepeurrm nigepom
3a KinbkicTio KB (1013 17 abo 58,8%) € [lepkasHa ycTaHOBa «[HCTUTYT eH-
JOKpyHonorii Ta 06MiHy peuosuH im. B.M. KomicapeHka HAMH YkpaiHu».
4 KB npoBogATbCa BUKAIOYHO B YKpaiki. CnoHcopamm KB byni 8 komepLii-
HUX | 2 AepaBHi opraHi3alii. BucHoBku. CtaHom Ha 25 ciuna 2024 p. Ha
caiti www.ClinicalTrials.gov 6yna po3wityeHa iHpopmauia npo 17 KB 3EC
B YkpaiHi («akTnBHi, 6e3 Habopy» — 13 i «Habip» — 4). [TpOTArOoM 0CTaHHix
POKIB CroCTepiraeTbCcs HeraTviBHa TeHaeHLiA B npoBeaeHHi KB B YkpaiHi.
CTirKicTb crcTeMn B GiNbLIOCTI Cneliani3oBaHyx 3aknanis YkpaiHu Ta
LUBWJKE BIHOBNEHHA PIBHA HalaHHA AKICHOI CNeLjianbHOI AONOMOrK CBif-
yaTb MPO XOPOLi MePCNeKTUBI Ha BIAHOBIEHHA Status quo.

KniouoBi cnoBa: 3axBOpIoBaHHA EHAOKPVHHOT CCTEMU, KNIHIYHI BUNPO-
6yBaHHs, YKpaiHa.

Dna ymtyBanHa: [acTep I, KniHiuHi BMNpobyBaHHA NP 3aXBOPIOBAHHAX
eHIOKPUHHOT c1cTeMm B YKpaiHi 3rigHo 6a3v gaHux caity ClinicalTrials.gov.
EnpokpuHonoria. 2024;29(2):183-195. DOl 10.31793/1680-1466.2024.
29-2.183.
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