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NMaTtoreHeTnuHi ocobausocTi ekcnpecii iNOS
y 6a3anbHOMY MarHoLEAIOAAPHOMY AAPI LLypiB
Ha TAl eKcnepuMeHTaAbHOI HeupoAereHepawyi

M. B. AaHykano®*ABCD 1), M. KoneCHUKDAEF

3anopi3bknii AepxaBHWUI MeAUKO-GapMaLeBTUYHUI YHIBepCHTET, YKpaiHa

OpwuriHaAbHiI AOCAIAXKEHHS

A - KoHLenLis Ta AM3alH AOCAIAKEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis paHux; D - HanucaHHs cTatTi; E - peaaryBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

Merta pobotu - cxapaktepusyBatu ocobnmsocTi ekcnpecii INOS y HelipoHax GasanbHOro MarHOLENoNsSPHOro siapa Ha Thi
HITPO3aTMBHOTO CTPECY NPU eKCrepUMEHTanbHIN KONXiLMH-IHAYKOBaHil HermpoaereHepalwiii.

Marepianu i metoam. locnimxeHHs 3aiicHnnmn Ha 30 wypax-camusax niHii Wistar. Ha nepluomy etani ekcnepymeHTy YacTuHi
TBapuH (n = 10) 3moaentoBany KOrHiTMBHI NOPYLLEHHS 32 AOMNOMOTOH) iHTpaLEepebpOBEHTPUKYNSIPHOTO BBEAEHHS KOMXILWHY.
[MopiBHSHO 3 rPYMOK0 NCEBAOONEPOBAHMX Ta IHTAKTHUX TBAPWH AOBENY BanifHICTb MOAENi 3 BUKOPUCTaHHSAM BOCbMUMIIEHOBOTO
pagianbHoro nabipuHty LE760 (PanLab Harvard Apparatus, Spain). Hagani TBapuH eBTaHasyBanu TiONEHTanoM Harpiio i
BUMNyYasn rofloBHUIN MO30K Ans FICTOXIMIYHMX, iIMyHOITyOpecLeHTHUX | BiOXiMIYHMX JOCTiMKEHb.

Pesyabratn. BcTaHoBneHo, WO iHTpaLepebpoBEHTPUKYNSPHE BBEAEHHS KOMXILMHY MOPIBHAHO 3 iHTAKTHUMMW Ta NCEBAO-
ornepoBaHUM TBApUHaMU NPU3BOAUTL A0 MOPYLUEHHS FCTOAPXITEKTOHIKM B B6a3anbHOMY MarHOLIEMoNApHOMY SApI LLYpIB i3
[OCTOBIPHIM 3MEHLLEHHAM MIIOLL pevoBuHM Hiccns B HelipoHax Ha 47,3 % i 35,9 % signosigHo. Mpu LiboMy piBeHb HITPUTIB Y
romMoreHaTax rorloBHOro MO3Ky TBapyH 3 EKCMIEPUMEHTANBHOK HeMpOAEereHepaLlieto NepeBHLLYBaB NOKa3HWUK Py MOPIBHAHHS
maixe B 10 (iHTakT) i 7 (NnceBpoonepoBaHi LWypw) pasie. Y peynbrati iMyHonyopecLEeHTHOrO AOCNIZKEHHS 0COBNMBOCTEN
ekcnpecii INOS B 6a3anbHOMY MarHoLentonspHoMy SApi LLYpIB 3 iHTpaLepebpOBEHTPHKYNSPHUM BBEAEHHSM KOXILWHY No-
PIBHSIHO 3 iHTAKTHUMM Ta NCEBAOONEPOBAHNMM TBAPUHAMM BCTAHOBWIM AOCTOBIPHO GiMnbLUMI NOKa3HWK CyMapHOT KOPUroBaHOI
KniTuHHOT cpnyopecueHuii Ha 22,7 % i 45,3 % BiANOBiaHO. BusiBUMM TakoX, WO ekcrepuMeHTanbHa KOnxXiLmH-iHaykoBaHa
HelipofereHepaLlist CynpoBOMKYETLCS AOCTOBIPHO GinbLUOK KinbkicTo INOS* kniTH y 6azanbHOMy MarHoLEenonsapHoMy sapi
MOPIBHSIHO 3 rpynamMu KOHTPOSHO.

BucHOBKM. IHTpaLLepebpOBEHTPUKYNSIPHE BBELEHHS KOMXILIMHY EKCMEPUMEHTANBHUM LLypaM ClIPUYMHSIE MOPOOTiYHI 03HAKM
HelipogecTpykuii B 6azanbHOMy MarHoLentonspHoMy siapi Ha Tni HiTposaTmeHoro ctpecy. Exkcnpecis iNOS y wypis nicns
iHTpaLepeBbpOBEHTPUKYNSPHOMO BBEAEHHS KONXILMHY B KiiTMHaX 6a3anbHOro0 MarHOLENIONApHOro Sapa XxapakTepruayeTbes
GinbWKYM BMICTOM (HEPMEHTY MOPIBHAHO 3 IHTAKTHUMU Ta MCEBAOOMNEPOBaHUMU TBapuHamu. MnoLa iMyHONO3UTUBHMX
KNiTUH He Mana CTaTUCTUYHO 3HaYYLLMX 3MiH Y Pi3HUX rpynax AochidxeHHsl. IHTpauepebpoBEHTPUKYNSPHE BBEAEHHS
KOMNXiLMHY eKCepUMEHTaNbHIM LLypam CPpUYMHINO 30iMbLUEHHS KiNbKOCTi iMyHOMO3UTUBHUMX KniTuH 0 INOS y 6a3ansHomy
MarHoLentonapHoMy sapi.

Pathogenetic features of INOS expression in the basal magnocellular nucleus of rats
against the background of experimental neurodegeneration

M. V. Danukalo, Yu. M. Kolesnyk

Aim. To characterize the features of INOS expression in neurons of the basal magnocellular nucleus against the background
of nitrosative stress during experimental colchicine-induced neurodegeneration.

Materials and methods. The study was conducted on 30 male Wistar rats. At the first stage of the experiment, cognitive im-
pairments were modeled in rats (n = 10) by intracerebroventricular injection of colchicine, and compared with sham-operated
and intact animal groups, the validity of the model was demonstrated using an 8-arm radial maze LE760 (PanLab Harvard
Apparatus, Spain). Subsequently, the animals were euthanized with sodium thiopental, and the brain was removed for histo-
logical, immunofluorescence, and biochemical analyses.

Results. It was found that intracerebroventricular injection of colchicine compared to intact and sham-operated animals leads
to disruption of histoarchitecture in the basal magnocellular nucleus of rats with a significant decrease in the Niss| substance
area in neurons by 47.3 % and 35.9 %, respectively. At the same time, the level of nitrites in the brain homogenates of animals
with experimental neurodegeneration exceeded the comparison groups almost 10 times (intact) and 7 times (sham-operated
rats). Meanwhile, immunofluorescence investigation of INOS expression in the basal magnocellular nucleus of rats with
intracerebroventricular colchicine administration, compared to intact and sham-operated animals, revealed a significantly
higher value of corrected total cell fluorescence by 22.7 % and 45.3 %, respectively. Simultaneously, it was established that
experimental colchicine-induced neurodegeneration is accompanied by a significantly greater number of INOS* cells in the
basal magnocellular nucleus compared to control groups.

Conclusions. Intracerebroventricular injection of colchicine to experimental rats is accompanied by morphological signs of
neurodestruction in the basal magnocellular nucleus against the background of nitrosative stress. INOS expression in rats after
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intracerebroventricular colchicine administration in the cells of the basal magnocellular nucleus is characterized by a higher
enzyme content compared to intact and sham-operated animals. The area of immunopositive cells between experimental
groups does not change statistically. Intracerebroventricular administration of colchicine to experimental rats is accompanied
by an increase in the number of immunopositive cells for INOS in the basal magnocellular nucleus.

BuBueHHs1 naToximMiyHUX MEXaHI3MiB HelpoaereHepaLii €
BaXIMBUM €MEMEHTOM MOrNMONeHHs (hyHAaMEHTaNbHUX
ysIBNeHb NPO NaTonorivHi NPoLEeCH, Lo NexaTb B OCHOBI
3arvbeni HEMPOHIB NPU HW3L HEMPOAECTPYKTUBHMX 3a-
XBOPIOBaHb: XBOpobi AnbLreiiMepa, xBopobi MapkiHcoHa,
(HPOHTO-TEMMOPASIbHIA AeMeHLT Towo. HuHi ogHuM i3
HanKpaLLmx iHCTPYMEHTIB ANs LbOro € MOAEnbHi ekcre-
PUMEHTMN Ha TBapuHax.

Cepen BENUKOT KinbKOCTI Nigxopis 40 BiATBOPEHHS
HempopecTpykLii B nabopatopHux ymosax [1] ocobnmee
MiCLie HanexmTb iHTpaLepebpoBEeHTPUKYNSPHOMY BBE-
AerHio (ILIB) konxiuuHy gocnigHum TBapuHam [2]. Tak,
noKasaHo, LLIO XONiHepPriYHi HEMPOHW BEHTPOMEianbHO-
ro nanigymy, Bigomoro sik 6azansHe MarHoLentonspHe
anpo (BMA), abo sapo MeliHepTa, 4yTnuBi 0 LbOrO
HevipoTokcuHy [3]. ocnimxeHHs MexaHi3MiB Heripoge-
CTPYKLUii came B Wi 4iNsiHLi FONIOBHOMO MO3KY € LiiKaBuM,
OCKINbK/ BOHA, NO-NepLUe, € BaXNUBUM AXKEPENOM
aueTMNXOoniHy B HeoKopTekci [4], a oTxe Gepe yyacTb
y perynsuii BULLMX KOTHITUBHWX PYHKLN [5,6]; no-apy-
re, HempogereHepauis B LibOMy SApPi NOYNHAETLCS Lie
Ha AOKNiHIYHIN cTadii xBopobu Anbureiimepa [7]. Lle
06rpyHTOBY€E NaTOreHeTUYHY porb 3armbeni HeipoHiB
BMSA y nporpecyBaHHi AeMeHLii.

BaxnmBum MexaHi3aMoM, Yepes SKWii KONXiUnH pea-
i3ye CBOK HEMPOTOKCUYHY Aijto, € Herpo3ananeHHs [8].
BogHouac Yepes BCOKY MeTaboniyHy akTUBHICTb HEMpPO-
HiB y poni MezjiaTopiB BTOPWHHOI ansTepaLlii npy Takomy
3anarnexHi Ha NepLwui NnaH BUXOASATb aKTUBHI hopMm
KUCHIO 11 @30Ty 3 HACTYMHUM PO3BUTKOM OKCUAATUBHOIO
Ta HiTpo3aTuBHOrO cTpecis [9].

lMpoBigHy ponb y rinepnpogykuii okeuay asoty (NO) 3
HacTynHUM yTBOpeHHsM nepkcuHiTputy (ONOO-) Bigirpae
iHoyumbenbHa isodopma cuHTasm okeugy asoty (iNOS,
a60 NOS2). Bona moxe npoaykysati NO y Mikpomonsip-
HUX KINbKOCTSIX, Ha BiAMiHY Bif KOHCTUTYTUBHUX i30pOpM
cuHTasn okengy asoty (NNOS Ta eNOS), Lo npoaykyoTb
110ro y HaHomonspHux kinbkoctsx [10]. Y pesynerarti
YTBOPEHUIA NEPOKCUHITPUT iHAYKYE NEPEKNCHE OKMCHEHHS
ninigie, 3anyckae nNpoLecu S-HITPO3unoBaHHS LUCTEIHY
Ta HITPYBaHHS TUPO3VHY, MOPYLLYIOYM IHTPaHENPOHanb-
HWit NPOTeoCTas Ta akTuBytoun Ca?-3anexHi MexaHiamm
HempoHanbHoi 3arnbeni [11]. Baxnusum GionoriyHnm
acnektom Aii NO € 1oro kopoTka TpvBarnicTb iCHyBaH-
HS, @ OTKe 34aTHICTb peanisyBaTyt CBOI eekTy nue
napakputHo [12]. Lien dakt obmexye MeToaonorivHi
nigxoam y pocnimxeHHi natoreHeTnyHoi poni iINOS y
HenpoJecTpyKLii OKpeMMX MO3KOBUX CTPYKTYp. Pasom
i3 TUM, NOEAHAHHSA Cy4aCHUX MIKPOCKOMIYHUX TEXHIK i3
3aCTOCYBaHHSIM Nporpam aHanidy 306paxeHb Aae 3Mory
OTpuMaTy 06’€KTUBHY KapTVHY LLIOAO XapaKkTepy ekcrpecii
hepMeHTy B KOHKpETHII cTpyKTypi. Lie cnpusie poswmpen-
HIO Cy4aCHWX HayKOBMX AaHUX MPO NaToreHeTUYHy ponb
iNOS i HiTpO3aTVMBHOrO CTpeCy B eKCrepyMeHTanbHin
HerpogecTpykuii BMA.
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MeTta pobotu

CxapakTtepuayBaTu ocobnusocTi ekcnpecii iNOS y
HelipoHax 6asanbHOro MarHOLENNAPHOro sapa Ha T
HITPO3aTUBHOIO CTPECY NpY eKCepUMEHTanNbHiIM Konxi-
LMH-iHYKOBaHIN HempoaereHepadlii.

Martepianu i meToAU AOCAIAKEHHA

[o excnepumenTy 3anyyunnm 30 Lwypie-camuis niHii Wistar
Bikom 10-11 micsuis, maca Tina — 250-350 r. Ycix Lwypis
YTPMMYBanu 3a CTaHAAPTHUX yMOB Y HaB4anbHO-HayKoBO-
My MeVKo-nabopaTtopHOMy LIEHTpI 3 BiBapiem 3anopiabko-
ro fiePXXaBHOrO MeaAyKo-(hapMaLeBTU4HOTO YHIBEPCUTETY.
[ocnimkeHHst cxBaneHo Komicieto 3 nutaHb BioeTuku
3anopi3bkoro AepxaBHOTO Meanko-thapMaLeBTUYHOTO
yHiBepcuTeTy. i yac poboTv 4OTpUMYBaNCA HaLlioHanb-
HUX «3aranbHUX ETUMHMX NPUHLMMIB MPOBEAEHHS excre-
pUMEHTIB Ha TBapuHax» (YkpaiHa 2001), Lo yarompkeHi 3
JOvpekTtueoto 2010/63 €C €Bponelicbkoro napnameHTy Ta
Papw Bin 22 BepecHs 2010 poky «[po 3axvcT npas TBapwH,
LLI0 BUKOPUCTOBYHOTLCS ANS HAYKOBUX LINeny.

[na pocsirHeHHs NOCTaBMEeHOI METW BUKOpUCTanu
yHKLUIOHAsbHI, FiCTOXiIMIYHI, iIMyHO(PyopecLeHTHI Ta
BioximMiyHi MeToaM AOCTiAXKEHb.

EkcnepumeHTanbHUX TBapuH noginunu Ha 2 rpynu. Y
nepLwin rpyni— 10 TBapwH, SiKi chopmyBanu rpyny iHTaKTy.
Y apyrin rpyni (n = 20) 3gincHuny BXigHe AOCMILKEHHS
NOKOMOTOPHOI aKTUBHOCTI Ta KOTHITUBHWX (PyHKLIN 3a
[LOMOMOroK TECTY «BiAKPWTE More» Ta anapaTHoro
KOMMIIEKCY, LLO BKIMOYAB BOCBMUMNIEYOBUIA pagianibHUi
nabipuHT LE760 (PanLab Harvard Apparatus, Spain) Ta
kamepy SONY (Japan) 3 nporpamoto aHani3y Bigeogan-
niB Smartv.3.0 (PanLab Harvard Apparatus, Spain) (s/n
DD347-0E6). Micns uporo TBApUH Apyroi rpynu NoAinunm
Ha nigrpynu: 2a (n = 10) — rpyna KOHTpOMto, KM Mg
TenasonoBUM HapKO30M iHTpaLepebpOoBEHTPUKYNSPHO
BBoamnu dpisionoriyHnin posdnH NaCl (37 °C); 26 (n = 10)
— LLypK, SKMM Nif TUM CaMUM HapKo3oM iHTpaLepebpo-
BEHTPUKYNSPHO BBOAMMM PO34uH KonxiumHy (37 °C).
Micna upboro yepes 14 AHIB 3AiNCHIOBANM NOBTOPHUI
3anuc, aHarni3 JTIokOMOTOPHOI aKTUBHOCTI Ta KOTHITUBHUX
hyHKLUIN TBAPWH i3 migrpyn 2ai 26. Y pe3ynbrati BUSBUNM
MOTipLUEHHS KOTHITMBHUX (DYHKLUIA Yy nigrpyni 26 oo
MOKa3HUKIB LLYPIB i3 rpynn KOHTPOMo. Y Takuii cnocié
[4oBefieHo BanigHicTe mogeni [13].

3 eKcrnepyuMeHTY TBapWUH BUBOAWIM LUTISIXOM OfHO-
MOMEHTHOI AekaniTauii nig TioneHTanoByM HapKo3om
(TioneHTan Hatpito 120 Mr/kr BHYTPILLHLOYEPEBUHHO).
lMoTiM y LWypiB BUNyYanu ronosHWA Mo3ok. [Micns cTak-
[apTHOi rictonoriyHoi 06pobku (dhikcauis, aerigparauis
Y BUCXIOHUX KOHLIEHTPALIiSX ETaHOMy, PO34MHaxX eTaHomy
100 % i3 xnopodpopmom y criBBigHoLWeHHsX 2:1, 1:1, 1:2,
ynctomy xnopochopmi Ta xnopochopmi 3 napannactom)
3pasku 3anusamm B napannact (MkCormick, CLUA). Ha
mikpoTomi «Microm-325» (MicromCorp., HimeyunHa)
i3 BUrOTOBNEHUX GMOKIB roTyBanu CepiHi 3pian Mo3ky
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Puc. 1. HaniBaBTOMaTN4HE BU3HAYEHHS MOLL

(3aBTOBLUKM 7 MKM). TornorpadiuHo AiNsHKK 3pisy, WO
Bignosiganu bBM#A, ineHTudikysanm 3a ctepeoTakCu4HUM
atnacom Mo3ky Liypa [14].

[na BM3HAYEeHHs NnoLLi xpoMadiHHOI cybcTaHLii B
HerpoHax BMA 3pjicHunu rictoxiMmiuHe 3abapBneHHs
peyvoBMHOK Hiccns cepiliHuX 3pisiB rofIOBHOMO MO3KY
[15]. Hapani npoaHanisysan y B1AMMOMy CMeKTpi Ha Mi-
kpockoni «PrimoStar» (Carl Zeiss, HimewunHa) 3 kamepoto
«AxioCam 105color» (Carl Zeiss, HimeuumHa). OTpumaHi
B pe3ynbraTi Mikpockonii 306paxeHHst aHani3yBanum B
nporpami ImageJ (National Institutes of Health, CLLA). Ha
MikpodhoTorpacisix npenaparis y HaniBasToMaTn4YHOMY
pPexuMi BU3Ha4anu oLy pevoBuHu Hicens B HepoHax
BM#A, sk nokasaHo Ha puc. 1.

Ocobrmsocri exkcrnpecii INOS y HelpoHax BMA BreYa-
v iMyHOpryopecLeHTHUM MeTogoM. [Ins Lboro ricTono-
rivHi 3pisun AenapadpiHyBany, perigpysany Ta fjeMackysanu
B PT-mopyni (Thermo Fisher Scientific, CLLIA) y untpatHo-
my BycepHomy poaqmHi (Thermo Fisher Scientific, CLLUA).
[Micnsa Luporo HaHOCKNK BiANOBIAHI MOHOKITOHANbBHI MULLIAY
aHTuTina, koH'toroaHi 3 FITC (SantaCruz Biotechnology,
USA), BignoBiaHo A0 iHCTpyKLii Bupo6Huka [16].

IMyHObRyopecLeHTHe JOCNIMKEHHS 34iINCHUNN B
yneTpadioneToBoMy cnekTpi 30ymKeHHs 3a JOMNOMOroH
cBiTnoginstpa 38HE 3 BMCOKOKO eMicieto Ha Mikpockoni
«Axiolmager-M2» (Carl Zeiss, Himey4unHa) 3 kamepoto
«AxioCam-ERc 5s» (Carl Zeiss, HimeyunHa). Mikpodo-
Torpadii, Lo ofepanu, Takox aHanisysanu B Imaged.
O6paxyBanu Taki MoKasHWKu:

— CKOpUroBaHy 3ararnbHy KIiTUHHY bryopecLieHL;to
(corrected total cell fluorescence, CTCF), wo xapak-
Tepu3yBarna BMICT iMyHOpPeakTUBHOIO MaTepiany B
KNiTuHi. Bupaxanu Leit nokasHWK B YMOBHUX OAUHULSAX
imyHochnyopecieuii (Op,, ) Ta o6paxosyBsany 3a hopmy-
noto: CTCF = 1D, - (S x ID,), ae ID, — napameTp iHTerpo-
BaHOI LLiNbHOCTI iIMYHOMO3WUTVBHOI KIMITVHW, aBTOMAaTU4HO
BM3HAYEeHWI NporpamMoto, S — NnoLla iMyHOMO3UTUBHOIT
KniTuHY; D, — NOKa3HMK IHTErpOBaHOT LLINBHOCTI POHY
(kniTHK, WO He Mana BUAMMOT prnyopecLeHLii);
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— KiNbKiCTb iIMyHOMO3UTMBHMX KMITUH Y 3Pi3i MO3KY B
30Hi iHTEpecy.

Okpemo B romoreHaTax rofloBHOrO MO3Ky eKcre-
PUMEHTanNbHUX LWYpIiB OLiHIOBaNu piBeHb HITPUTIB 3
peakTBom [pica cnekTpoHOTOMETPUYHUM CMOCOBOM
Ha cnekTpodoTomeTpi «Libra S32» (Biochrom Ltd, USA)
npw 540 Hm [17].

Yci ekcnepumeHTasnbHi AaHi onpawoBanu, 3acto-
CyBaBLUW NaKeT NPWKINafHWX i CTaTUCTUYHUX Nporpam
Statistica v.13 niuensis Ne JPZ8041382130ARCN10-J i
Microsoft Excel 7.0 (Microsoft Corp., CLUA). Mepesipky
HOPManbHOCTI PO3noginy AaHux y BMOIpLI BUKOHaM 3a
kputepiem Lanipo-Binka. [ins BusiBneHHs 4OCTOBIPHOCTI
BiAMIHHOCTeW pe3ynbTaTiB AOCTiAXeHb MiX ekcrnepumeH-
TanbHUMW rpynamu LLYypiB BU3Ha4MIu koedilieHT CTbio-
feHTa (t) ana Bubipkw, Wo Bignoigana HopmansHOMY
3aKOHY PO3MoAiny AaHWX, a TaKoX KpuTtepin MaHHa—BiTHi
(U) ona Bubipku, B sKili AaHi He BianOBianM 3aKoHy
HopManbHOCTI po3noginy [18].

Pe3yabTatu

Y pesynbrati 4OCRiMKEHHS BCTAHOBUMM OCOBIMBOCTI
HelpoaecTpykTBHOro BnnwBey LB konxiuuHy Ha Hen-
poHn BM#A Ha choHi 3MiHW piBHS HITPWTIB Y roMoreHaTax
ronoBHOro Mo3ky Ta xapaktepy ekcnpecii INOS. Tak, Ha
npenapatax bM{, 3abapeneHux Ha pevoBuHy Hiccns,
y wypie nicns ILB konxiuuHy (miarpyna 26) BidyansHo
BK3HAYEHO MOPYLUEHHS TICTOAPXITEKTOHIKU CTPYKTYpU,
30Kpema 3'ABuUnacs Benmka KinbkicTb ApiOHUX iHTEHCHB-
HO 3abapBneHMX TineLb i NOPOXHUHU HABKOMO HUX, a B
3paskax Bif iHTakTHUX (rpyna 1) i nceBgoONepoBaHNX
(nigrpyna 2a) TBapuWH Taki 03HaKW He BUSIBUNK (puc. 2).

O6’ekTnBHO y HempoHax BMA wypis nigrpynu 26
BW3Ha4eHO JOCTOBIPHO MEHLLY NMOoLLy pevoBuHK Hicens
nopiBHsHO 3 rpynoto 1 Ta nigrpynoto 2a — Ha 47,3 % Ta
35,9 % signosigHo (p < 0,05). 3asHaunmo, Lo Mix rpy-
namu iHTaKTy Ta NCeBAOONEPOBaHMX LLYPIB CTAaTUCTUYHOI
pi3HULi 3a LM nokasHuKoM He Byro (puc. 3).
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peyoBuHM Hiccns B nporpami undpoBoro
aHanisy 3obpaxeHHs ImageJ.
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wypu

Taka mopdponoriyHa KapTvHa B rpyni 26 Bu3HaveHa
Ha (POHi CTATUCTUYHO 3HAYYLLIO BiNbLUMX MOKA3HUKIB PiBHSA
HITPWTIB Y romMoreHaTax rofioBHOr0 MO3Ky MOPIBHAHO 3
rpynoto 1 i nigrpynoto 2a (maibke B 10 i 7 pasis Bigno-
BiIHO). Pa3om 3 TvM, 32 BMICTOM HITPWTIB rpynut iHTaKTy
11 NCeBLOONEPOBaHYIX LLYpIB He BiapisHanucs (puc. 4).

Y pesynetarti iMyHOyopecLEeHTHOrO aHanisy ekc-
npecii iINOS y HelipoHax BM# BusiBunm nesHi ocobnmeoc-
Ti B €KCMepUMEHTarnbHUX rpynax Lwypis (mabr. 1, puc. 5).

Tak, nnowia iMmyHono3uTtueHUX knituH o iINOS po-
CTOBIPHO He BiApi3HsAnacs B rpynax AochimkeHHs. Pasom
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Puc. 2. HelipoHu 6a3anbHoro MarHoLenionsipHoro Siapa Y LUypiB ekcrepuMeHTanbH1X
rpyn (3abapeneHHs 3a Hiccnem). A: y wwypis rpynu 1; B: y wwypis rpynu 2a; B: y wwypis
rpynu 26; 6ina cTpinka: pevouHa Hiccnst; )oBTa cTpinka: LWinbHo 3abapeneHe TinbLe;
4YepBOHa CTpinkKa: NOPOXXHWHA HABKOMO LLiNbHO 3a6apBrieHuX Tinewp.

Puc. 3. Mnowa peyosuHmn Hiccnst (um?) y HeiipoHax 6asanbHOro MarHOLEntonsipHoro
siApa LLYpiB eKCiepUMEHTamNbHMX rpy. *: JOCTOBIPHA Pi3HMULIS LLOAO0 NOKa3HIKa iHTaKTHUX
TBapyH (p, < 0,05); #: BiporiaHa pisHMUA WoAo NceBRoonepoBaHIX TBapuH (p, < 0,05).

Puc. 4. BMiCT HiTpUTIB y roMOreHaTax rorloBHOrO MO3KY LLYPIB 3 eKCrepUMEHTanbHUX
Tpyn. *: OCTOBIPHA Pi3HNLA LOAO0 NOKa3HMKa IHTaKTHUX TBapuH (p, < 0,05): #: BiporigHa
pi3HMLA WOA0 NCeBaoonepoBaHiX TeapuH (p,, < 0,05).

-
o
IHTaKT lMceBpoonepoBaHi Lypn ILIB konxiumHy
Ipyna

i3 TM BCTaHOBUNK, IO nokasHuk CTCF y rpyni TBapuH 3
ILIB konxiLumHy MakcuMmarnbHWiA, JOCTOBIPHO NEpEeByILLYBaB
BiAMOBIAHI 3HAYEHHS IHTAKTHIX TBAPWH Ha 22,7 %, NceBao-
OnepoBaHuX LWypiB —Ha 45,3 % (mabr. 1). Baxawmsui etan
pobotu — pocnimkeHHs kinbkocTi INOS* kniTuH y BMA
B OAHOMY 3pi3i MO3KY. BuaHaunnu, WO KinbKiCTb KMiTUH,
ski exkcnpecytotb INOS, y rpyni 1 (iHTakTHI) i nigrpyni 2a
(nceBpoONEPOBaHi) CTAaTUCTUYHO He BigpisHanacs. Y
nigrpyni 26 (IL|B konxiuyHy) KinbKicTb KNiTWH, iIMyHOMNO3K-
TvBHMX 80 iINOS, 4OCTOBIPHO NepeBULLlyBarna BiAnoBigHWN
nokaaHuk rpynu 1 Ha 50 %, nigrpynu 2a—Ha 100 % (puc. 6).
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Puc. 5. Exkcnpecist INOS y HeltpoHax BMA Lypis ekcriepumeHTanbHix rpyn. Peakuis npsamoi imyHodnyopecuienuii. A: y wypis rpynu 1; B: y wypis nigrpynu 2a; B: y wypis nigrpynu

26 (cTpinka Bka3ye Ha iMyHOMO3UTWBHY KMiTUHY).

Puic. 6. Kinbkictb iINOS* knituH y BMA ypis excriepuMeHTanbHX rpyn y 3piai rofoBHONO Moaky. *: 4OCTOBIPHa PisHNLS WOAO MokasHIKa iHTaKTHUX TBapuH (p,, <0,05); #: BiporigHa

PI3HNLSA LLIOAO NOKa3HMKa NCEBA0ONEPOBaHNX TBAPUH (pU <0,05).

OpwuriHaAbHiI AOCAIAXKEHHS

--

5B

6 12

KinbkicTb kniTuH
[«>]

-

: €T

i

IHTaKT lMNceaoonepoBaHi Lypu
Ipyna

Tabauua 1. Mokasuuky ekcripecii INOS y HelpoHax BMA wypis ekcnepumenTtanbhux rpyn, Me [Q1; Q4]

InTakT (rpyna 1) MceBpoonepoBaHi wWypw (niarpyna 2a) ILB konxiuumHy (niarpyna 26)

96,82 [71,88; 141,09]
5014,17 [3357,01; 6827,85]

lnoLya iMyHOMO3NTUBHIX KNITUH, MKM?
CTCF, Op,,

105,59 [86,81; 131,16]
4234,14 [3098,01; 6068,97]

1LIB konxiumHy

111,3 [84,58; 144,64]
6150,72 [4213,97; 9552,74]'2

1: Biporiana pisHuua nokashukis (p, < 0,05) wopo rpynu 1; 2: gocTosipHa pisHUUA nokasHukie (p, < 0,05) wopo rpynu 2a.

06roBopeHHA

[JocnimxeHHs aano 3Mory BU3HaYMTW y4acTb HITPO3aTuB-
HOTO CTPeCy B KONXiLMH-iHAYKOBaHiIl HelipodereHepallii, a
TaKoX BUSBUTH 0cobnmeocTi ekcnpecii INOS y HelipoHax
BM# ekcneprmeHTanbHUX LLypis.

lcToximiyHe 3abapenenHs 3a Hiccnem e gocutb
MOLMPEHNM METOAOM Bi3yanbHOMO OLiHIOBAHHSA HER-
popaereHepalii, 3okpema npu ILIB konxiuuHy exkcrnepu-
MeHTanbHUM wypam [19]. Tak, BigoMO, LLO TUNOBOK
MOP(ONOriYHO O3HAKOK AereHepalii HEMPOHIB Y
3pi3ax MO3Ky, siki 3abapBneHi 3a MM METOAOM, € HasiB-
HICTb 3MOpLLEHNX aHOMASbHO TNEPXPOMHUX Tinelb, a
cami He/poHu HabyBatoTb kyTacToi dhopmu. Kpim Toro,
BM3HaYatoTb BTpaTy cybcTaHuii Hicens y HelipoHax, Wwo
fereHepytoTb. Lli xapakTtepucTukm gonomararTb YiTKO
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BiOPI3HNTM Taki HEpOHM Big HopMarnbHux [19,20]. OTxe,
KpiM Bi3yamnbHOro OL{iHIOBAHHS, Liei Ccnocib ricToximiy-
Horo 3abapBneHHs Jae 3mMory 06'eKTMBHO BU3HAUUTM
HenpofereHepaLito Ha NigcTaBi METPUYHMX NMOKA3HWKIB.
Lle cnoctepiranu nig yac AOCNImKEeHHS, sike 3aincHUNK,
Ta NiATBEPHKEHO pesynsTatamm iHWmX yyenux [9,21].

MiaBMLLEHHS PIBHS HITPUTIB SK OAWMH i3 MOKa3HMKIB
HITPO3aTVUBHOIO CTPECY NiCNs BBEAEHHS KOMXILMHY TaKoX
HeogHopa3oBo BuaHavanu [19,22]. MNpoTe nokanbHa
natoreHeTnyHa pornb INOS y BMA sk BaxknmBoi naHku
PO3BUTKY HITPO3ATUBHOMO CTPECY Y HayKOBi Nnitepatypi
onmcaHa HepoCTaTHbLO.

Y LibOMY KOHTEKCTi 3ayBaXuMO: SKLLO 25 poKiB TOMY
NUTaHHS LLOAO EKCNPeCii LIboro (hepMeHTY B rONOBHOMY
MO3KY IHTaKTHUX TBapWH GYno AuckyTabenbH1M, OCKinbKI
OKpeMi JOCMIAHNMKM Y HeMpOHAX KOHTPOMbHWUX TBAPUH
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He BusBNAnW imyHodnyopecueHuito Ao iINOS Ha ¢oHi
MiHiManbHoi 6asaneHoi ekcnpecii MPHK Ta camoro Binka
(ouiHeHi MeTooOM MoniMepasHoi NaHLIroBOI peakLii Ta
BECTEPH-OMOTTWHrY BiANoBiAHO) [23], TO HWHI BUSBNEHO
€H31M y rOfIOBHOMY MO3KY 340POBUX TBapuH, 6a GinbLue,
nokasaHo 36inbLueHHs ekcnpecii INOS 3 Bikom [24]. OTxe,
BiK TBapuHM BrMBae Ha ekcnpecito iINOS.

Kpim Toro, cnig 3BepHyTH yBary Ha HeO4HOPIOHICTb
nonynawii iMyHOMO3UTUBHUX HEMPOHIB 33 MOKA3HWUKOM
nnoLi B yCix eKkcnepuMeHTanbHux rpynax (mabn. 1).
TpaguuinHo BBaxanu, o 3a ekcnpecito iINOS Bignosi-
[al0Tb NepeBaxHO MikpornianbHi KNiTUHW, ANS SKUX Xa-
pakTepHi Mani po3mipy NOPIBHSAHO 3 HepoHamu [25,26].
[aHi, Wwo HaBeaeHi B Ui poboTi, NiATBEpIKYOTL 3any-
YeHicTb fo ekcnpecii INOS Lwmnpokoro cnekTpa KniThH 3a
MOKa3HWMKOM MIIOLLi B YCiX eKCnepuMEHTanbHKX rpynax.
Lle moxe cBiguMTW NPO HasABHICTb LibOro PEPMEHTY i B
rnianbHKX KNiTMHaX, i 6eanocepeHbo B HelpoHax. Mo-
[LiOHi pe3yneTaTi ofepxany iHLwi BYeHi, 3MOAentoBaBLLn
xBopoby AnbLreiimepa y wwypis [27]. Pasom i3 Tum, npu
MopentoBaHHi xBopobu MapkiHcoHa M. Bortolanza et
al. He BusBMIM INOS* HelipOHIB, BU3HAYMBLUMN TiNbK
rnienofibHi KNiTMHYK, WO ekcnpecyBanu Lei dhepMeHT
[28]. Taki po3biXHOCTI pe3ynbTaTiB MOXYTb CBiAUATU
npo NeBHY crneundiYHICTb naTepHy KNiTUH rofloBHOrO
MO3KY, Lo 3any4eHi go ekcnpecii iINOS y Bignosigb Ha
pi3Hi HEMPOAECTPYKTUBHI areHTu.

3ayBaxumo, Lo y Lwypis nicns IL|B konxiumHy nopie-
HSIHO 3 IHLUMMM eKCnepyMEHTarnbHUMI rpyrnamm iCTOTHe
MiABULLEHHS PIBHSA HITPUTIB Y roMoreHatax rornoBHOMO
MO3Ky BW3HAYaETbCA He TiNlbKU HAAMIPHOIO EKCTPECiE0
iNOS, ane 11 36inbLueHHsM kinbkocTi INOS* kniTuH y BMSA.

BucHoBKU

1. IHTpauepebpoOBEHTPUKYNAPHE BBEAEHHS KO-
NXiUWHY eKcnepuMeHTanbHUM LypaM CrpuyvHSe
MOpPAOIOriYHi 03HaKN HEMPOAECTPYKLIT B GazansHoMy
MarHoLentonsapHoOMy siApi Ha TMi HITPO3aTUBHOTO CTPECY.

2. Exkcnpecis iNOS y wypis nicnsa iHTpavepebpo-
BEHTPUKYMSPHOrO BBEAEHHS! KONMXILWHY B KniTuHax Ga-
3anbHOr0 MarHOLIEMoNSAPHOTO SApa XapakTepuayeTbes
BinbLUMM BMICTOM PEPMEHTY MOPIBHAHO 3 IHTAKTHUMU
Ta nceBaoonepoBaHMMy TBapuHamu. [Mpy oMy nnowla
iMYHOMO3UTUBHMX KMITUH HE Marna CTaTUCTUYHO 3HaYYLLVX
3MiH Y pi3HUX rpynax SOCHiSKEHHS.

3. IHTpauepebpOBEHTPUKYNSIPHE BBEAEHHS KOMXiLy-
Hy eKCnepPYMEHTaNBHIM LLypam CrIpUYMHUINO 30iNbLLEHHS
KinbKOCTi iMyHOMO3UTUBHMX KNiTWH 80 INOS y 6a3ansHomMy
MarHoLentonsapHoMy sapi.
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Non-alcoholic fatty liver disease (NAFLD) or due modern nomenclature — metabolic dysfunction-associated steatotic liver
disease (MASLD) and atrial fibrillation are interconnected health problems that require reassessment of treatment strategies
to address their common underlying causes. Lifestyle changes and pharmacotherapy are used to manage NAFLD, while
treatment for atrial fibrillation focuses on anticoagulation and rhythm control.

Aim. To evaluate the efficacy of combining ursodesoxycholic acid and quercetin with standard treatment to improve liver health
and heart function in patients with non-alcoholic fatty liver disease and atrial fibrillation.

Material and methods. A prospective, randomized controlled trial was conducted on patients with NAFLD and atrial fibrillation
at two hospitals from January 2020 to December 2023. The study involved 127 patients who were divided into three groups:
standard treatment, standard treatment + ursodesoxycholic acid (UDCA), and standard treatment + UDCA + quercetin.

Results. The average age and sex distribution were similar among the three groups, suggesting that the randomization
process successfully balanced the demographic characteristics. Paroxysmal atrial fibrillation was the most common form in
all groups, followed by persistent atrial fibrillation and permanent atrial fibrillation, with no statistically significant differences
between the groups. The body mass index was comparable across all three groups as well. The results showed a decrease
in liver stiffness in all groups, with groups 2 and 3 showing the most significant improvements. Fibrosis stages also shifted
after treatment, with group 3 showing a marked reduction in progressive fibrosis. Groups 2 and 3 also showed significant
reductions in steatosis levels, with an increase in the proportion of patients without steatosis. Left atrial diameter decreased in
all groups, with group 3 showing the most significant reduction. Left ventricular ejection fraction improved in all groups, with the
most significant increase in group 3. Group 3 also showed improvements in diastolic filling and left ventricular filling pressure.
Overall, the combined treatment regimen in group 3 appeared to have the most favourable effects on liver and cardiac health.

Conclusions. The addition of UDCA and quercetin to standard treatment regimens for NAFLD and atrial fibrillation shows
promising improvements in liver health and cardiac function.

Komb6iHoBaHWH BNAUB ypCOAE30KCUXONEBOI KUCAOTH Ta KBEPLLETUHY
Ha CTPYKTYpPY NeuiHKu Ta cepueBy GYHKLiIO B NALIEHTIB i3 HEAAKOrOAbHOKO YXUPOBOIO
XBOpo601o neviHku Ta $pibpursLielo nepeacepab

0. Bb. TecneHko, C. B. ®epopos., M. B. BeniHcbkui, A. C. lepalueHko, |. B. CToika

HeankoronsHa uposa xBopoba neviHku (HAYKXI) Ta chibpunsiis nepencepab — B3aeMomnoB'sa3aHi npobrnemu, Lo notpebytots
cneundivHNX CTparTeriii NikyBaHHS AN YCyHEHHS! CTIMbHIX MaTOreHETUYHNX TaHOK. B ocHoBi nikyBaHHs HAXKXIT — 3amiHa cnocoby
XKUTTS Ta KOPEKLIiSt Macy Tina, a MeHemMKMeHT chibpunsLii nepencepab GokyCyeTbCs Nepenycivm Ha aHTUKOarymsiLi Ta KOHTPOMi pUTMy.

MeTa po60oTn - OLHUTY edheKTUBHICTb MOEAHAHHST YPCOLE30KCUXONEBOT KUCTOTY Ta KBEPLETVHY 3i CTaHAAPTHOK Tepanieto
[Ns NOKpaLLeHHs CTaHy NeviHkv Ta cepueBoi dyHKUIT B navieHTiB i3 HAXKXT i ¢pibpunsiuieto nepeacepab.

Marepianu i meToam. [pocnekTvBHe, paHAOMI30BaHe KOHTPONbOBaHe AOCHIMKEHHS 34INCHUAN 3a yHacTio navieHTiB i3 HAXKXTT
i hibpunsuieto nepencepab y ABOX nikapHsx 3 ciuHsg 2020 go rpyaHs 2023 poky. [Jo gocnimkeHHs 3anyyunu 127 nauieHTis,
AKUX MOAINWUIN Ha TPU rPYNI 3anexHo Bif Tepanii, Ky BOHW ofepxanu: CTaHAapTHe NikyBaHHS, CTaH4apTHe MiKyBaHHS + yp-
copesokcuxonesa kucnota (YOXK) Ta craHgaptHe nikyBaHHs + YXK + kBepLeTuH.

Pe3syabratu. Po3nogin 3a BikoM i CTaTTO CTAaTUCTUYHO OAHOPIAHWIA Y TPLOX rpynax 06cTexeHmx. Lie cainuuTb, Lo npoLiec paHaoMmi-
3auji yeniuHo 36anaHcyBaB aAemorpadiyHi xapakrepucTuku. [MapokcuamanbHa hopma ibpunswii nepeacepab HannoLwMpeHiLa
B yCiX rpynax, Aani — nepcucTytoda Ta noctiiHa hopmm cpibpunsuii nepescepab, 63 CTaTUCTUMHO 3HaYYLLMX BIAMIHHOCTEN MiX
rpynamu. Y pesynsraTi AOCTIIKEHHS BUSIBUNM 3MEHLLIEHHS (hibpo3y neviHku B yCix rpynax, 1y rpynax 2 i 3 BU3Ha4yeHo HaricToTHiLLe
BiporigHe ameHLweHHs. CTagii ibpo3y Takox 3MiHUNMCS Nicns NikyBaHHs; y rpyni 3 BCTAHOBNEHO BiporifHe 3MEHLUEHHS Nporpe-
cvBHOT chopmu hibpoasy. Y rpynax 2 i 3 BUSHa4YUIM iCTOTHE 3HWKEHHS PIBHS CTEATO3y, @ Takox 30iNnblunnacs YacTtka nauieHTiB
6e3 creatoay. [iameTp NniBoro nepeacepas 3MEHLUMBCS B YCix rpynax, y rpyni 3 3adhikcoBaHO HaBINbLL 3HAYYLLE 3MEHLLEHHSI.
®pakuis BUKuZY NiBOTO LUMYHOYKA NOKPaLLMnacs B yCiX rpynax, HanicToTHiLe 3BinbLueHHs — y rpyni 3. Y wii rpyni 3acikcoBaHo
MOKPALLEHHs AiaCTOMIYHOrO HAMOBHEHHS Ta TUCKY HaMOBHEHHS MIBOrO LUMyHOYKa. 3aranom komMBiHOBaHa cxema nikyBaHHS B
rpyni 3 Mana HaCnpUATAMBILLMIA BMMB HA CTPYKTYPHO-CDYHKLIIOHANBHI NapameTpy NeYiHKA Ta cepus.
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BucHoBku. [JopasanHs YOXK i kBepueTMHY [0 CcTaHZapTHWUX cxeMm nikyBaHHs HAXKXTT i coibpunsuii nepencepab cnpusie
NOKPALLEHHIO CTPYKTYPHO-(DYHKLIOHANBHWX NapameTpiB NediHku Ta cepus.

Non-alcoholic fatty liver disease (NAFLD) or due modern
nomenclature — metabolic dysfunction-associated stea-
totic liver disease (MASLD) is a significant global health
concern and the leading cause of chronic liver disease in
the 21t century [1]. Itis characterized by the accumulation
of fat in liver cells in individuals who consume little to no
alcohol. The prevalence of NAFLD is estimated to affect
approximately 32.4 % of the global population, indicating
a silent epidemic [2]. The disease spectrum associated
with NAFLD ranges from simple steatosis, which is largely
benign, to non-alcoholic steatohepatitis (NASH), a more
aggressive form that may progress to cirrhosis, liver
failure, or hepatocellular carcinoma. The pathogenesis of
NAFLD is intricately linked to insulin resistance, which is a
hallmark of metabolic syndrome. These associations un-
derscore the systemic nature of NAFLD, emphasizing its
position at the intersection of metabolic dysregulation[3].

In addition to the rising prevalence of NAFLD, atrial fi-
brillation, the most prevalent sustained cardiac arrhythmia,
presents significant public health challenges [4]. Affecting
millions globally, atrial fibrillation is a major risk factor for
stroke, heart failure, and systemic embolism, contributing
significantly to morbidity, mortality, and healthcare costs.
The pathophysiological basis of atrial fibrillation involves
structural and electrical changes in the atria, which are
triggered by conditions such as hypertension, coronary
artery disease, and valvular heart disease [5]. Moreover,
recent research has uncovered a new association be-
tween NAFLD and atrial fibrillation, suggesting that the
metabolic and inflammatory environment of NAFLD may
heighten the risk of developing atrial arrhythmias. The
evidence suggests a complex relationship between me-
tabolic liver disease and cardiac arrhythmia [6]. Therefore,
it may be necessary to reevaluate treatment strategies
that address these interconnected pathologies.

The current management of NAFLD focuses on lifestyle
interventions aimed at weight reduction and metabolic
control, with pharmacotherapy primarily reserved for those
with NASH or fibrosis [7]. Ursodesoxycholic acid (UDCA),
although not specifically approved for NAFLD, has been
investigated for its hepatoprotective effects, offering poten-
tial benefits in normalising liver enzymes and histological
improvement [8]. In the realm of atrial fibrillation, treatment
strategies prioritise rate and rhythm control, alongside
anticoagulation to prevent thromboembolic events [9].
Therefore, it is crucial to explore potential treatment options
that consider the connection between NAFLD and atrial
fibrillation. However, itis important to note that these conven-
tional approaches often treat NAFLD and atrial fibrillation in
isolation, overlooking their shared pathophysiological roots.

Aim
To evaluate the efficacy of combining ursodesoxycholic
acid and quercetin with standard treatment to improve liver

health and heart function in patients with non-alcoholic
fatty liver disease and atrial fibrillation.

Maronoris. Tom 21, Ne 2(61), TpaBeHb — cepneHb 2024 p.

Material and methods

Aprospective, randomized controlled trial was conducted
at the therapeutic departments of lvano-Frankivsk Central
Clinical Hospital and Ivano-Frankivsk City Clinical Hospital
No. 1 from January 2020 to December 2023. The study
included patients aged 18-75 years who were diagnosed
with non-alcoholic fatty liver disease confirmed by ultra-
sound elastography and had a history of atrial fibrillation
confirmed by 12-lead ECG. The diagnosis of NAFLD was
established in accordance with state protocol for manage-
ment of NASH [10] and atrial fibrillation in accordance with
ESC guidelines for the diagnosis and management of
atrial fibrillation developed in collaboration with the Euro-
pean Association for Cardio-Thoracic Surgery (EACTS)
[11] and state protocol for management of atrial fibrillation
[12]. The study’s exclusion criteria included patients with
alcohol consumption, other chronic liver diseases (such
as viral hepatitis and autoimmune liver diseases), signi-
ficant cardiac conditions (such as heart valve disease),
and patients on anticoagulant therapy that could not be
standardized.

The study included 127 patients who were divided
into three groups. Group 1 (standard treatment) consisted
of 42 patients, Group 2 (standard treatment + UDCA)
consisted of 44 patients, and Group 3 (standard treat-
ment + UDCA + Quercetin) consisted of 41 patients.

The study protocol was reviewed and approved by the
Ethics Commission of lvano-Frankivsk National Medical Uni-
versity, taking into account ethical considerations. Additional-
ly, all participants provided written informed consent before
enrollment. The study was conducted in accordance with the
Declaration of Helsinki and local regulatory requirements.

Standard treatment for NAFLD consisted of dietary
and lifestyle recommendations, with an emphasis on
weight loss and physical activity. The management of
atrial fibrillation followed current guidelines, which involved
the use of rate or rhythm control medications as clinically
indicated. The dosages of UDCA and quercetin were
determined based on existing literature and preliminary
safety assessments. UDCA was administered orally at a
dose of 10 mg/kg/day, while quercetin was provided as a
dietary supplement at a dose of 40 mg three times a day,
both for a duration of 3 months.

The primary outcomes measured were changes in
liver stiffness and fat content, as determined by ultrasound
elastography and Controlled Attenuation Parameter scor-
ing, respectively. The study also investigated changes
in echocardiographic parameters, specifically ejection
fraction and diastolic function, to assess cardiac function
improvement. Ultrasound investigations were conducted
using a Toshiba Aplio 500 ultrasound machine at a clinical
base of Ivano-Frankivsk National Medical University.

Data were analyzed using IBM SPSS 26.0 (License
Code QA2WSWS3QTR5TG6Y7TGBRF59JUYT7H).
Continuous variables were expressed as median (inter-
quartile range), and categorical variables as numbers and
percentages. Differences between groups were evaluated
using Mann-Whitney test for continuous variables and
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Table 1. Baseline characteristics of studied patients

Parameter, units of measurement m Group 2, n =44 mm

Age, years 51.00 (44.25; 56.75)

Sex Male 15 (35.70 %)
Female 27 (64.30 %)

Atrial fibrillation form Paroxysmal 26 (61.90 %)
Persistent 9 (21.40 %)
Permanent 7 (16.70 %)

Body mass index, kg/m?

32.61 (29.98; 36.51)

52.50 (49.00; 57.00) 50.00 (46.00; 54.00) 0214
17 (38.60 %) 15 (36.60 %) 0.959
27 (61.40 %) 26 (63.40 %)

24 (54.50 %) 27 (65.90 %) 0.871
12 (27.30 %) 8 (19.50 %)

8(18.20 %) 6 (14.60 %)

32.23 (29.75; 35.39) 33.24 (30.09; 35.79) 0.797

Table 2. Changes in intensity of fibrosis and steatosis

Parameter, units of measurement m Group 2,n =44 Group 3,n=41

Intensity of fibrosis, kPa Pre treatment 9.83 (8.23; 10.62)
Post treatment 8.73 (7.17;9.71)
A%, p -7.03 %, p = 0.097
Intensity of steatosis, dB/m Pre treatment 278.06 (261.85; 301.44)
Post treatment 280.41 (261.97; 296.81)
A%, p -0.98 %, p = 0.698

9.02 (8.24; 10.13)
8.15 (6.95; 9.70)
-9.55%, p = 0.020
281.48 (265.74; 295.64)

245,34 (222.21; 269.44)*

-13.33 %, p < 0.001

7.98 (7.00; 9.98)
7.54 (6.60; 8.36)"
-11.88 %, p = 0.018

280.97 (258.98; 292.27)
255,87 (219,93; 274,45)*

-9.89 %, p < 0.001

*: p value <0.05 with group 1; #: p value <0.05 between group 2 and 3.

Table 3. Changes in stage of fibrosis and steatosis

. (Eeare oo |

Stage of fibrosis pre treatment 5(11.90 %)
F2 21 (50.00 %)
F3 16 (38.10 %)
Stage of fibrosis post treatment F1 9 (21.40 %)
F2 23 (54.80 %)
E8 10 (23.80 %)
Stage of steatosis pre treatment S0 3(7.10 %)
S1 7 (16.70 %)
S2 16 (38.10 %)
S3 16 (38.10 %)
Stage of steatosis post treatment S0 5(11.90 %)
S1 4 (9.50 %)
S2 17 (40.50 %)
S3 16 (38.10 %)

3(6.80 %) 10 (24.40 %) 0.167
25 (56.80 %) 21 (51.20 %)
16 (36.40 %) 10 (24.40 %)
13 (29.50 %) 14 (34.10 %) 0.022
22 (50.00 %) 27 (65.90 %)
9 (20.50 %) 0/(0.00 %)
3(6.80 %) 3(7.30 %) 0.392
2 (4.50 %) 8 (19.50 %)
25 (56.80 %) 17 (41.50 %)
14 (31.80 %) 13 (31.70 %)
20 (45.50 %) 16 (39.00 %) 0.002
7 (15.90 %) 8 (19.50 %)
12 (27.30 %) 12 (29.30 %)
5 (11.40 %) 5(12.20 %)

the Chi-square test for categorical variables. A p-value of
<0.05 was considered statistically significant.

Results

In Table 1 the baseline characteristics of studied patients
are summarized.

The median age of the three groups was closely
matched. Group 1 had a median age of 51 years (44.25;
56.75), Group 2 had a median age of 52.5 years (49.00;
57.00), and Group 3 had a median age of 50 years (46.00;
54.00). The age distribution between the groups was not
significantly different (p = 0.214). Similarly, the sex dis-
tribution was also similar across the groups. In Group 1,
35.7 % were males and 64.3 % were females. In Group
2, 38.6 % were males and 61.4 % were females. In Group
3, 36.6 % were males and 63.4 % were females. There
was no significant difference in sex composition between
the groups (p = 0.959).

Paroxysmal atrial fibrillation was the most common
form across all groups, observed in 61.9 % of Group 1,
54.5 % of Group 2, and 65.9 % of Group 3. Persistent
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atrial fibrillation was reported in 21.4 % of Group 1,
27.3 % of Group 2, and 19.5 % of Group 3. Permanent
atrial fibrillation was the least common, found in 16.7 % of
Group 1, 18.2 % of Group 2, and 14.6 % of Group 3. These
differences were not statistically significant (p = 0.871).
The Body mass index (BMI) was comparable across in all
three groups, with Group 1 having a median BMI of 32.61
(29.98; 36.51) kg/m?, Group 2 with 32.23 (29.75; 35.39)
kg/m2, and Group 3 with 33.24 (30.09; 35.79) kg/m?. The
statistical analysis revealed no significant difference in
BMI among the groups (p = 0.797).

The study’s randomization process successfully ba-
lanced the demographic and baseline characteristics of
patients across the three treatment groups. This indicates
that any differences in treatment outcomes are likely due
to the interventions themselves rather than baseline dis-
parities. The age, sex distribution, type of atrial fibrillation,
and BMI were comparable across all groups.

The dynamic of liver ultrasound parameters is pre-
sented in Tables 2 and 3.

At the outset of the study, the median liver stiffness
values measured in kilopascals (kPa) were comparable
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Table 4. Changes in echocardiographic parameters

Parameter, units of measurement m Group 2,n =44 Group 3,n=41

Left atrial diameter, cm Pre treatment

Post treatment
A%, p

Left atrial volume, mL Pre treatment
Post treatment
A%, p

Left atrial volume index, Pre treatment

mL/ms Post treatment
A%, p

Left ventricular ejection Pre treatment

fraction, % Post treatment
A%, p

E/A ratio Pre treatment
Post treatment
A%, p

Isovolumic relaxation time, Pre treatment

ks Post treatment
A%, p

E deceleration time, ms Pre treatment
Post treatment
A%, p

E/e' ratio Pre treatment

Post treatment
A%, p

416 (3.77; 4.54)
4.04 (3.69; 4.33)
2.18 %, p = 0.474
54.58 (44.18; 65.68)
55.67 (42.10; 65.77)
-0.44 %, p = 0.957
28.82 (24.32; 38.42)
34.17 (25.00; 40.81)
6.99 %, p = 0.304
56.00 (49.88; 59.35)
57.75 (53.48; 60.79)
430 %, p=0.073
1.13 (0.85; 1.36)
1.04 (0.91; 1.17)
12.22 %, p = 0.040
66.59 (53.78; 77.16)
68.31 (58.91; 76.79)
0.37 %, p = 0.950
177.19 (145.75; 198.21)
177.24 (140.00; 205.20)
0.49 %, p = 0.924
7.24 (6.36; 8.94)
8.12 (6.46; 10.51)
9.59 %, p = 0.226

OpwuriHaAbHiI AOCAIAXKEHHS

4.28 (3.86; 4.43)
4.01 (3.67; 4.34)
-5.61%, p = 0.055
50.18 (41.08; 66.79)
55.12 (34.66; 67.77)
-1.80 %, p = 0.790
29.63 (21.42; 37.31)
31,57 (24.72; 37.71)
3,73 %, p = 0.595

55.39 (52.35; 61.62)
57.20 (53.09; 60.84)
2.55 %, p = 0.280

1.00 (0.81; 1.27)

1.17 (0.93; 1.49)*

13.52 %, p = 0.069
66.16 (56.08; 79.07)
79.45 (60.69; 89.16)*
14.01 %, p = 0,005
182.30 (153.82; 204.30)

150.59 (130.65; 178.64)*

-12.81 %, p = 0.005
8.68 (6.88; 9.85)
8.30 (6.61; 10.72)
1.46 %, p = 0.835

4.19 (3.85; 4.48)
3.89 (3.34; 4.23)

6.77 %, p = 0.011
50.48 (41.34; 65.49)
49.53 (33.15; 64.26)
-6.22 %, p = 0.415
28,04 (23.62; 35.62)
28.06 (20.55; 35.26)
-3.78 %, p = 0.660
56.27 (53.46; 60.81)
60.92 (56.70; 64.67)*
7.74%, p = 0.001

1.06 (0.93; 1.27)

1.39 (1.12; 1.66)

32.04 %, p < 0.001
68.34 (58.10; 77.35)
70.31 (61.56; 78.19)
1.70 %, p = 0.760
172.91 (150.40; 198.14)
153.43 (119.39; 182.56)*
-12.99 %, p = 0.015
8.16 (6.22; 9.83)

6.47 (4.64; 8.26)*
17.59 %, p = 0.034

*: p value <0.05 with group 1; #: p value <0.05 between group 2 and 3.

across all groups: 9.83 (8.23; 10.62) kPa for Group 1, 9.02
(8.24; 10.13) kPa for Group 2, and 7.98 (7.00; 9. 98) kPa
for Group 3. Subsequent measurements after treatment
revealed a decrease in liver stiffness in all groups, with
Group 1 at8.73 (7.17; 9.71) kPa, Group 2 at 8.15 (6.95;
9.70) kPa, and Group 3 at 7.54 (6.60; 8.36) kPa. The
results show a decrease in liver stiffness of -7.03 % for
Group 1 (p = 0.097), -9.55 % for Group 2 (p = 0.020),
and -11.88 % for Group 3 (p = 0.018). It is worth noting
that Groups 2 and 3 experienced a statistically significant
reduction, with Group 3 showing the most significant im-
provement. Before treatment, the distribution of fibrosis
stages was relatively balanced across the groups, with
similar percentages of patients in stages F1, F2, and F3.
Following treatment, a significant shift in fibrosis stages
was observed. It is noteworthy that Group 3 exhibited a
marked reduction in advanced fibrosis, with no patients
remaining in the F3 stage after treatment (p = 0.022).

Baseline levels of steatosis, measured in decibels
per meter (dB/m), were similar across all groups. After
the intervention, significant reductions in steatosis levels
were observed in Groups 2 and 3. Specifically, Group 2
experienced a decrease from 281.48 dB/m to 245.34
dB/m, representing a -13.33 % reduction (p < 0.001).
Similarly, Group 3 experienced a decrease from 280.97
dB/m to 255.87 dB/m, representing a -9.89 % reduction
(p<0.001). In contrast, Group 1 showed a non-significant
change (-0.98 %, p = 0.698). The study found a significant
increase in the proportion of patients classified as SO (no
steatosis) after treatment in Groups 2 and 3 (p = 0.002),
with 45.5 % and 39.0 % of patients in the SO stage, re-
spectively, compared to 11.9 % in Group 1.

Changes in echocardiographic parameters are sum-
marized in Table 4.

Maronoris. Tom 21, Ne 2(61), TpaBeHb — cepneHb 2024 p.

Initially, the left atrial diameter measurements were
similar across all three groups. After treatment, a reduction
in left atrial diameter was observed in all groups. Group
3 exhibited the most significant decrease (-6.77 %,
p = 0.011), suggesting a potential improvement in atrial
remodeling. In contrast, the changes in Groups 1 and
2 were less pronounced and did not reach statistical
significance. Although Group 3 showed a slight decrease
(-6.22 %, p = 0.415), it was not statistically significant.
There were no significant changes observed in left atrial
volume across the groups after treatment. Similarly, the
left atrial volume index did not show significant improve-
ments across the groups.

However, the left ventricular ejection fraction, an
important measure of cardiac function, improved in all
groups, with the most significant increase observed in
Group 3 (7.74 %, p = 0.001). The results indicate that
the combined treatment regimen in Group 3 may have
resulted in improved cardiac efficiency. These findings
demonstrate the potential benefits of the combined treat-
ment regimen in Group 3.

Specifically, Group 3 showed a significant increase
in the E/A ratio (32.04 %, p < 0.001), which suggests im-
proved diastolic filling and potentially better overall cardiac
function. In contrast, Group 1 experienced a decrease in
the E/A ratio, while Group 2 showed a non-significant in-
crease. Isovolumic relaxation time, which reflects the time
taken for the ventricles to relax, increased significantly
only in Group 2 (14.01 %, p = 0.005). The E deceleration
time, which measures the rate of decline in early diastolic
filling velocity, showed a significant decrease in Groups
2 and 3, suggesting an improvement in early diastolic
filling and potentially reduced left atrial pressure. The E/e’
ratio, which is commonly used to estimate left ventricular
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filling pressure, showed a significant decrease in Group 3
(-17.59 %, p = 0.034). This suggests a possible reduction
in left ventricular diastolic pressure and an improvement
in cardiac function. However, no significant changes were
observed in Groups 1 and 2.

Discussion

The analysis indicates that the addition of UDCA and
quercetin to standard treatment regimens can significantly
reduce liver stiffness and improve steatosis levels. The
group treated with both UDCA and quercetin showed the
most significant changes. These findings are consistent
with recent research that highlights the hepatoprotective
effects of UDCA and the anti-inflammatory and antiox-
idant properties of quercetin [13,14]. For instance, the
study conducted by [15] demonstrated that UDCA has
the ability to modulate bile acid composition and reduce
liver inflammation. Additionally, P. Cao et al. found that
quercetin can attenuate oxidative stress and improve liver
histology in a NAFLD model [16].

The combined treatment also exhibited promising
effects on cardiac parameters, such as left atrial diameter,
left ventricular ejection fraction, and diastolic function
indicators. The improvement in left ventricular ejection
fraction in the combined treatment group suggests en-
hanced cardiac efficiency, which may be attributed to
the systemic benefits of quercetin. This is consistent with
L. Wang et al.’s findings, which reported improved cardiac
output and reduced myocardial fibrosis with quercetin
supplementation in a heart failure model [17].

The observed improvement in the E/A ratio and re-
duction in E/e’ ratio may indicate better diastolic function
and lower left ventricular filling pressures. This finding is
consistent with K. Moonikh et al., who also noted similar
improvements in diastolic function with antioxidant the-
rapy in patients with metabolic syndrome and subclinical
heart disease [18]. These results suggest that antioxidant
therapy may be a promising approach for improving di-
astolic function in patients with metabolic syndrome and
subclinical heart disease.

In comparison to the existing literature, our study
takes a unique approach by addressing both NAFLD
and atrial fibrillation through a combined pharmacological
approach. While previous studies have separately inves-
tigated the effects of UDCA and quercetin on liver and
heart health [19,20], our research highlights the potential
synergistic effects of these agents when used together.

Our study’s findings suggest that integrating UDCA
and quercetin with Standard treatments may provide a
more comprehensive approach to managing patients with
NAFLD and atrial fibrillation, addressing both hepatic and
cardiac aspects of these conditions. Future research will
focus on long-term outcomes, potential side effects, and
optimal dosing and administration strategies for these
treatments.

Conclusions

1. The addition of ursodesoxycholic acid and querce-
tin to standard treatment regimens significantly improved
liver health, as evidenced by reductions in liver fibrosis and
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steatosis, in patients with non-alcoholic fatty liver disease
and atrial fibrillation.

2. Significant enhancements in cardiac function were
observed, particularly in left ventricular ejection fraction
and diastolic function parameters, indicating potential
cardioprotective effects of the combined pharmacological
approach.

3. The findings suggest a synergistic effect of ur-
sodesoxycholic acid and quercetin when used alongside
standard treatments, highlighting the benefits of a com-
prehensive treatment strategy that addresses both hepatic
and cardiac aspects of non-alcoholic fatty liver disease
and atrial fibrillation.

4. These results underscore the potential of integrat-
ing ursodesoxycholic acid and quercetin into treatment
protocols for patients with non-alcoholic fatty liver disease
and atrial fibrillation, offering a novel approach to manag-
ing these interrelated conditions more effectively.

Prospects for further research. Future plans include
closer examination of left atrial and left ventricular changes
in patients with non-alcoholic fatty liver disease and atrial
fibrillation and to develop new treatment strategies to
alleviate the inflammatory damage.
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[JoTprmMytoumch NPUHLMMIB eHZOCKONIT 3 NOKPALLEHUM 306paXXeHHSIM | KOPUCTYHOUMCh CTaHAAPTU30BaHNMU EHAOCKOMIYHUMM
KnacudikaLisiMi, MOXHa 3 BUCOKOK TOYHICTIO Nepeabaumtit MopdhonorivyHmiA iarHo3 KonopekTanbHUX HOBOYTBOPEHDL. Be-
TVKWIA PO3MIp | HepiBHA NOBEPXHS YTBOPEHHS CYTTEBO YCKIAAHIOIOTL PETENbHUIA OMMIsid, @ PyTUHHY Bioncito BCe Lue LUMPOKO
3aCTOCOBYHOTb Ha NpaKTULi, He3Baxatouu Ha ii Hegoniku. Lle 3yMmoBnoe HeOOXIAHICTb MOPIBHAHHS pe3ynbTaTiB ONTUYHOI Ta
LuMnUeBoi Bioncii, a TakoX BU3HAYEHHS AOLINbHOCTI BUKOHAHHSA OCTaHHBOI Af1S1 Pi3HUX TWMIB HOBOYTBOPEHb TOBCTOI KWLLIK,
LU0 NoLLUMpIOOTLCS nateparnbHo (LST).

MeTa po60Tu - NOPIBHSITM EHAOCKOMIYHO BUSHAYEHMI IMKOBWIA NaTEPH i CYAUHHMIA PUCYHOK i3 NATOMCTONOMYHUMM 3HaXiaKkaMu
y LST, BU3Ha4nTV AiarHOCTUYHY TOYHICTb METOAMK ONTUYHOTO OLIIHIOBAHHS Ta WMNLEeBOi ioncii. OLHNTY 3B'S30K MiXX pO3MIpOM,
MOPCONOriYHAM TUMOM YTBOPEHb | HASIBHICTIO 3MOSIKICHUX 3MiH.

Marepianu i metopu. Mig yac gocnimkeHHs sreunny 80 LST =20 mm. [1na onT1YHOrO OLHIOBaHHS i cTpaTudikadii 3gincHunm
€KCTepTHY eHAOCKOMio 3 nokpalleHum 306paxeHHsm i3 NBI, Bukopuctanu knacudikauii Paris, Kudo, JNET, Hiroshima.
MpuuinbHy Wynuesy Bioncito BUKOHaNM 3 LiNsHOK i3 HaNGINbL NPOrpeECUBHUMM 3MiHaMK. Pedynstati ontuyHoi Bioncii Ta
naToricToNoryHoOro AOCHIMKEeHHS LWMNUeBol Gioncii nopiBHIOBaNM 3 AaHWMKU NaToOriCTONONYHOrO AOCHIMKEHHS BUAANEHUX
LST. CratucTuuni obpaxyHku BukoHanu B nporpami Statistica 13.

Pesyastatu. [lo rpynu 1 3anyumnu 30 nawieHTiB i3 HerpaHynapHUM TUNoM, 40 rpynu 2 — 50 XBOpUX i3 rpaHynspHAM TUMOM
LST. Mepiana piametpa craHosuna 20 mm (IQR, 20; 25) i 40 mm (IQR, 25; 50); nokycu ageHokapLyHomm BusisneHo y 10 %
i 32 % BUNapKiB y NepLuiv i Apyrin rpyni BignoigHo. BusHaunnum kopensuiHi 38'a3kv Mix nokanisauieto i nigtunom LST; mix
HasIBHICTIO 3MOSKICHWUX 3MiH, PO3MiPOM i MOPPONOTiYHUM TUMNOM YTBOPEHb. 3icTaBHi noka3Huku vytnveocTi (80,0 % /81,8 %
y nepwin i 76,7 % / 80,0 % y apyrii rpyni), AiarHoctnyHoi TouHocTi (93,3 % ans obox metoais y nepuwuii i 84,0 % /86,0 % y
ZPYri rpyni), @ TakoX MPOrHOCTUYHOI 3HAYYLLOCTI BU3HAYMNKW 4151 ONTUYHOTO OLHIOBAHHA Ta LuMnUeBoi Gioncii BignosigHo.
CneuudivHicTb ineHTUYHa, ctaHosuna 100 % y nepuwin i 95 % y apyrin rpyni. Y Bcix Bunagkax p < 0,01.

BucHoBku. LST-G 3miluaHoro tuny yacTille yTBOPIOTLCS Y MPsAMIN Kuwwli, @ nnacki npunigHaTi LST-NG — y nonepekoso-
060708l K1LWLi. HasBHICTb ageHOKapLMHOMM KOPEMnoe 3 MOPONOriyHUM TUMOM TyByno-BiNb0O3HOI afeHOMM Ta BENUKAM
pO3MIpoM YTBOPEHHS, a Benuki LST € yacTiwe TyOyno-Binbo3Humm ageHoMmamun. OnTuyHa Ta wynuesa Gioncis mae BuLly
TOYHICTb ANs HerpaHynsapHoro Tuny LST nopieHsHO 3 rpaHynsipHum. LLunuesa Gioncis He mae nepeBar nepes ONTUYHOL i He
peKOMEHA0BaHa Ans PyTUHHOTO BUKOHAHHSI.

Diagnostic accuracy of endoscopic optical evaluation and forceps biopsy
in comparison with pathohistological findings of colorectal laterally spreading tumors

V. S. Tkachoy, A. V. Klymenko, 0. M. Kiosov

Following the principles of image-enhanced endoscopy and using standardized endoscopic classifications, it is possible to
predict the morphological diagnosis of colorectal neoplasms with high accuracy. The large size and uneven surface of lesion
significantly complicates a thorough examination, and routine biopsy is still widely practiced, despite its drawbacks. This makes
it necessary to compare the results of optical and forceps biopsy and determine the expediency of performing the latter for
different types of colorectal laterally spreading tumors (LST).

Aim. To compare the pit and vascular pattern, determined endoscopically, with histopathological findings in LST, with the
calculation of the diagnostic accuracy of optical evaluation and forceps biopsy. To ascertain the relationship between lesion
size, morphological type, and the presence of malignant changes.

Materials and methods. 80 LST 220 mm were included in the study. Expert image-enhanced endoscopy with NBI and utilizing
Paris, Kudo, JNET and Hiroshima classifications was employed for optical evaluation and stratification of lesions. Target forceps
biopsy was obtained from areas showing the most progressive changes. The data from optical biopsy and the pathohistology
of forceps biopsy specimens were compared with the results of the pathohistological findings of removed LST. Statistics were
calculated in the Statistica 13.

Results. Group 1 comprised 30 patients with non-granular type LST, while group 2 consisted of 50 patients with granular type
LST. The median diameter was 20 mm (IQR, 20; 25) and 40 mm (IQR, 25; 50), adenocarcinoma loci were found in 10 % and
32 % in the first and second groups, respectively. Correlations between lesion localization and LST subtype were assessed,
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as well as between the presence of malignant changes and the size and morphological type of the lesions. Comparative
indicators of sensitivity (80.0 % / 81.8 % in the first and 76.7 % / 80.0 % in the second group), diagnostic accuracy (93.3 %
for both methods in the first and 84.0 % / 86.0 % in the second group), and also predictive values were revealed for optical
evaluation / forceps biopsy, respectively. The specificity was identical and amounted to 100 % in the first and 95 % in the

second group. In all cases, p < 0.01.

Conclusions. Mixed type LST-G lesions occur more often in the rectum, whereas flat elevated LST-NG lesions — in the trans-
verse colon. The presence of adenocarcinoma correlates with the morphological type of tubulovillous adenoma and the larger
size of the tumor; larger LSTs are more frequently tubulovillous adenomas. Optical and forceps biopsies demonstrate higher
accuracy for non-granular types of LST compared to granular types. Forceps biopsy does not confer any advantages over

optical biopsy and is not recommended for routine use.

HoBOyTBOPEHHS TOBCTOI KULLIKW, LLIO MOLLIMPIOKOTLCA NaTe-
panbHo (laterally spreading tumors, LST), MatoTb Hux4ui
noTeHLjan Ao iHBasii B MiACnM30BUiA LLAp MOPIBHSHO 3
MoninonogibHUMM yTBOPEHHAMU; BU3HAYeHa TEHAEHLSA
[0 X NOLUMPEHHS NO MOBEPXHi CTiHKW TOBCTOI KULLKK. Y
pa3i 36inbLUeHHs IXHBOrO PO3MIPY MIABULLYETHCH PUBNK
[OVCNNacTUYHMX 3MiH | ManirHisaLii, KW TakoX 3anexuTb
Bi[ nokanisaLlii Ta MakpoCcKoniYHo-MOpOOriYyHOro TUmy
LST[1].

Bpaxosytouu, Lo 4OBPOSKICHI HOBOYTBOPEHHS TOB-
CTOI KULLKK 30e6inbLIoro 6e3CMNTOMHI, a KOMM' KOTEPHA
TOMorpadis Ta ynbTpasBykoBe AOCHIIKEHHS MalTb
HU3bKy YYTNMBICTb LWoAo AiarHocTukm LST, ockinbku
BOHW He MatoTb TKAHUHHOTO KOMMOHEHTAa, sikuiA Nponadye
Y MPOCBIT KWLUKW, TO OCHOBHWUM [iarHOCTUYHUM METO-
[OM € CKpWHIHroBa KonoHockonis. BigeokonoHockonis
XapaKTepu3yeTbCs BUCOKOK PO3AINbHOK 34aTHICTHO
300paxeHHst; poboye CKPMHIHIOBE ONTUYHE 30iNbLUEHHS
306paxeHHs — y 30-150 pasis, y pasi BUKOPUCTaHHS
eHpouuTockonie — y 520-1400 pasis, wo ctae we
GinbLUMM 3aBASAKW 3aCTOCYBaHHIO NMPEnpoLECHHTy Ta
AKiCHUX MoHiTOpIB [2,3,4,5]. Lle pobutb MoxXnMeum ornsig,
SIMKOBOTO PUCYHKY, LLIO YyTBOPIOETHCS OTBOPAMI OKPEMUX
KULLKOBUX KPWUMT, CYOWHHOTO PUCYHKY Kaninspis Ta ix
NaTonorivyHMX 3MiH.

EHpockonist 3 nokpalleHnm 306paxeHHsm (image-
enhanced endoscopy, IEE) — komnnekc meTogis, Wwo
nepenbayae BUKOPUCTaHHS BiTanbHUX GapBHUKIB Ans
XpOMOcKonii, BipTyarnbHOI XPOMOCKOMii Ta Pi3HMX OnThy-
HUWX, ENEKTPOHHMX TEXHOMOTIM, CNPSMOBaHMIA Ha Nonin-
LUEHHS BidyanisaLii SMKOBOTIO naTepHy, MiKpOBaCKyNspHOi
CTPYKTYpPU Ta OTPUMAHHS BUCOKOKOHTPACTHWUX €HOO0CKO-
niyHuXx 306paxeHs [6]. IEE pekomeHgoBaHa 4O PYTUH-
HOTO 3acTOCYBaHHSI €BpONecbKMM, AMEPUKAHCHKUM,
A3iaTCbKMM Ta iHLIXMK EHAOCKOMIYHUMI TOBApMCTBaMM
Y BiANoBigHUX ragnanHax [6,7,8].

3o0paxeHHs, oTpumare 3a gonomoroto IEE, iHogj
HasuBalTb onTuyHow Gioncieto (optical biopsy) [7].
BukopucToBytouM cTaHO4apTU30BaHi eHAOCKOMIYHI Kna-
cudikauii, MoxHa 3a ouiHKo |[EE 3 BUCOKOK TOYHICTIO
nependaqnT1 NaToMopOnorivHNIA JiarHo3 KOrlopeKTanb-
HUX HOBOYTBOPEHb. HWHi peTenbHoMy ornsay 3 ONTUYHO
Gioncieto HagawTb nepesary WoAo Wwunuesoi Gioncii,
SKLLIO HEMaE NPUMNYLLEHHS NPO BUHUKHEHHS! iIHBA3UBHOTO
paky [8,9,10,11]. BTim, BUKOHaHHS WmnLeBoi Gioncii Bce
LLie Ay>Ke noLuMpeHe, He3Baxaroun Ha ii Hegoniku.

Bigomo, L0 eHaocKoniYHe OLHIOBaHHS He 3aBXau
KOpentoe 3 maToricTonoriyHnmMm 3Haxigkamm. Xova
3 PO3BMTKOM €HOOCKOMNIYHOI amapaTypw 4yTnuBiCTb
ONTUYHOIO METOZY ICTOTHO 3pOCra, OCTATOYHMIA AiarHo3
MOXe Biflpi3HATMCA Big nonepeaHsoro. Lie moxe Bytu
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MOB’13aHO 3 HeMpaBWIIbHOW iHTeprnpeTauieto 306pa-
XEHHS1 eHO0CKOMICTOM, BifiCYTHICTI0 @00 HEMOXIMBICTIO
peTenbHOro ornsAy BCiX YaCTWH YTBOPEHHS. FAKLLO
nroLia yTBOPEHHs BENuka, Noro OLHIOBaHHA NoTpe-
6ye binbLue yacy, NiaBMLLYETLCS IMOBIPHICTb TOTO, LIO
Oyne NponyLLeHnii ocepeaok i3 BinbLL NPOrpecuBHUMA
3miHamm [12].

lMopiBHAAHHS JaHWMX ONTUYHOI Gioncii Ta wunuesol
6Gioncii 3 mikpodhoTorpadisimu natoricTonoriyHMx 3pisis
JouinbHe Ansa aHanidy BUNagakis po3bikHOCTEN AiarHo3y
Yy MauieHTIB i3 NyXMMHaMM TOBCTOI KULLKK, LLO MOLUMPHO-
I0TbCS NaTeparnbHo.

Merta po6otu

lMopiBHATM €HAOCKOMIYHO BU3HAYEHUI AMKOBUI NaTEPH i
CYAVHHWIA PUCYHOK i3 NaTOriCTONOMNYHNMI 3HaxigKamm y
LST, BU3HA4MTL [iarHOCTUYHY TOYHICTb METOAVK ONTUYHO-
ro OL|iHIOBaHHSA Ta LuMLeBoi bioncii. OLiHUTY 3B’A30K MiXX
PO3MipOM, MOPONOriYHUM TUMOM YTBOPEHB | HASIBHICTIO
3MOSKICHIX 3MiH.

Martepianu i meToAM AOCAIAKEHHA

[o pocnigpxexus 3anyunnu 80 nauieHTis i3 LST po3mi-
pom noHag 20 mm. [aHi ogepxanu peTpocnekT!BHO 3a
nepiog 20152021 pokw i npocnekTueHO 3a 2022-2023
poku. FAKLWO B nauieHTa BUSIBMEHO Binblue HiXk ofHe
LST, nig yac gocnimKkeHHs aHanisyBany HOBOYyTBOPEHHS!
6inbLUOro po3mipy.

KpuTepii BUKMIOYEHHS 3 JOCMIMKEHHS — BiK MEHLUe
HiX 18 pokis, eHAoCKonNiYHi 03Hakv rmubokoi iHeasii [13],
[iarHoCTOBaHWIA 3M0SIKICHUI NPOLEC iHLLOI JIokanisauii,
HasIBHICTb MPOTMMNOKa3aHb A0 BUOANEHHS YTBOPEHHS,
cuHapom JliHya.

MauieHTiB noginunu Ha 2 rpynu BiANOBIAHO 4O
MakpockoniyHo-mopdpornoriyHoro tuny LST. Tak, pos-
pisHstoTb rpaHynsaprui Tun LST (LST-G), wo Bknovae
rpaHynsipHuiA romoreHHwi nigtun (LST-G-H) i rppanynsp-
HWA 3amianun nigtun (LST-G-M), Ta HerpaHynsipHui Tun
(LST-NG), no sikoro Hanexatb HerpaHynspHWiA NNackui
npunigHaTui nigtun (LST-NG-FE) i HerpaHynsipHwi nig-
Tvn i3 ncespogenpecieto (LST-NG-PD) [1,13,14].

[insa BisyanbHOro OUiHIOBaHHA HOBOYTBOPEHbL Mif
yac KonoHockonii gotpumysanucs npuHumnis 1EE [3],
BMKOHaHO BipTyanbHy XPOMOCKOMi0 i XpOMOCKOMIt0
PO34YMHOM iHAMrOKapMiHy. s onncy MakpoCKOMNiYHOro
mopdonoriyHoro Tuny LST 3actocysanu MNapuabky
eHgockonivHy knacudikauito Heonnasin [14,15], ans
OLiHIOBaHHS 1 OMUCY SIMKOBOTO MaTepHy — knacudika-
uito Kudo [16], apXiTEKTOHIKM CyANH — €HOOCKOMIYHY
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Tabauusa 1. XapaktepucTukin HOBOYTBOPEHb

Nowann ________________________|Nlepua rpyna (LSTNG) fiyra royna (LST-0)

Po3wmip, Mm
Jlokanisauis
Mpsma kuwka, n (%)

20 (IQR, 20; 25)*

PektocurmoigHuii BurvH, n (%) -

CvrmoBuaHa kuwwka, n (%)

Hu3axigHa kvwwka, n (%)

MonepekoBo-060A0Ba kuLuka, n (%)

BucxigHa kuwwka, n (%)
Cnina kuwka, n (%)

2 (6,67 %)
1(3,33 %)
14 (46,67 %)
10 (33,33 %)
3(10,00 %)

MopdonoriyHuin TMn yTBOpeHHs

Ty6ynsipHa ageHoma, n (%)

Binbo3Ha apeHoma, n (%)

Tybyno-Binbo3Ha ageHoma, n (%)

linepnnactuynmi, n (%)
3y64acrta ageHoma, n (%)

20 (66,67 %)
1(3,33 %)

5 (16,67 %)
4(13,33 %)

40 (IQR, 25; 50)*

25 (50,00 %)
2(4,00 %)
3(6,00 %)
1(2,00 %)

3 (6,00 %)

7 (14,00 %)
9 (18,00 %)

16 (32 %)
1(2,00 %)
32 (64,00 %)
1(2,00 %)

LST-NG: HerpaHynsipHuit TN HOBOYTBOPEHb TOBCTOI KMLLKW, LLO NOLUMPIOIOTLCS natepanbHo; LST-G: rpaHynsipHuMi TMN HOBOYTBOPEHb TOBCTOI KULLIKY, LLIO NOLUMPIOKOTLCS NaTepanbHo;
*1 3HaYeHHs € MefjiaHo (MKKBAPTUNBHWIA iHTEpBan).

108

Knacudikauis CyanHHOTO PUCYHKY KOMOpeKTanbHUX
HOBOYTBOPEHb Y By3bkoMy cnekTpi (Japan NBI Expert
Team Classification, JNET) [17], a Takox y3aransHeHy
Hiroshima classification [18].

Micna ornagy M OLiHIOBaHHSA BCi€i MOBEPXHi YTBO-
PEHHS BUKOHANN MPULINbHY LWUnUeBy Gioncito 3 AiNsHOK,
L0 BUKIUKanM Halbinblue cymHigiB. [Micns oTpyMaHHs
pesynerartie natoricronoriyHoro gocnimkenHs (M) yrso-
PEHHs BUAaneHi eHgockoniyHo. LLinsxom eHpockonivHoi
pesekuii crnusosoi (EMR) 26 (32,50 %) LST supaneHi
eanHum 6nokom; 33 (41,25 %) — wnsaxom noetanHoi
¢parmeHTtapHoi EMR (pEMR); 13 (16,25 %) — wnsxom
eHpockonivHoi nipcnm3sooi aucekuii (ESD); 8 (10,00 %)
— i3 3acTOCyBaHHsIM MeToawky ribpuaHoi ESD.

Peaynbtatin BidyanbHOrO OLiHIOBAHHA N 4ac eH-
gockonii Ta gani M wmnuesoi Gioncii nopiBHsM 3
pesynstatamu MM BuaaneHux LST. [ns oTpumaHHs
MikpodoTorpadii Bukopuctanu Mikpockon «ZEISS Primo
Star» 3 kamepoto «Axiocam 105 colory.

KpuTepii xi-kBagpaT 3i CKOPUroBaHUMM 3anmiukamm
3 nonpaekoto BoHgeppoHi abo TouHui TecT dillepa Bu-
KOpUCTanu Ans BU3HAYEHHS 3B'A3Ky MK KaTeropiiHumm
3MiHHUMU. KoediuieHT lMipcoHa obuncnunm ans BusHa-
YEHHS KopensLinHOro 38’a3ky. Pesynbratyt onpavtosanu
3a gonomoroto nporpamu Statistica 13 (niueHsinHun
Homep JPZ8041382130ARCN10-J).

PesyAbTati

[o nepuwoi rpynu 3anyyunu 30 (37,5 %) nauieHTis i3
LST-NG (puc. 1 A-F); po opyroi - 50 (62,5 %) xBopwX i3
LST-G (puc. 2 A-F). Y nepLuii rpyni AoMiHyBaB migTun
LST-NG-FE (24/30, 80 %) (puc. 1 A-C), y ppyrin — LST-
G-M (36/50, 72 %) (puc. 2 D—F).

Y mabnuui 1 HaBegeHo BnactueocTi LST.

3a paHumu, Wo HaeedeHi B mabnuyi 1, mepia-
Ha MakCUManbHOro giametpa HerpaHynspHux LST
(20,00 £ 0,67 Mm) BABIYi MEHLLA 32 NOKA3HVIK rPAHYNSAPHNX
LST (40,00 £ 1,31 mm). BinbLuicTb HOBOYTBOPEHDL Herpa-
HynspHoro Tuny (27/30, 90 %) BusBvnv y NpaBwx Binginax
TOBCTOrO KWLLIEYHMKA, Ha BiZMiHY Bifj rpaHymnsipHoro Tmny,
3 Akux GinbLue Hix nonosuHa (31/50, 62 %) yTBOopeHb —y
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niBux Bigginax. BcTaHOBNEHO CTATUCTUYHO 3HAYYLLWiA
KopensLiHMiA 38’30k Mixk nigTunom LST i nokanisavieto
B TOBCTiN kuwwi. Tak, LST-NG-FE pocToBipHO yacTiue
YTBOPIOKTLCA Y nonepekoBo-060a08il, a LST-G-M —y
npsmin kuwyi (p = 0,000014).

[NopiBHABLUKM pesynbTaTi NaToricToNoriYHoro 4ocni-
[PKeHHs B 060X rpynax, BU3HaYMnu: y nepLuiv rpyni nepe-
Baxxae MopdonorivHuii Tvn Ty6ynspHoi ageHomm (20/30,
66,67 %), y apyriii — TyGyno-Binbo3Hoi ageHomm (32/50,
64,00 %). BctaHoBunm npsimy KopensiLito cepenHboi cunm
MK BEMVKIM PO3MIPOM YTBOPEHHS i Ty6yno-Binb0o3HNM
MopdonoriYH1m TUnom (koedpilieHT kopensuii MipcoHa,
r=0,503; p <0,001).

3a faHnmu, LWo HaBeadeHi Ha puc. 3, y noHaz noro-
BUHI HerpaHynspHux LST (16/30, 53,34 %) He BusiBneHo
avcnnactuyHux 3miH, y 10 % Bunapgkis AiarHOCTOBaHO
afeHOKapLMHOMY «Ha MiCUi». Y Apyrii rpyni NoKycu
afieHokapLHoMM Bu3HadveHo y 32 % (16/50) BupaneHunx
LST-G, 6e3 gucnnasii — nuwe 22 % (11/50) yTBOpEHD.
HasiBHiCTb afleHOKapLWHOMU Mae MpsMy Kopensiuito
cepenHboi cunm 3 TyGyno-Binbo3Hum Tunom (r = 0,427,
p < 0,001), cnabko Kopentoe 3 BEMNKM PO3MipOM YTBO-
peHHs (r = 0,223; p < 0,05).

3a JaHnMmu, Lo HaBeadeHi B mabnuui 2, aiarHocTu4Ha
TOYHICTb, YyTIMBICTb, CNELMMIYHICTL | NPOrHOCTUYHA
3HaYYLLICTb NO3UTUBHOTO Ta HEFATUBHOIO PE3yrLTaTiB Ans
ONTUYHOTO OLLiHIOBaHHS 3iCTaBHi 3 BiAMNOBIQHMMM MOKa3-
HUKaMK Ans WMnueBoi 6ioncii i B nepLuin, i B Apyri rpyni.
PisHuus vyTtnueocTi y nepuwi rpyni craHoeuna 1,8 %, y
apyrin — 3,3 %; AiarHocTU4HOT TouHOCTi — 2 % y Apyrin
rpyni Ha KopuCTb LuMNLeBoi Bioncii. Bpaxosytoun obcsar
BUOIPOK, Ui BIAMIHHOCTI HE € CTAaTUCTUYHO 3HAYYLLIMMU.
HeraTvBHe NpOrHOCTUYHE 3HaYeHHs i diarHOCTUYHa
TOYHICTb 060X METOZIB AiarHOCTVKM BULLL Y NepLUil rpyni;
Lie NOB’sI3aHO 3 BinbLLIO0 YaCTKOK XMOHOHEraTMBHMX pe-
3ynbTaTiB y Apyrin rpyni (ouiHoBaHHsA LST rpaHynsipHoro
Tuny). OTxe, BU3HAYEHO 3arafibHy BuULLy e(eKTUBHY
3AaTHICTb LIMX METOZIB MPaBUIIbHO AiarHOCTyBaTU BiACYT-
HicTb Aycnnasii abo paky «Ha MiCLLi» ANt HErpaHynsipHOro
MOPIBHSIHO 3 PaHYNAPHNM TUMOM MyXIMH TOBCTOI KULLIKW,
LLIO MOLLMPHOKOTLCA NaTeparbHo.
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Puc. 1. LST-NG. A: 25 mm 0-lla HerpaHynsipHe nnacke npunigHsiTe HOBOYTBOPEHHSI NonepekoBoi 060A0BOI KMLLKM, LLO NOLIMPHETLCS NatepanbHo, ornsg y Ginomy caitni 3
Xpomockonieto iHaurokapMiHom; B: y Byabkomy cnekTpi csitna (NBI) BUOHO roMOreHHWUA SIMKOBWIA i PErynsipHui CyaMHHWIA naTepH; C: natoricTonorisi nokasana TybynspHy
afleHOMY 3 HU3bkuM cTyneHem aucnnaaii, H & E, x100; D: 25 Mm 0-lla+c HerpaHynsipHe HOBOYTBOPEHHS CAINOT KULLKW 3 NCEBLOAENPECIEID, LLO MOLIMPIETLCS NaTepasnbHo;
E: nig vac ornsagy B NBI BusiBNeHo AinsHkW, Ae SMKOBOTO PUCYHKY HEMAE, CYAVNHHUIA — HEPEerynapHuii i cteptui; F: natoricTonoris BusiBuna Hu3bkoaugepeHLiosaHy aae-
HokapuuHomy, H & E, x40.

2A 2B

Puc. 2. LST-G. A: 25 mm 0-Is rpaHynsipHe roMoreHHe yTBOPEHHSI CRIiNOT KULLKW, L0 MOLUMPHETLCS NaTepanbHo, ornsg y 6inomy cBiTri 3 XpoMockoniet iHAUrokapMiHOM;
B: y By3bkomy cnekTpi ciTna (NBI) BULHO roMOreHHMI CyauHHWIA | SMKOBWIA naTepH; C: natoricTonoris nokasana Ty6yno-Binbo3Hy ageHoMy 3 AUCMNasielo HU3bKOro cTyne-
Ha, H & E, x40; D: 60 Mm 0O-Is+lla rpaHynsipHe 3miluaHe yTBOPEHHS NPAIMOT KULLKM, L0 NOWMPOETLCS natepanbHo; E: y NBI BisyaniayeTbcst HeperynsipHuid nepepueyacTuii
naTepH kaninspis; F: natorictonorisi Busisuna Ty6yno-Binbo3Hy ageHoMy 3 AWUCNNa3ield BUCOKOMO CTyNeHst i AinsiHkaMu mManirHisauii 3a TMnom nomipHo audeperLiiioBaHoi
apeHokapunHomu, H & E, x40.
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Tabauuga 2. MoKasHWKM AiarHOCTUYHOT TOYHOCTI ONMTUYHOTO OLiHIOBAHHS Ta LWMNLEBoi Gioncil

YyTtnusictb Cneumdivnicte | Mo3uTtusHe Heratuexe [iarHocTuyHa p-3HaYeHHs
NPOrHOCTUYHE 3HAYEHHAI | MPOTHOCTUYHE 3HAYEHHSI | TOYHICTb

1 rpyna (LST-NG)

OnTUYHE OLIHIOBaHHSA 80,0 % 100,0 % 100,0 % 90,9 % 93,3 % 0,0002
LLiunuesa Gioncis 81,8 % 100,0 % 100,0 % 90,5 % 93,3 % 0,0002
2 rpyna (LST-G)
OnTHyYHE OLHIOBaHHS 76,7 % 95,0 % 95,8 % 73,1 % 84,0 % 0,0022
LLnnuesa Gioncis 80,0 % 95,0 % 96,0 % 76,0 % 86,0 % 0,0035
3 I
pyna 1 (LST-NG) lpyna 2 (LST-G)

3;10 %

B be3 aucnnasii
Low-grade
m High-grade

AfeHokapumHoma

Puc. 3. HasBHicTb Ancnnasii / paky «Ha MicLii» y BufaneHux Heonnasisix, BignoBiAHO A0 NaToriCTONONYHOI0 BUCHOBKY.

06roBopeHHA

Axwo LST mae Benukuii po3mip, eKCnepTHWUIA ornsig
notpebye Barato Yacy i 4acTo ycknagHEHUIA KOHTAKTHO
KPOBOTOYMBICTIO @b0 HepiBHOMIPHOK MOBEPXHEID YTBO-
PEHHS, WO XapaKTepHO ANs rpaHynsipHOro 3millaHoro
Tmny LST, konu ocepenok i3 HanbinbLL NporpecuBHUMM
aucnnacTuYHMMKM 3MiHammu abo manirdisadieto 4yacrto
NPUXOBaHMI Mixk YaCTUHAMM YTBOPEHHS, LLIO BUCTYNAIOTb.

BinbLwicts LST-G-M (27/36, 75 %) knacudikoBaHo sk
TybYyno-Binbo3Hi ageHoMW. BoHW MatoTb OB BOPCUHKM
i 3paTHi NpoAyKyBaTW BENWKY KiMbKICTb CAM3Y, Lo Lie
6inbLue ycknagHoe ornsag 6yrpuctoi HepiBHOT MOBEPXHI
LST-G-M. Y pesynbrati 4OCTIMKEHHA BU3HAYMIN KOpe-
NALiAHI 3B'A3KM MiXX PO3MIPOM YTBOPEHHS, MOPEONOoriy-
HUM TVMOM TyOyno-BinNbO3HOI afeHOMMU Ta HasiBHICTIO
afeHokapuuHomu. Lli gani 36iratotbesa 3 pesynsratamu
nonepeaHix gocnimkeHb. Tak, y poborti S. Vosko et al.
MOKa3aHo: LUAHCK He MOMITUTM ONTUYHI 0COBNMBOCTI,
BNACTVBI A4S paKy «Ha MiCLli», 3pOCTatoTh 3i 3BibLUEHHSM
oL noBepxHi ypaxxeHHs [12]. Y pocnigkerHi N. Shahidi
et al. BCTaHOBINEHO, L0 po3mip Heonnagzii, nokanisauis B
pekTocurmi Ta 3milaHa Mopdosnoris — HesanexHi gak-
TOpY, acoLinoBaHi 3 NPUXoBaHUM ocepeakom paky [19].

3rigHO 3 JaHWMMK, WO oaepXanu, rpaHynspHi Ho-
BOYTBOPEHHS 3MiLLIAHOTO TUMY YacTille YTBOPKOKTLCS Y
NPSIMINA KULLIL, @ HerpaHynspHi nnackoro NpunigHAToro
TNy — B nonepekoBo-060a0Bii. 3-nomix LST rpaHy-
nsipHoro Tuny (GinbLIiCTb BUNAAKIB BUSBASAOTL Y NiBUX
BiZLiNax TOBCTOI KMLLKW) 3Ha4HO GinbLia YacTka yTBOpeHb
Mae TiCTOMOrito 3 NPOrpecUBHUMK 3MiHamm (aucnnasis
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BICOKOro cTyneHst abo ageHokapuyHoma) — 60,0 % npotu
33,3 % Bvnagkis y Apyrin i nepwin rpyni BignosigHo. Lie
MOB’I3aHO B TOMY YMCHi 3 Pi3HULEIO TPpyn 3a po3Mipamu
yTBOpeHb. HaBedeHi AaHi BignoBigalTb BiJOMOCTSAM
dhaxoBoi niTepatypu, Ae nokasaHo: pU3nK PO3BUTKY
paKy y aucTanbHUX Bifainax KUWEeYHWKa 3Ha4YHO BULLNIA
MOPIBHAHO 3 MpoKcuManbHMK Bigdinamu [19], a LST-G
i LST-NG yTBOPIOIOTECS PI3HUMM LNSXaMU FEHETUYHNX
MyTaLjiA, L0 NPU3BOAWTL 40 BUHUKHEHHS MOPOMOTiYHO
NOAiGHMX MyXMWH i3 Pi3HUMK MOMEKYNSPHUMI XapaKTe-
puctukamu [20].

Xoya LST-NG-PD matoTb HaiBULLMIA NoTeHLian [o
manirHisanii [19], i, MOXNMBO, HU3bKWIA BiACOTOK LMX
yTBOPeHb 3-nomix LST, Wwo B1AansoTb eHJ0CKOMIYHO,
3yMOBMEHWIA LLIBWAKOIO iHBA3IEK y MMOLLI Lapy CTiHKM
KWLLKW, ane BUSIBMEHHS 03HaK rm1OoKoI iHBasii, a oTxe
i cTpaTudikauia nauieHTa B NeBHy rpyny pusuky i Bubip
MeToZy €HAO0CKOMIYHOTO YW XipypriyHOro BUAANEHHS
HancknagHiwi came y LST-G-M [11,21]. Moka3Huku
€(heKTMBHOCTI AiarHOCTUKM O ONTUYHOO OL{iHIOBAHHS
HWXYi ONst rpaHyNSpHOrO TUMY MOPIBHSHO 3 HerpaHy-
nsipHUM. [ocnimkeHHa Ha Benukux BMGIpkax nawieHTiB
rnokasanw iCToTHi PO30KHOCTI 3@ MOKa3HMKaMu Yy TRMBOCTI
(HerpaHynspHuii — 90,9 %, rpaHynspHun — 52,7 %) Ta
iHwumn napametpamu [12]. Li gani novactn He 3Gira-
I0TbCS 3 pesynbratamu, Lo ofepXkanu nig yac HaLloro
[OCRIIKEHHS!, 1€ HEeraTMBHE MPOrHOCTUYHE 3HAYEHHS |
[iarHOCTYHA TOYHICTb ANS rpaHynspHOro TUMY 3Ha4YHO
HW>KYI, arne NoKasHWKW YyTIMBOCTI Y rpynax Maiixke opHa-
koBi. Lle moxe ByTv noB’si3aHo 3 kpuTtepiamu noainy Ha
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rpynu, 60 rpyna HopynsipHUX BENUKUX HeNneayHKynspHAX
KonopeKTanbHyX noninie [12] 3a cBoiMu xapakTepucTuka-
mu Bignosigae LST-G-M [1,14], a B HaloMy JOCTILKEHHI
y rpyny rpanynspHux LST skntounnu LST romoreHHoro
TWNY, OMNAA AKWX HE MOB'S3aHWIA i3 NepeLlKogamm, LWo
BNACTUBI ANs 3MiLLaHOro Tmny.

3icTaBHa e(heKTUBHICTb ONTUYHOI Ta WMNLEBOIi Bioncii
CBIZYMTb NPO B3AEMHY 3aMNeXHICTb LMX AiarHOCTUYHUX
meTogis. Bpaxosyroum goTpumanHs npuHumnis IEE, wmn-
LieBy 6iONCito BUKOHYHOTB Mif KOHTPOMIEM 30pY NPULINBHO 3
LiNsiHOK YTBOPEHHS! 3 HaWBIiNbLL NPOrpecyBHUMY 3MiHaMW
SIMKOBOTO i CyOWMHHOTO MaTepHy. Tomy, SIKLIO O0Cepenok
TaKUX 3MiH He BU3HAYEHWI Ha MOBEPXHI, 3 BUCOKOH iMO-
BIpHICTIO y HbOMY He Byae BuKoHaHa Gioncis. Kpim Toro,
iHoZi B3sITTS GionTaTy 3 HEBENMKOI AiNSHKM 3MiH NOB'A3aHe
3 TEXHIYHMM CKNaHOLLAMM | MOXe, 3a AaHUMM OKPEMIX
AOCnimKeHb, BUKNMKaTh (hibpos; Lie NOTEHLINHO yecknag-
HIOE HaCTyMHe eHOCKOMIYHE BUAANEHHS. 3a3Haunmo, Lo
LmnueBa Gioncisi, BpaxoBytoumn HEBeNWKWiA 06'em GionTa-
Ty, HE ;A€ 3MOTU OLHUTM IMBUHY iHBa3ii, TOMY N1LLe Tz
BMNMBAE Ha PiLLIEHHS LWLOAO0 BeAeHHs nauieHTa Hagani [11],
KONnM Bigpi3HATLCS ONTUYHWIA €HAOCKOMIYHWIA BUCHOBOK i
nani NI Gioncii, sIKLLO B GionTaTi BU3HAYeHa ricTonoris 3
nporpecnBHUMM 3miHamu (y 5 % (4/80) Bunagkis).

3a gaHuMun HaykoBOI NiTepaTtypu, BUpaskyBaHHs LST
BU3HaYeHe Ak 0Ha 3 03HaK rmMmnbokoi iHBasii, € nokasaH-
HSIM [0 XipypriYHOro, @ He eHAOCKOMIYHOrO BUAANEHHS!
[13,21]. Tomy Taki HOBOYTBOPEHHS HE BKMOYanm Ao
JoCnifXeHHs, Wo 3aincHunu. BTiM, y ABOX nauieHTiB
nig Yac nepegonepainHoro ornsay, a 'y TPbOX XBOPWX
32 JaHUMU PETENbHOrO AOCTIMKEHHS! BXE BUAAMNEHNX
Heonnasii BUSIBUNM OiNsiHKM NOBEPXHEBOIO EPO3YBaHHS!
Cnn3oBoi 060MnoHku. MNaToricTonoris nokasana HasiBHICTb
afileHoKapLyHOMK Y AinsHKax, Npunernvx 4o epoasii y BCix
n’'saTv Bunagkax. Lie aae ninctasy npunyckaty, WwWo eposy-
BaHHS! MOXe MaTu 3B's30K i3 iCTONOriE 3 NPOrpecBHUMM
3MiHaMK §IK BisyaribHa O3HaKa OCEPEOKOBOrO HEKPO3y,
L0 MOYMHAETBLCS | SKWMIA BUAHO Ha Mikponpenapartax.
HepocTatHii 0bcsar gaHuX YHEMOXITMBIIOE CTaTUCTUYHIA
aHani3 gaHux, wob niaTeepamTit OOCTOBIPHICTL LIbOrO
NPUMNYLLEHHS.

BucHOBKU

1. NigTun LST 3anexuTb Big nokanisauii: LST
rPaHyNsSPHOTO 3MILLAHOTO TUMY YacTille YTBOPKKTLCS Y
NPSIMIN KWL, 8 HerpaHynspHi nnacki npunigHaTi LST —
NepeBaXHO Y NonepekoBo-0600BIN KNLLILL.

2. LST 6inbLuoro po3mipy yacTille € Ty6yno-Binb03-
HUMW ageHoMaM. HasiBHICTb aieHOKapLIMHOMM KOpere
3 MopcponoriYH1M TMNoM TyOyno-Binbo3HOI afeHoOMM Ta
BEMVIK/M PO3MIPOM YTBOPEHHS.

3. MonTuuHa, i wunuesa Gioncist XapakTepuayeTbes
BLLIOKO AiarHOCTUYHOK TOYHICTHO | MPOrHOCTUYHOK 3Ha-
yywictto ans LST-NG nopisHsiHo 3 LST-G.

4. Wwnuesa Gioncist He Mae NepeBar nepes onTuy-
HUM OLHIOBAHHSM i rPaHYMSAPHIX, | HerpaHynsapHux LST.
Ii pyTUHHE BUKOHAHHS He [oLinbHe.

MepcneKTUBU NopaAbLLIMX AOCAIAXKEHb MONAralTb
B OLiHIOBaHHI BigAaneHux pesynsratiB pisHUX MeTOAIB
€HJOCKOMIYHOr0 BMAANEHHS MyXJIMH TOBCTOI KWLLKK,
LU0 MOLUMPOKTLCS NaTepasibHo, a TakoX BU3HAYEHHI

Maronoris. Tom 21, Ne 2(61), TpaBeHb — cepneHb 2024 p.

OpwuriHaAbHiI AOCAIAXKEHHS

€HA0CKOMIYHOI KnacudikaLlii, Lo HAaNTOYHILLE NPOrHO3ye
pesynbratv natoricronorii LST.
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BnAuB noAimop¢iamy reHa aHrioTeH3UHNEepPeTBOPOBAALHOIO pepMeHTy
Ha nepe6ir apTepianbHoi rinepreHsii y noeaAHaHHI 3 LykpoBUM AlabeTom

2 TMNY Ta epeKTUBHICTb aHTUrinepTeH3UBHOI Tepanii

0. B. AAb-TpaBHex®*ABCRE T M. TuxoHoBa®PEF, |, B, LLlon®EC

XapKiBCbKMI HaLlioHaAbHUI yHiBepcuTeT imeHi B. H. KapasiHa, YkpaiHa

A - KoHLenLis Ta AM3alH AOCAIAKEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis paHux; D - HanucaHHs cTatTi; E - peaaryBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

Meta po60oTi — BCTaHOBMTM BMVB NONiMOPi3My reHa aHrioTeH3MHNEPETBOPOBarbHOMo drepmeHTy (AlP) Ha ocobnmsocTi

KatouoBi croBa:

nepebiry 1 eheKTUBHICTb aHTUMNEPTEH3VBHOI Tepanii 3 BUKOpPUCTaHHsAM iHribiTopa AM® nisvHonpuny Ta 6eTa-agpeHobnokatopa  OAHOHYKAEOTUAHMA
KapBeaunosy B NauieHTiB i3 koMopbigHicTio apTepianbHoi rinepTeHaii (Al) Ta uykposoro aiabety (L) 2 Tuny. NOAIMOPdI3m
- . . L . - reHa, aHrioTeH3nH-
Marepianu i metoau. [locnimxeHHs 3aincHnnv Ha 6asi BinaineHHs apTepianbHoi rinepTeH3ii Ta 3axBoptoBaHHs HUpok Y «Ha- .
. . N . p X o nepeTBOPIOBAAbHUI
LioHanbHWiA iHCTUTYT Tepanii imeHi J1. T. Manoi HAMH Ykpaituy. [lo gocnimkeHHs 3anyumnm 106 nauienTis 3 Al 2 ctynens, |l depMeHT
cragii Ta LU 2 tuny. CepepHiii Bik 06CTexeHux ctaHoBuB 54,3 + 5,3 poky. MavuieHTis noginunu Ha Tpu rpynu. o nepLuoi rpynu -~
' . . . aprepiaAbHa
3anyuunu 48 obectexeHux i3 reHoTunom A/A nonimopdHoro mapkepa 2350 A/G rena AlN®; go gpyroi rpynu — 22 XBOpUX i3 rinepreHain
reHoTunom A/G; fo TpeTboi — 36 0cib i3 reHoTnom G/G. [Ans fOCTigKEHHS OBHOHYKNEOTUAHOTO noniMopdiamy Mapkepa 2350 LyKpOBMI '
A/G rena AMN® sukopuctanu [HK neikouuTis nepucepnyHoi KpoBi. Ak aHTUriNepTeHanBHY Tepanito NpuaHauMnm KoMbiHaLio Alaber 2 Ty,
npenaparis — Ni3MHONPWI i KapBeauIon. aHTUrINEpTEHIUEHA
PesynbTati. BusHaunnv npsivi kopensiitHi 38'si3ki Mix reHotunamu A/G | G/G oHOHYKneoTuaHoro nonimopdiamy 2350 A/G  Tepanis.

reHa Al® i3 nigsuwweHnm iHgekcom macu Tina (IMT; p < 0,001), BALMMK PIBHAMM CUCTOMNIYHOTO Ta AiacToNIYHOro apTepi-
anbHoro Tucky (AT; p < 0,001), nigsuiLennm pisHem rmikemii HaTLle (p < 0,05), iHaekcom HOMA-IR (p < 0,05), niasuiueHnmm

Naronoris. 2024.

PiBHAMM NiNONPOTEIHIB HU3LKOT WinbHocTi (p < 0,05) Ta Tpurniuepuais (p < 0,05) y kpoBi. BcTaHOBMNM NO3NTUBHI KOpensauiiHi  T.21, Ne 2(61).
3B'A3KN LMX MONIMOpdHiaMiB i3 MigBULLEHHAM iHAeKCy Macu Miokapaa niBoro wyHodka (p < 0,001). Micrs nikysaHHs B ycix G- 113119
naLieHTiB BU3HAYWUIM [OCTOBIPHE 3HWKEHHS i cucToniyHoro, i aiactonivyHoro AT (p < 0,001). 3adbikcyBanu ctaTUCTUYHO *Emall
3HauyLLe 3MEHLLEHHS! iHAeKCY Maci Miokapaa nisoro wiyHodka (p < 0,001) B ycix rpynax XBopux. SMEHLIEHHS [nepTpodii oo o
Miokapza niBoro LWnyHoYKa CTaTUCTUYHO BUPAXKEHILLE B NALIEHTIB i3 reHoTUnom A/A NopiBHAHO 3 XxBopyMM 3 reHoTunaMn AIG  arazinua

i G/G (p < 0,05). Y TpbOX rpynax nauieHTiB Mig BNAMBOM AieToTepanii Ta BHacnifok MeaykaMeHTO3HOro ikyBaHHs! Bigbynocs
focToBipHe (p < 0,05) 3HuxeHHs IMT. MopiBHABLUM rpyny XBOPUX, BUSHAYUIH, LLIO HAMICTOTHILLE 3HWUXEHHS LibOro NokasHuka
B AMHaMiLli nikyBaHHs 3adpikcoBaHo B 0cib 3 A/A reHOTMNOM. BusiBuniu JOCTOBIPHE 3HWXEHHS PIBHIB MHOKO3M KPOBI HATLLE,
iHaexkcy iHcyniHopeauctenTHocTi HOMA-IR i mapkepis ateporeHHoi aucninigemii B nauienTis i3 reHotunamu A/A, AIG i G/IG
(p < 0,05). 3HWKeHHs piBHA iHCyniHOpeaucTeHTHOCTI (IP) y nauieHTiB micns NikyBaHHS B YCiX rpynax AOCMIMKEHHS Marno nosu-
TWBHI KOPENALiNHI 3B'A3KM 3i 3MEHLLEHHAM NOKa3HWKIB rinepTpodii nisoro winyHouka (ML) (p < 0,05). Kpim Toro, BU3Haumnm
MO3UTUBHI KOPENALLIAHI 3B’A3KM Y XBOPUX 3 YCiX rPyn CMOCTEPEXEHHS MK 3HWKXEHHAM IMT nicns nikyBaHHS Ta 3MEHLLEHHAM
MW (p < 0,05). CTaTMCTUYHO 3HAYYLLMX BiAMIHHOCTEN 3@ NOKa3HMKamK, LLO BUBYAMW, MiX rpynamuy nawieHTiB 3 reHoTunamm
A/G i G/G He BMsIBNEHO Hi 10, Hi nicns nikyBaHHsA. OTxe, came HasBHICTb G-anento nonimopdHoro Mapkepa 2350 A/G reHa
Al® nos’asaHa 3 possutkom Al i [TILL.

BucHoBku. JlikyBaHHs kombiHauieto nisuHonpuny Ta kapeedinony B nauieHtie 3 Al Ta LI 2 tvny cnpusno edektnBHOMY
3HKeHHIO AT y BCiX rpynax AocnimkeHHs. BctaHoBunm, WO A0 noyaTtky nikyBaHHS nauieHTn 3 reHotunamm A/G i GIG
nonimopcHoro mapkepa 2350 A/G reHa Al® manu BinbLu BUpaxeHi rinepTpodivHi 3MiHW Miokapaa, HiX XBOpi 3 FeHOTUMOM
AJA. AHTUriNEepTeH3VBHa Tepanist HanbinbL edpeKTUBHA LLOA0 3MEHLLEHHS rinepTpodii Miokapaa B nauieHTiB 3 A/A reHoTUnom
nonimopcHoro mapkepa 2350 A/G reHa AM®. BussneHo, wo reHotunn A/G i G/G nonimopdHoro mapkepa 2350 A/G reHa
Al1® moxxHa BUKOPUCTOBYBATM SIK NPEeaUKTOP He Tinbku po3suTky TILL, ane i meTaboniyHux NopyLUEHb, L0 acoLtorTbCs 3
nigsuLeHnm IMT, BuLLMMM piBHAMM rrikeMii Ta IP, BUpaxeH1MmM 3cyBamm aTeporeHHoi aucninigemii B nauieHTis i3 koMmopbigHumM
nepe6irom Al i LI 2 Tuny. 3HkenHs IP Ta IMT cynpoBomkyBanocs ameHLueHHsM cTynenst [TILL. [loBegeHo, Lo BUKOPUCTAHHS
aHTUriNepTEH3MBHOI Tepanii, Lo nepeadadana npuiMaHHs KapBeainosny Ta MisuHONpuUnYy, B NaLieHTIB i3 HECNPUATIMBAMMU
reHotunamun A/G i G/G nonimopdpHoro mapkepa 2350 A/G reHa AMN® e edekTBHWM, cnpusie BupaxeHomy perpecy [TILL.
MavjeHTn 3 AA reHoTunom nonimopdgHoro mapkepa 2350 A/G reHa AMN® matoTb HabinbLUy nepesymoBy LOAO ehEKTUBHOMO
3MeHLeHHs [T nicns nikyBaHHS; Lie BU3HAYUN K CMPUSTAVBY NPOrHOCTUYHY O3HAKY.

The effect of polymorphism of the angiotensin-converting enzyme gene
on the course of arterial hypertension in combination with type 2 diabetes
and the effectiveness of antihypertensive therapy

0. V. Al-Trawneh, T. M. Tykhonova, I. V. Shop

The aim of the work is to determine the influence of angiotensin-converting enzyme (ACE) gene polymorphism on the course
and effectiveness of antihypertensive therapy using the ACE inhibitor lisinopril and the beta-blocker carvedilol in patients with
comorbidity of arterial hypertension and type 2 diabetes.
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Materials and methods. The study was carried out based on the Department of arterial hypertension and kidney disease of
the L. T. Malaya Therapy National Institute of the National Academy of Medical Sciences of Ukraine. The study included 106
patients with arterial hypertension of the 2" degree, stage Il and diabetes mellitus type 2, the average age was 54.3 £ 5.3 years.
All patients were divided into three groups. The first group consisted of 48 patients with the A/A genotype of the polymorphic
marker 2350 A/G of the angiotensin-converting enzyme gene, the second group included 22 patients with the A/G genotype,
and the third group included 36 patients with the G/G genotype. DNA of peripheral blood leukocytes was used to study the
single-nucleotide polymorphism of marker 2350 A/G of the angiotensin-converting enzyme gene. A combination of lisinopril
and carvedilol was used as antihypertensive therapy.

Results. Direct correlations were established between the presence of A/G and G/G genotypes of the single-nucleotide
polymorphism 2350 A/G of the angiotensin-converting enzyme gene with an increased body mass index (p < 0.001), higher
levels of systolic and diastolic blood pressure (p < 0.001), with an increased level of fasting blood glucose (p < 0.05), the
HOMA-IR (p < 0.05), an increased level of low-density lipoproteins (p < 0.05) and triglycerides of the blood (p < 0.05). Positive
correlations of the specified polymorphisms with an increase in the mass index of the myocardium of the left ventricle were also
established (p < 0.001). As a result of the treatment, a significant decrease in blood pressure, both systolic and diastolic, was
observed in all patients (p < 0.001). A statistically significant decrease in the left ventricular myocardial mass index was found
(p <0.001) in all groups of patients. At the same time, the reduction of left ventricular myocardial hypertrophy was statistically
more pronounced in patients with genotype A/A than in patients with genotypes A/G and G/G (p < 0.05). In three groups of
patients, a significant (p < 0.05) decrease in BMI was observed under the influence of diet therapy and drug treatment. Among
the comparison groups of patients, the statistically most significant decrease of this indicator in treatment dynamics was found
in individuals with the A/A genotype. A significant decrease in fasting blood glucose levels, HOMA-IR insulin resistance index,
and markers of atherogenic dyslipidemia was revealed in both patients with the A/A genotype and those with the A/G and
G/G genotypes (p < 0.05). The decrease in the level of insulin resistance (IR) in patients after treatment in all studied groups
had positive correlations with the decrease in indicators of left ventricular hypertrophy (LVH) (p < 0.05). Positive correlations
were also observed in patients of all observation groups between a decrease in body mass index (BMI) after treatment and
adecrease in LVH (p < 0.05). There were no statistically significant differences between the studied parameters between the
A/G and G/G groups, both before and after treatment. This confirms that the G allele of the polymorphic marker 2350 A/G of
the ACE gene is associated with the development of hypertension and LVH.

Conclusions. The therapy with the combination of lisinopril and carvedilol in patients with hypertension and type 2 diabetes
contributed to the effective reduction of blood pressure in three groups of patients. It was established that patients with
genotypes A/G and G/G of the polymorphic marker 2350 A/G of the ACE gene had more pronounced hypertrophic changes of
the myocardium than patients with genotype A/A before the start of treatment. Antihypertensive therapy was the most effective
in reducing myocardial hypertrophy in patients with the A/A genotype of the polymorphic marker 2350 A/G of the ACE gene. It
was found that the presence of genotypes A/G and G/G of the polymorphic marker 2350 A/G of the ACE gene can be used as
a predictor not only of the development of LVH but also of metabolic disorders associated with increased BMI, glycemia and
insulin resistance, expressed by shifts in atherogenic dyslipidemia in patients with comorbid hypertension and type 2 diabetes.
It was established that a decrease in the degree of LVH accompanied by a decrease in IR and BMI. It has been proven that the
use of antihypertensive therapy with the use of carvedilol and lisinopril in the treatment regimen in patients with unfavourable
genotypes A/G and G/G of the polymorphic marker 2350 A/G of the ACE gene is effective and contributes to marked regression
of LVH. It was determined that patients with the AA genotype of the polymorphic marker 2350 A/G of the ACE gene have the
greatest prerequisite for the effective reduction of LVH after treatment, which was considered a favourable prognostic sign.

3a pesynsTatamn YMCTNEHHNUX LOCMMKEHb, apTepianbHa
rinepTeHsis (Al) € OfHi€r0 3 FONOBHUX NPUYMH iHBaNigM3aLi
Ta CMepTHOCTI Bif, CepLEeBO-CyANHHNX 3axBoptoBaHb [1].
3a faHvmy BeecBiTHLOT opraHisaLlii 0OXOpoHM 300poB’s, y
cBiTi 1,28 mnpg oci6 Bikom 30-79 pokis MatoTb Al Ginb-
LUICTb (OB TPETWHM) i3 HUX KUBYTb Y KpaiHaX i3 HU3bKWM i
cepepHim piBHem poxoay. Maiixe 46 % popocnvx i3 nig-
BYULLEHUM apTepianbHUM TUCKOM (AT) He 3HatoTb NPOo CBIN
cTaH. MeHwwe Hix 1/2 gopocnnx (42 %) i3 giarHocToBaHo0
Al" potpumytoTbes cxemu i NikyBaHHS. HaeegeHi daktu
06rpyHTOBYIOTb, YoMy Al” BU3HA4Y€EHa SK OfHa 3 FOMOBHUX
NPUYKH NepeaYacHoi cmepTi [2].

Bucoka yactota noegHaHoi naTonorii xapakTepHa Ans
xBopux Ha Al OauH i3 HanyacTiLWMx KOMOPOBIAHUX CTaHIB
y Takux navujeHTis — uykposun giabet (L) 2 Tuny [3,4,5].
TsaxkicTb nepebiry Al i BAHUKHEHHS! YCKNaaHEeHb TiCHO
NOB'A3aHi 3 PI3HUMM YMHHMKAMU, SIK-0T i3 MeTaboniYHUMM
NOpYLLEHHAMY, Lo npuTamanHi LU 2 tuny [6].

HuHi Bigomo, o Al — MynsTthaKkTOpHe 3aXBOPIoBaH-
HSA. Y Oro natoreHesi KMto4oBYy porb Bidirpae akTveavis
peHiH-aHrioTeH3nH-anbaocTepoHoBoi cuctemmn (PAAC)
[7]. PospisHstoTb umnpkyniotody i nokansHy PAAC [8].
JlokaneHa PAAC Ge3nocepeaHbo Gepe yyacTtb y hopmy-
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BaHHi npuTamanHoro Ans LI cuHapomy rinopeHiHeMivHoro
rinoanbA0CTEPOHI3MY, KONW HU3bKa KOHLEHTPaLis peHiHy
11 anbAOCTEPOHY B NMa3sMi KpOBi NOEAHYETLCS 3 BUCOKOKD
KOHLieHTpaUi€to aHrioteH3unHy 1, wo umnpkyntoe [9,10].

[eHn-kaHaMAaTH, WO BM3HAYalOTb CXUMbHICTb [0
po3BuTKy Al BKmtoyatoTb: reHn PAAC; reHun, noB’sasaHi 3
HaTPIEBOIO CUCTEMOIO; FEHM, MOB'A3aHi 3i LNSXOM nepefavi
CurHany; reHu eHaoTeniHoBOi CUCTeMM.

3B’A30K MiX noniMop@i3aMoOM reHa aHrioTeH3WH-
nepeTBoptoBasibHOro epmeHTy (AM®) i reHeTnyHo
reTEPOreHHiCTIO TinepTeHsii € npeameToM GaraTbox [0-
cnipxeHb [11,12].

PAAC mae krntovoBe 3HauYeHHs y natoreHesi rineptpo-
ii nisoro wnyHouka (MTILW). Kpim Toro, Bigomo, wo AMNd
BNNVBAE Ha HM3KY CTaHiIB, ki noB’a3aHi 3 PAAC, 3okpema
i Ha ITLL. 3pivicHunu kinbka gocnimkeHb Ans OLiHIOBaHHSA
kopensii Mix nonimopdiamom reHa AMN® 2350 A/G i rinep-
TPOiEtO NIBOTO LLIMYHOUKA, OAepany 4OBOMi CynepeYnmBei
pesynbratu [13,14,15,16].

HuHi akT1BHO BMBYaOTH NOMNIMOPMI3M KinbKOX re-
HiB-kaHgupaaTtie AMN®. OauH i3 HalvacTiwe Jocnigxysa-
HUX — OOHOHYKNEeoTUAHWA noniMopaiam 2350 A/G reHa
AlN®, postawosaHuin Ha 17 HTPOHI. BBaxatoTb, WO BiH
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Hanbinblue BNnvBae Ha piBeHb AMN® y cupoBsaTLi KpoBi
[17]. Ony6nikoBaHO cynepeynuei pesynsTaT BNIUBY
nonimopciamy mapkepa 2350 A/G reHa Al Ha po3BuTok
eceHujanbHoi Al y pisHux nonynsuisx [18].

KniHiYHi HacTaHoBW, LLO 'PYHTYOTBCS HA MPUHLMNAX
[10Ka30BOi MeauLMHW, 30e6inblLworo pernamMmeHTyoTb
CTaHAAPTHUI YHiBEPCANbHWA NiAXiA A0 NPU3HAYEHHS
aHTUrINEePTEH3NBHUX NpenaparTis, SKU Ha PiBHI OKPEMOTO
nawjeHTa He € nepcoHanisoBaHWMK. KniHiyHa npakTuka
nokasarna HeoaHopiaHY eheKTUBHICTb 3aranbHOMPUIHATIX
i 3aTBEPIYKEHNX CXEM JTIKYBaHHS. [eHeTUYHWI noniMopdiam
XBOPOro Ta chapMakoKiHETUYHI 0COBNMBOCTI NikapCbKoro
3acoby MOXyTb NOYACTV NOSICHUTK IHAVBIAYanbHy Bapia-
6enbHICTb eCDEKTUBHOCTI aHTUMriNepTEH3MBHOI Tepanii [19].

Yce Ginblue OokasiB OTPUMAHO LWOAO AOLNbHOCTI
nepcoHanisoBaHoro nigxopy Ao apmakoTepanesTny-
HOrO NiKyBaHHS1, KA BpaxOBye pPe3yrnbTaTii FeHETUYHOro
aHaniay nauieHTa. MNepenbavaroTs, L0 NepPCoHani3oBaHa
thapmakoTepanis, sika 'pyHTYeTbCA Ha aHani3i reHETUYHOT
iHpopMaLLii 3 BU3HAYEHHAM ONTUMANbHOMO aHTUriNepTeH-
3MBHOTO 3acoly, CTaHe OCHOBHUM CMOcoBoM MikyBaHHS
Al y MainbyTHEOMY, 0COBNMBO NaLLiEHTIB i3 rinepTeH3ieto, B
AKWX 3aranbHONpuitHATa Tepanis He edpekTuBHa. HuHi nig
yac reHeTMYHKX gocnigxeHb Al BUBYaOTb NepedyCiM reHu,
LLIO CMIPUYMHSAIOTH MNEPTEH3It0, Ta MEXaHI3MU NiABULLEHHS
AT. Tak, BB4at0Tb NosiMopdiam iHcepuii / aenewii aHrio-
TeH3uHnepeTBoptoBansHoro depmeHty (Ar® 1/D) [20],
Lo, sk Byno BMsIBNEHO, NOB’'A3aHMI i3 BUCOKUM AT [21].

Brim, pesynsratu KniHiYHWX OCTIKEHb LWoAo 0brpyH-
TyBaHHS BUOOPY aHTUrNEPTEH3NBHIX NPenaparis, a Takox
LLOAO0 3B'A3KIB MK MOMIMOPI3MOM TeHiB i MiABULLEHO
YYTIMBICTIO 10 @HTUMNEPTEH3UBHMX Nikapcbkux 3acobis,
BKItodatoun iHribitopu A, Gnokaropn peuentopis aH-
rioteHauHy I, GeTa-6riokatopu, GrokaTopu KanbLieBnx
KaHanis i giypetuku, € cynepednueumm [22,23].

LLlono BnnmBy reHeTnyHoOro nonimopdismy reHa Ard
BCTaHOBNEHO: cepen noniMmopdHmx reHoTunie ACE reHotvn
DD mage HarBuLLMI piBeHb aKTUBHOCTI, a reHoTun Il — Hai-
HKYMIA, reHoTvn ID xapakTepusyeTbCst CEpeaHiM piBHEM
aKTVMBHOCTI. B3Haumnu, Wwo 4y1m BuLLa akTuBHIiCTb A,
TUM BinbLLY aHTUriNepTEH3NBHY Porb Bigirpae NPUrHiYeHHs
110ro akTMBHOCTI [24]. OTxe, BUB4EHHS MoniMopdi3my reHa
Al® gouinbHe He TinbKW B HayKOBOMY acnekTi. Taki gocni-
[DKEHHS! — HeBi’éMHa CKMaaoBa NoCniJ0BHOTO BUBYEHHS
BMYBY MOMIMOPI3MIB reHiB Ha eeKTUBHICTb 3acToCy-
BaHHS1 Pi3HNX aHTUTNePTEH3MBHIX Nikapcbkix 3acobiB Ans
MOLLMPEHHS! NEPCOHiIKOBAHOTO NiKyBaHHs XBOPYX Ha AT,
LLO CTIPMSITUME ONTUMANBHOMY KOHTPOSHO MOKa3HWKiB AT.

Merta po6otu

BcraHosuTM BNvB nonimopdiamy reHa AMd Ha oco-
6rvBocTi nepebiry 1 eeKTUBHICTb aHTUriNePTEH3NBHOI
Tepanii 3 BUKOpUCTaHHAM iHribiTopa Al nisuHonpuny
Ta 6eTa-agpeHobnokartopa kapBeaunony B MauieHTiB i3
KOMOpOIAHICTIO apTepianbHOI rinepTeHsii Ta LyKpoBOro
niabety 2 Tuny.

Martepianu i meToAU AOCAIAKEHHA

O6crexxunu 106 nauienTie 3 Al Il cTagii, 2 cTyneHs Ta
LI 2 Tuny B cTaHi MeaukameHTo3Hoi cybkomneHcaLii. [Jo
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OpwuriHaAbHiI AOCAIAXKEHHS

AOCnimKeHHs 3anyunnu 59 YonoBikiB i 47 XiHOK, CepeaHii
Bik — 54,3 5,3 poky.

XBOPUX NOAINWUIN Ha TPU rPYNK 3anexHo Big noniMop-
¢iamy nonimopcpHoro mapkepa 2350 A/G reHa AlNo®. o
nepLuoi rpynu (n = 48) 3any4eHo NawieHTiB i3 reHOTUNOM
A/A nonimopdHoro mapkepa 2350 A/G reHa Al®: 27 vo-
TOBIKIB i 21 XiHKY, CepeqHil Bik — 55,2 + 4,4 poky. Y apyry
rpyny (n = 22) BKMOYMNN XBOPMX i3 reHoTunom A/G: 12
yonogikie i 10 xiHOK, cepeaHin Bik— 53,3 + 3,2 poky. [lo Tpe-
ThOI rpynu (n = 36) 3any4nnu nauiexTis i3 reHotunom G/G:
20 yonosikiB Ta 16 xiHOK, cepeHin Bik — 54,2 + 4,2 poky.

Yci obcTexeHi nauieHT Hagany NMCbMOBY IHGOPMO-
BaHy 3rofly Ha y4acTb Y AOCTILKEHHI.

KpuTepii BUKMIOYEHHS — AiarHOCTOBaHi TsHkki COMATUYHI
3axBOPIOBAHHS (HUPKOBA, NEYiHKOBA, CepLieBRa, AnxarbHa
HEefoCTaTHICTb) HAasBHICTb B aHAMHESI IHCYIBTY, iIH(DaPKTY,
OHKOSTOMYHNX 3aXBOPOBaHb, AeKkomneHcosaHoro LI 2
TMMy 3a KpuTepismmn BeecBiTHLOT OpraHisaLyii 0XopoHu 3o-
POB'S, @ TAaKOX MOPYLUEHHS (hYHKLi LUMTONOAIOHOT 3amo3u,
NEPBUHHA CiMEeNHa rinepxonecTepuHEMIsi, CAMNTOMATUYHI
AT, BariTHiCTb.

AT fjiarHocTyBanu BignoBigHo 0 pekoMeHaaLin €Bpo-
nevicbkoro ToBapucTaa 3 Al i EBponericbkoro ToBapucTaa
Kapgionoris, a Takox YKpaiHCbKOI acouiauii kapgionoris
3 npodinaktukn Ta nikysaHHa Al. [OiarHos LA 2 tuny
BCTAHOBMIM 33 YWHHUMM PEKOMEHALiSMN €BPONEcLKOi
acoujauii 3 BuB4eHHs L [25,26,27].

PiBeHb rnikosunboBaHoro remornobivy (HbA1c) B
LiNbHIA KPOBI BU3HAYMUNW 3 BUKOPUCTAHHAM TECT-CUC-
Temu dipmn «PeareHT» (YkpaiHa). IHaekc iHcyniHope-
aucteHTHocTi (HOMA-IR) obpaxyBamu 3a chopmynoto:
HOMA-IR = iHcyniH HaTwwe (MKEL / Mn) X rmioko3a HaTLle
(mmonb / n)/22,5. Mpu iHgexkci HOMA-IR >2,77 nauieHTiB
BBa)xasn TakvMW, LLIO MatoTb iHCYMIHOPE3NCTEHTHICTL (IP).
KoHueHTpaLito rnoko3n B cupoBarLi kposi Hatwe (TKH)
BU3HAYMIN [TIFOKO300KCMAAHTHUM METOAOM; KOHLIEHTPALLi0
iHCYMiHY — iIMyHO(EPMEHTHUM METOAOM, BUKOPUCTAaBLUM
Habopu DRG (CLLA).

[ns pocnimxeHHs ninigHoro obMiHy (BMICT 3aranbHoro
xonectepuHy (3XC) B cupoBartui KpoBi, ninonpoteigis
BMUCOKOI LWinbHocTi (XC JINBL), Tpurniuepuais (TT)) 3a-
CTOCYBanM eH3UMaTUYHWIA KOMOPUMETPUYHWIA METOg, i3
BMKOPUCTaHHAM Habopie «Humany» (HimeyunHa). Bmict
XONEecTepuHy B CKraji NinonpoTeiHiB HU3bKOI LLiNbHOCTI
(XC NMNHLL) obpaxysanu 3a popmynoto W. T. Friedewald:
XC NNHL, (mmonb/n) = 3XC — (XC NNBLL, + TI / 2,22).

l'eHomHy OHK BigokpemntoBany 3 nernkouuTis nepude-
PUYHOI KPOBI METOAOM (hEHONMXMOPOPOPMHOI eKCTPaKLi
3 amnnicpikauieto Hagani B 25 MK peakwinHol CymiLi nig
yac moniMepasHoi naHuoroBoi peakuii. Amnnidikauio
3nincHMM Ha amnnicikatopi «Rotor-Gene 6000» (AscTpa-
nist) y pexumi peanbHoro Yacy. MNpoaykTu rigponisy nicns
amnnicpikadii po3ainunu B noniakpunamigHomy i arapos-
HoMmy rensix. Matepian, Wwo ogepxanu, Bisyanisysanu nig
yneTpadgioneTtom.

CTpyKTypHO-(bYHKLiOHaNbHI NapameTpy cepLis BU3Ha-
yunn metogom exokapaiorpadii (ExoKr), sactocysanm
giarHocTnuHy cuctemy «GE Medical Systems» (Himeyun-
Ha) i3 ha3oBaHUM JaTUMKOM i MOAYIBOBAHOK YaCTOTO
2,25-3,00 mI'W, 3rigHo 3 pekomeHaaLisMm AMEpPUKaHCHKOro
ToBapucTBa 3 exokapaiorpadii [28,29]. 3a meTogom Cim-
MCOHa BMU3HAYanM TOBLUMHY MIKLLMYHOYKOBOI NEPETUHKMA
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y cuctony (TMLWIc) Ta piactony (TMLUMg), ToBwmHY
3a7HbOI CTiHKM MiBoro wnyHouka y cuctony (T3CJILLc) Ta
piactony (T3CILLz), kiHLeBwiA cucTonivHuiA giametp (KCO),
KiHueBwi diactoniyHui giametp (KOLO) i dopakuito Bukuay
(®B) niBoro unyHouka (J1LL). Macy miokapgaa J1LL (MMIILL)
obpaxoByBanu 3a pekoMeHaauisMu AMeprUKaHCHKOro
TOBapucTBa 3 exokapgiorpadii (2016); ingekc MMIILU
(IMMILL) Bu3Havanm sk BigHowweHHs MMIILW o nnowi
nosepxHi Tina [29,30].

Ycim nauieHTam HagaHo pekoMeHAaaLii WoJo nigTpum-
K1 OIETUYHOTO XapyyBaHHs BMPOZOBX YCbOro nepiogy
TNiKyBaHHS.

XBOpi OTpUMyBanu kKOMGIHOBaHY aHTUTNEPTEH3NBHY
Tepanito nisuHonpunom i kapeseaunonom. [Jobosa go3a
npenapariB BW3Ha4eHa iHavBigyanbHo. NovatkoBa fo3a
kapsegunony craHosuna 12,5 mr Ha goby, nisuHonpuny
— 10,0 mr Ha goby; makcumanbHa fo3a kapsegunony
craHoBuna 50,0 mr Ha poby, nisvHonpuny — 20,0 Mr Ha
no6y. [ins nonarkoBoi kopekuii AT 3a HeobxigHoCTi Npu-
3Havanu npenapar «JlepkameHy. Ak Linbosi nokasHuku AT
BU3HAYMIM Taki: cucToniyHWA aptepiansHui Tuck (CAT) —
A0 120-130 MM pT. CT.; GiaCTONIYHUI apTepianbHAN TUCK
(OAT) — meHLwe Hix 80 mm pr. cT. [31].

Yci nauieHTy ofepxyBanu LyKpO3HWXKyBanbHy Tepa-
nito, 3okpema meTchopMiH (8ig 1000 mr oo 2000 mr Ha foby)
Ta miknaaug (sig 60 mr go 90 mr Ha goby). KomnnekcHe
NiKyBaHHS BKITH0YaNo Takox po3yBactaTuH y 4o3i 10 Mr Ha
[o0y Ta aueTuncaniuunoBy KACNOTy y A03i 75 Mr Ha Jo0y.

MaTemaTtnyHe onpauloBaHHA pe3ynbTaTiB [oCHi-
[DKEHHS 3MJMCHWNM 3@ JOMOMOrOK0 NPOrpamMHoOro naketa
Statistica 8,0 (StatSoft Inc., CLUA) (Homep niueHasii
STA862D175437Q). Obumcrn cepegHe 3HayeHHs (M),
AVCnepcilo, CTaHAapTHE BiAXWUNEHHS, MegiaHy (M), piBeHb
3HavyLlocTi (p). BigMiHHOCTI BBaXanu LOCTOBIPHUMM Mpw
piBHI cTatucTuyHoi 3HavywocTi p < 0,05. AHanisytoumn
3HaYYLLCTb BiAMIHHOCTEN MiX rpynamu 3a BUPaXeHiCTio
MoKa3sHMKa, LLIO BUMIPIOETLCS YMCTIOM, BUKOPUCTANW t-Kpu-
Tepin CTblogeHTa. [Ans OLiHIOBaHHS B3aEMO3B'A3KIB MiX
rMokasHUKaMm 3aCTOCyBany MeTOZ, KOPENALIiHOro aHanidy
3 0bumncneHHsm koediuieHTiB kopensuii MipcoHa (npw
HopmanbHoMy po3nogini) Ta Cnipmera (npu posnogini,
LLIO BiAPI3HAETLCA Bifi HOPMANBHOTO).

Pe3yabTaTti

CepepHin ingekc macu Tina (IMT) y navjeHTis nepLuoi rpynm
craHoBuB 28,79 + 0,44 kr/m?; ppyroi — 29,24 + 0,52 kr/m?;
TpeTboi — 28,46 + 0,34 kr/m2. OTxe, XBOpI BCIX TPLOX rpyn
CMOCTEPEXEHHS Manu HaanuwkoBy Macy Tina. Cratuc-
TUYHO 3HAYYLLOIT Pi3HNL Mix rpynamm 3a IMT po nikyBaHHS
He Byno (p > 0,05). 3ayBaxwmo, Lo nokasHuk IMT y rpyni
nauieHTis i3 reHotunamu A/G i G/G nonimopchHoro mapke-
pa 2350 A/G reHa AlM® cTaTCTUYHO 3HAYYLLIO BULLWIA 3@
BIANOBIAHWUIA Y XBOPMX i3 reHoTunom A/A nicns nikyBaHHS
(27,62 0,31 kr/m?, 28,62 £ 0,31 kr/m? Ta 24,53 £ 0,40 kr/m?
BignosigHo, p < 0,05). Lie moxe 6yTv nos’s3aHo 3 acoulia-
uieto reHotuniB A/G i G/G, 3okpema G anens noniMopgHoro
mapkepa 2350 A/G AlN®, 3i cTyneHem MeTaboniyHUX nopy-
LLEHb, LLIO YCKMaAHIOKOTb 3HIKEHHS Macy Tina. MokasHuku
IMT y nauieHTiB 3 ycix rpyn nicns nikyBaHHs CTaTMCTUYHO
3HaYyLLO BIAPI3HANMCS Bif pesynbTaTis, WO BCTAHOBUMN
[0 nikysaHHs (p < 0,05).
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o nikysaHHs1 noka3Huukm CAT i OAT y xBopux i3
reHotunamu A/G i G/G nonimopdHoro mapkepa 2350
A/G reHa AlMN® gocToBipHO BuLLi, HiX Y xBopux 3 A/A
reHotunom (p < 0,05). 3a pesynsratamu 18-micauHoro
NiKyBaHHSA BCTAHOBWN, WO AT 3HWKEHUIA OO LiNbOBOMO
piBHs y 92 % nauieHTiB nepwoi rpynu, y 87 % — apyroi,
y 89 % — TpeTbOoi. Pasom i3 TMM, y XBOpKX i3 reHoTHNamm
A/G i G/G nonimopdHoro mapkepa 2350 A/G reHa Arld
BCTAHOBMEHO JOCTOBIpHO BULLi noka3Hukun CAT micns
nikyBaHHS NOPIBHAHO 3 TaKUMK Yy XBOPUX i3 FEHOTUMOM
A/A: 132,24 £ 0,34 mm pr. cT,, 132,26 + 0,41 MM pT. CT. Ta
124,68 + 0,54 mm pT. cT. BignosigHo, p < 0,05.

3icTaBHy TeHAEHLtO Nicns NikyBaHHS BUSBUMM TaKoX
wopo piHs [JAT. Tak, y nauieHTis i3 reHotunamm A/G i G/G
nokasHuku JAT BiporigHO BULLY, HXX Yy XBOPUX i3 FeHOTUIMOM
A/A: 82,45 + 0,46 mm pT. cT,, 81,44 £ 0,48 Mm pT. CT. i
74,54 + 0,45 mm pr. cT. BignosigHo, p < 0,001 (ma6n. 1).

3asHaummo, Lo Ans kopekuii AT oaaTkoBoro npuaHa-
YeHHs amnoauniHy notpebysany 2 XBopuX i3 NEPLLIOi rpynu,
1 nauieHT i3 apyroi, 2 ocobu i3 TpeTboi. Taky KopekLio
MeOMKaMEHTO3HOI Tepanii 34iCHUNM CUTYaLiiHo, MOCTIlHE
MpUIAMaHHS amrnoauniHy NPoTAroM BCbOro Nepioay crocre-
PEXEHHS HE JoUiNbHE.

MpoaHanisysasLum nokasHukm ExoKl™ y nauieHTis go
nikyBaHHs1, BCTaHOBWMK: 0cobu 3 reHotunamun A/G i G/IG
manu goctosipHo BuLmin iIMMIILL, Hix XBOpI 3 reHOTMNOM
A/A: 146,16 + 6,62 r/m?, 145,18 £ 5,58 r/mM? Ta 140,04 + 4,14
r/m? BignosiaHo, p < 0,001. Taky camy TEHAEHLH0 BU3HAYM-
M i oo iHWwKx gocnigpkysaHnx ExoKr-mapkepis, SK-0T
TMWNg (1,21 £ 0,02 cm, 1,22 £0,03 cm i 1,18 £ 0,07 cm
BianoBiaHo, p <0,05)iKCL (3,34 + 0,06 cm, 3,37 £ 0,06 cm
i 3,18 + 0,04 cm BignosigHo; p < 0,05) (mabn. 2).

[o pocnimkeHHs 3anyyan Tinbku nawieHTis 3i 36epe-
JKEHO CUCTOMIYHO (hyHKLiEt0. BTiM, oujiHtoBaHHs OB sik
OCHOBHOTO MokasHyika cucTonivHoi yHkuii J1LL nokasano: y
XBOPYIX Apyroi Ta TpeTboi rpynn OB J1LL gocToBipHO Hkya,
HiX y navjeHTis nepiuoi (60,67 + 0,36 %, 60,64 + 0,55 % i
62,03 + 0,44 % BignosigHo, p < 0,001). Lii aaHi 3biratotbcst
3 pesynbratamu iHWKX JOCimpKeHb, Mifg Yac SKWX BCTa-
HoBWNW BNNMB noniMopdHoro Mapkepa 2350 A/G reHa
Al® Ha nporpecyBaHHs rinepTpoivHNX 3MiH Miokapaa y
XBopux Ha Al [14,20].

llicnsa nikyBaHHA BU3HAYMNKM BIPOTiAHE 3MEHLLEHHS
MMILL Ta iMMILW (p < 0,001) y nauieHTiB 3 ycix rpyn crno-
cTepexeHHs. Lie e cnpuatnueium iHaukatopom edexTus-
HOCTI MpM3HAYEHOi CXeMM TiKyBaHHS Ha NPOLECH perpecii
rineprpodii miokapaa J1LLI. 3a3Haummo, Lo nicns fikyBaHHS
MMJILW a iMMIILL y nauieHTiB apyroi Ta TpeTboi rpyn Bynm
CTaTUCTUYHO 3HaYYLLIO BULLIMMM LLIOAO NOKA3HWKIB XBOPHX i3
nepuoi rpynu (p < 0,05). Y nauieHTiB yCix TpOX rpyn nicns
TiKyBaHHS BU3HAYMINM AOCTOBIPHE 3MeHLUEHHS piBHiB KC[
i KOO (p < 0,05).

OTxe, aHTUrinepTeH3nBHa Tepanis cnpusna perpecii
MW i 6yna HanedeKTUBHILLOK B NaLiEHTIB NepLLoi rpynu
(3 reHoTunom A/A nonimopdoHoro mapkepa 2350 A/G reHa
AlNo).

JlinigHniA npodink y nauieHTiB Apyroi Ta TPeTbOoi rpyn
[0 NiKyBaHHS XxapaKkTepn3yBaBCs BipOrifHO BULLMMM NOKa3-
Hukamm TI, 3XC, XC NMHLY, i Hwkumm pisHem XC JTNBLL,
MOPIBHSAHO 3 XBOpUMU NepLuoi rpymu (p < 0,05) (mabn. 3).

Micns nikyBaHHS BCTAHOBWIIN CYTTEBE 3MEHLLEHHS
CTYNeHs aTeporeHHoi Aucninigemii, Ky A0 NikyBaHHS
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Tabauus 1. MNokasHuky apTepianbHoro TUcky nauieHTis 3 Al i L 2 Tuny go ta nicns 18 micsuiB nikyBaHHs!

Moka3Huk, oguHNLi

BUMipIOBaHHSA

OpwuriHaAbHiI AOCAIAXKEHHS

1 rpyna (A/A), n =48 2 rpyna (A/G), n =22 3 rpyna (G/G), n = 36

CAT, MM pT. CT.
[AT, Mm pT. CT.

D0 NiKyBaHHA nicns nikyBaHHA D0 NiKyBaHHA nicns nikyBaHHsA D0 NiKyBaHHA nicns nikyBaHHA

168,54 £ 0,43
102,44 £ 0,32

124,68 £ 0,54
74,54 £ 0,45

177,45 +£0,42°
108,34 £ 0,54°

131,24 £0,34%¢
82,45 £ 0,46**

176,47 £ 0,45°
109,44 + 0,54°

132,26 + 0,4157
81,44 £ 0,487

1: CTAaTUCTMYHO 3HaYYLL BIAMIHHOCTI MK NOKa3HWUKaMK 40 Ta Nicns NikyBaHHS Yy nawjieHTiB i3 reHotunom A/A, p < 0,05; 2: CTaTUCTUYHO 3HaYYLLi BiAMIHHOCTI MiX NOKa3HWKkamMm
[0 Ta nicns nikyBaHHA y nauieHTiB i3 reHotunom A/G, p < 0,05; 3: cTaTUCTUYHO 3HaYyLLi BiAMIHHOCTI NepLUOi Ta ApYroi rpynu 3a nokasHukamu 4o nikysaHHs, p < 0,05;

4: cTaTUCTMYHO 3HaYyLLi BiAMIHHOCTI NepLUOi Ta ApYroi rpynu 3a nokasHukamu nicns nikyBanHs (p < 0,05); 5: cTaTMCTYHO 3HauyLLi BiAMIHHOCTI MOKa3HWKIB NaLieHTIB i3
reHotunom G/G fo Ta nicns nikyBaHHsi, p < 0,05; 6: cTaTUCTUYHO 3HaYyLLi BiAMIHHOCTI NepLUOi Ta TPETLOI rpynK 3a NOKa3HWKaMM [0 NiKyBaHHS; 7: CTaTUCTUYHO 3HaYYLL
BiZIMIHHOCTIi NepLUOi Ta TPETLOI rpynu 3a nokasHukamu nicns nikysaxHs (p < 0,05).

Tabauus 2. [inHamika exokapaiorpadiuHnx mapkepis y nauienTis 3 Al i LI 2 Tuny go Ta nicns 18 micsiuiB nikyBaHHs

1 rpyna (A/A), n =48 2 rpyna (A/G), n =22 3 rpyna (G/G), n = 36

Moka3HuK, oguHMLi
BUMipHOBaHHSA

TMLUMA, cm 1,18 £0,07 1,12 £0,02'
TMLLUMc, cm 1,46 £ 0,08 1,32 £ 0,02
T3CNWga, cm 1,17 £0,09 1,14 £ 0,02
T3ClLc, cm 1,72+ 0,02 1,48 £ 0,05
Kona, cm 5,04 £0,05 4,85+ 0,05
KCO, cm 3,18+0,04 2,98 0,04
®B,% 62,03 + 0,44 65,08 + 0,37
MMIILW, r 261,32+ 4,22 226,31+ 4,21
iIMMITLL, r/m? 140,04 £ 4,14 136,04 + 4,23

1,21 +£0,02° 1,14 £ 0,022 1,22 £0,03°
1,50 £ 0,06 1,38 + 0,022 1,49 £ 0,03
1,17 £ 0,02 1,15+ 0,03 1,17 £ 0,02
1,66 £0,07° 1,54 + 0,06% 1,65 £ 0,05°
518+0,08 4,95 £ 0,072 519+0,08
3,34 +£0,06° 3,21 +£0,06%* 3,37 +0,06°
60,67 + 0,36° 64,15 + 0,45% 60,64 + 0,55°
279,35 + 3,27° 2,38 + 4,452 280,25 + 3,34°

146,16 + 6,62°

141,14 £ 7,742¢

145,18 +5,58°

1,16 £ 0,02%7
1,38 +0,02°7
1,16 £0,03°
1,52 + 0,06°7
4,96 +0,07%7
3,23 +0,06°"
64,34 +0,43°
2,36 +4,4357
140,56 + 6,55°7

1: CTAaTUCTMYHO 3HaYYLL BIMIHHOCTI M NOKa3HWUKaMK 4o Ta Micns NikyBaHHs Yy navjieHTiB i3 reHotunom A/A, p < 0,05; 2: CTaTUCTUYHO 3HaYYLL BiAMIHHOCTI MiX NOKa3H1KkamMm
[10 Ta Micns nikyBaHHA y nauieHTiB i3 reHotunom A/G, p < 0,05; 3: cTaTMCTUYHO 3HaYyLLi BiAMIHHOCTI NepLUOi Ta ApYroi rpynu 3a nokasHukamu 4o nikyBaHHs, p < 0,05;

4: CTaTMCTUYHO 3HaYYLLi BiAMIHHOCTI NepLUOi Ta ApYroi rpynu 3a nokasHukamu nicns nikysaxHs (p < 0,05); 5: cTaTUCTUYHO 3HaYYLL BIAMIHHOCTI NOKa3HWKIB NaLieHTiB

i3 reHoTnom G/G po Ta nicnsi nikyaHHs, p < 0,05; 6: cTaTMCTUYHO 3HaYYLL BiGMIHHOCTI NepLUOi Ta TPETLOI rPynM 3a NokasHUKamu A0 NikyBaHHS; 7: CTaTUCTUYHO 3HauyLLi
BiZIMIHHOCTI NepLLOi Ta TPETLOI rpynu 3a NokasHukamu nicns nikysaxHs (p < 0,05).

Tabauusa 3. MokasHwnkm ninigHoro npodinto B nauienTis 3 Al i LI 2 Tuny po Ta nicns 18 micsiuis NikyBaHHs

Moka3HuK, oguHULi
BUMipHOBaHHSA

1 rpyna (A/A), n =48 2 rpyna (A/G), n =22 3 rpyna (G/G), n = 36

3XC, mmonb/n 6,32 £ 0,06 5,21+ 0,07
XC NMHLW, mmons/n 5,14 + 0,08 4,10+ 0,07
XC NNBLL, mmonb/n 1,02 +£0,01 1,25+ 0,02
TI, MMonb/n 2,25+ 0,06 1,65 + 0,06

8,23+0,08° 5,64 +0,092¢ 8,34 +0,09°
5,00 +0,09° 4,52 +£0,12% 5,00 £0,11°
0,97 £0,01° 1,01 £ 0,022 0,98 +0,01°
3,23+0,06° 1,78 + 0,05% 3,11+ 0,06°

5,75 +£0,08%7
4,50 +0,10%7
1,02 +0,0257
1,79 + 0,05%7

1: CTAaTMCTMYHO 3HaYYLL BIAMIHHOCTI MK NOKa3HWUKaMK 0 Ta Nicns NikyBaHHS y navjieHTiB i3 reHoTunom A/A, p < 0,05; 2: CTaTUCTUYHO 3HaYYLLi BIAMIHHOCTI MiX NOKa3HWKkamMm
[10 Ta Micns nikyBaHHA y nauieHTiB i3 reHotunom A/G, p < 0,05; 3: cTaTMCTUYHO 3HaYyLLi BiAMIHHOCTI NepLUOi Ta ApYroi rpynu 3a nokasHukamu 4o nikyBaHHs, p < 0,05;

4: cTaTUCTMYHO 3HaYyLLi BiBMIHHOCTI NepLUOi Ta ApYroi rpynu 3a nokasHukamu nicns nikyBaxHs (p < 0,05); 5: cTaTUCTUYHO 3HaYyLLi BiAMIHHOCTI MOKa3HWKIB NaLieHTiB

i3 reHoTnom G/G po Ta nicnsi nikysaHHs, p < 0,05; 6: cTaTMCTUYHO 3HaYYLL BIAMIHHOCTI NepLUOi Ta TPETLOI rpynM 3a NokasHUKamu A0 NikyBaHHS; 7: CTaTUCTUYHO 3HaYyLLi
BiZIMIHHOCTI NepLUOi Ta TPETLOI rpynu 3a nokasHukamu nicns nikysaxHs (p < 0,05).

Tabauus 4. [inHamika nokasHukis ByrnesoaHoro o6miHy B nauienTie 3 Al i LI 2 Tuny o Ta nicns 18 micsuis NikyBaHHs

1 rpyna (A/A), n =48 2 rpyna (A/G), n =22 3 rpyna (G/G), n = 36

Moka3HuK, oguHULi
BUMipHOBaHHSA

'KH, mmons/n 7,56 + 0,03 6,14 £ 0,03
HbA1c, % 7,08 0,03 6,23 £ 0,03
IHcyniH, MkOp/mn 22,14 £ 0,46 14,01 +£0,55
HOMA-IR 7,20+ 0,17 3,12+ 0,15

8,60 +0,02° 6,25+ 0,022 8,54 +0,02°
8,76 £ 0,02° 6,44 + 0,022 8,66 +0,03°
25,76 +0,74° 15,32 + 0,542 24,80+0,72°
8,03+0,18° 3,18+0,162 8,22 +0,16°

6,25+ 0,02°
6,51+0,02°
15,44 + 0,24°
3,14+0,15°

1: CTAaTUCTMYHO 3HaYYLL BIMIHHOCTI MK NOKa3HWUKaMK o Ta Nicns NikyBaHHS y navjieHTiB i3 reHotunom A/A, p < 0,05; 2: CTaTUCTUYHO 3HaYYLLi BiAMIHHOCTI MiX NOKa3HWKkaMm
[0 Ta nicns nikyBaHHA y nauieHTiB i3 reHotunom A/G, p < 0,05; 3: cTaTUCTUYHO 3HaYyLL BiAMIHHOCTI NepLUOi Ta ApYroi rpynu 3a nokasHukamu 4o nikysaxHs, p < 0,05;

4: cTaTUCTMYHO 3HaYyLLi BiAMIHHOCTI NepLUOi Ta ApYroi rpynu 3a nokasHukamu nicns nikyBanHs (p < 0,05); 5: cTaTMCTUYHO 3HauyLLi BiAMIHHOCTI MOKa3HWKIB NaLieHTIB

i3 reHoTunom G/G po Ta nicnst nikysaHHs, p < 0,05; 6: cTaTMCTUYHO 3HaYYLL BiAMIHHOCTI NepLUOi Ta TPETLOI rPynM 3a NokasHUKamu A0 NikyBaHHS; 7: CTaTUCTUYHO 3HaYyLL
BiIMIHHOCTIi NepLLOi Ta TPETLOI rpynu 3a NokasHukamu nicns nikysaxHs (p < 0,05).

BU3HAYUIN B YCIX XBOPWX, 3a5y4eHUX OO AOCHIMKEHHS.
Tak, y BCix NavieHTiB 3ahiKkCOBAHO [OCTOBIPHE 3HIKEHHS
piBHiB 3XC, Tpurniuepuais i XC JIMHLL, a Takox cratuc-
TUYHO 3HauyLle 3pocTtaHHst piHs XC NMNBL (p < 0,05).
HaibinbLu BUpaxeHWi rinoninigeMiyHni echexT BUSHaunmm
B nauieHTis 3 A/AreHoTMNOM nonimopdHoro mapkepa 2350
A/G AT® nopiBHAHO 3 XBOPVMY i3 APYrOi Ta TPETLOI rpyn
(p <0,05).

Maronoris. Tom 21, Ne 2(61), TpaBeHb — cepneHb 2024 p.

AHarnia NoKa3HWKIB BYrMeBOOHOr0 0BMiHY y NaLlieHTiB 4o
nikyBaHHs! jaB 3MOry BCTAHOBUTM CTATUCTV4HO JOCTOBIPHO BU-
L piBeHb 'KH, iHcyniny y kposi, HbA1c Ta inoekcy HOMA-IR
Yy XBOPWX Apyroi Ta TPETbOI rpyn MOPIBHAHO 3 NaLlieHTamu i3
nepLuoi rpyn (3 A/A reHotunom, p < 0,05) (mabr. 4).

Micns nikyBaHHS BCTAHOBWMMW CTATUCTUYHO 3HAYYLLE
3HmxeHHs piBHiB [KH, HbA1c, iHcyniHy Ta HOMA-IR y
naLieHTiB YCiX TpbOX rpyn cnoctepexerHs (p < 0,05).
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Omxe, BIANOBIAHO OO pesynbraTiB, WO Ofepxany,
nauieHtn 3 A/G i G/G reHoTMnamu 4O NiKyBaHHS Manm
HamnicToTHiWi nposiu IP Ta Buwi pisHi MKH nopisHsHO 3
xBopumu 3 A/A reHotunom. BTim, npusHayeHa Tepanis
O1HAKOBO e(heKTMBHA LLOA0 3MEHLUEHHS nposiBiB IP i 3HK-
xeHHs pisHiB [KH y cvpoBaTLi KpoBi NaLieHTiB 3 yCiX TPbOX
rpyn BOCTIMKEHHS. SHKEHHS piBHS IP nicns nikysaHHs y
BCIX XBOpUX, SIKi nepebyBany nig cnocTepeXeHHsM, Maro
MO3NTUBHI KOPensLiHi 38'A3kM 3i 3MEHLUEHHSM NposiBIB
ML (p < 0,05). Kpim TOro, nicns nikyBaHHS B YCiX naLli-
€HTIB 3adhiKCOBaHO MO3WNTMBHI KOPENsLiiHi 3B’A3KN MixX
3HWxKeHHaM IMT i ameHLweHHam nposis ML (p < 0,05).

06roBopeHHA

Cepen YMHHUMKIB PU3UKY PO3BUTKY Ta MPOrpecyBaHHs
Al HabinbLL 3HaYyLLIMMK € CnadKoBi, WO BU3HAYaOThb
po3BMTOK, 0COBNMBOCTI Nepebiry 3axBoproBaHHs, edek-
TWBHICTb 3aCTOCYBaHHS Nikapcbkux 3acobiB i MporHo3
[32,33,34,35,36).

Mig yac Haworo OoCniIKeHHs BCTAHOBUIHN, IO BCi
obcTexeHi 3 Al i komopbigHum LU 2 Tuny Manu nosuTyBHi
pesyrnsTaTi BHACTIAOK 3acTOCyBaHHS 06paHoi MikyBarnbHoi
TaKTUKW, LLO nepeabadarna BKITHYEHHS O CXEMM NiKyBaHHS
kapseqinony Ta nisuHonpuny. 3adikcoBaHo CTaTUCTUYHO
3HauyLLe 3HWKeHHs piBHiB | CAT, i [JAT, a TakOX 3MEHLLEHHS
MposBiB rinepTpodii Miokapaa NiBoro LLUyHO4Ka B YCiX XBO-
pyiX, sIki 3anyyeHi 40 AocnimkeHHs. 3azHaummo, wo MMJILL ta
iMMIILL y nauienTis i3 reHotunamm A/G | G/G nonimopdHoro
mapkepa 2350 A/G reHa AlN® nicns nikyBaHHS CTAaTUCTUMHO
3HaUyLLIO GinbLui, HiX y XxBOpUX NepLuoi rpynu (A/A, p < 0,05).

Ob6paHa cTparterisi nikyBaHHs1, Lo nepeabdavana 3a-
cTocyBaHHs kombiHaLi iHribiTopie Al® i 6eTa-bnokatopa,
6yna edpekTVBHOLO LLOAO 3HVKEHHS AT 4O LinbOBUX PIBHIB.
BusiBneHa edbekTUBHICTb LMX rpyn Mikapcbkux 3acobiB
BiANOBiAAe pe3ynbraTam, L0 BCTAHOBUNM iHLI Jocnig-
HUKKW. Tak, BCTAHOBMEHO, LLO NawjieHTy 3 noniMopiaMom
reHa AIN® manu BUCOKY YyTnuBiCcTb Jo 6eTa-brnokaTopis,
CepenHIo YyTnuBiCTb 40 GriokatopiB aHrioTeH3uHy Il Ta
iHribiTopis Al®, cnabky Bignosigb Ha AiypeTukm [37].
3a3Hauunmo, L0 B NALEHTIB 3i «CNPUATIIMBIMY FEHOTUMOM
A/A nonimopdHoro mapkepa 2350 A/G Al® 3achikcoBaHo
HalLLBMALLE JOCArHEHHS Ta cTabinisaito LinboBMX piBHIB
AT. Pa3om i3 TUM, Y XBOPUX i3 «HECTIPUSTAIMBUMUN» FEHO-
Tunamn A/G i G/G y npoueci NnikyBaHHs! BUSHAUYEHO GirnbLL
BupaxeHuin perpec ML nopisHsHO 3 nauieHTamm 3 A/A
reHoTvnom. Brim, kpawwmin KiHueBuin pesynstar 3adikco-
BaHO B navieHTiB 3 A/A reHoTUMoM.

Y KNiHIYHIA npakTuui BUCOKMIA AT NoB’s3aHuMN i3 cep-
LIeBO-CYAMHHUMU Ta LiepebpoBackynsipHiMu nogisvm [38].
Tomy pesynbraTi BU3HAYEHHS NoniMopdiaMy reHoTuny
AT MOXyYTb He Tinbkw 6yTv NiArPYHTAM ANs iHavBigyani-
30BaHOI aHTUriNepTeH3NBHOI Tepanii, — Ha NpakTuLi Ui 4aHi
MOXHa BUKOpUCTaTY | Anst NPOrHO3yBaHHs €PEKTUBHOCTI
nikyBaHHs1. [MepenbayatoTb, L0 Taka aHTUriNepTeH3nBHa
Tepanisi 3MeHLUMTb YacToTy MNEPTEH3NBHUX YCKINaOHEHb
BHaCMiZoK e(heKTUBHOIO 3HWxeHHSs AT, 30kpema B naLlieH-
TiB i3 koMop6igHum LI 2 Tvny.

Y HacTynHUX OOCMIIKEeHHAX OOUINbHO PO3LIMPUTU
BMOIpKY XBOPUX i AOCMIAUTU NepexpecHi nonimopdismu,
L0 MOTEHLAHO MOXYTb BMIIMHYTU Ha NpOrpecyBaHHs
ycknagHeHs Al y BigdaneHin nepcnekTusi. Kpim Toro,
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BU3HAYEHHS reHeTUYHOro nonimopdiamy reHa AMN® y
B3aEMOZT 3 NepexpecHuMu nonimopdiaMamm cnpusTume
YAOCKOHAMEHHI0 CXeM NikyBaHHS XBopux Ha Al 3okpema
B 0Cib i3 pecbpakTepHoto Al

BucHoOBKM

1. TeHotunu A/G i G/G nonimopdhHoro mapkepa 2350
A/G reHa AN symoBniotoTb TsikuniA nepebir Al i LI 2
TUMY 3 iCTOTHO BUPaXEHUMU FiNepTPOdIYHUMU 3MiHAMM
MioKapAa NopiBHAHO 3 NauieHTamm 3 reHoTunom A/A.

2. [louinbH1UM € BUKOPUCTaHHS AaHWX LLOAO FreHOTUNIB
A/G i G/G nonimopgHoro mapkepa 2350 A/G reHa AN sk
npenukTopi po3suTKy ML i MeTabonivHMX NopyLUeHb, L0
aCOLLitOHOTHCS 3 BULLMMM okasHukamm IMT, rnikemii Ta iHey-
NIHOPE3WUCTEHTHOCTI, 3HA4HOO aTEPOreHHO AuCHinigeMieto
y MauieHTiB i3 komop6igHUM nepebirom Al i L 2 Tuny.

3. MeaukameHTo3Ha Tepanisi, WO BKMYAE Ni3nHO-
npwvn i kapeeginon, cnpuse eHeKTUBHOMY 3HVXKEHHIO ap-
TepianbHoro TUcky B nauieHTis 3 Al i LI 2 Tuny 3 pisHuvn
nonimopdizmamm 2350 A/G reHa AN, ane HaiiedekTnB-
HiLLOtO € B 0ci6 i3 reHoTunom A/A.

4. XBopi 3 A/A reHoTMnoM noniMopdHOro mMapkepa
2350 A/G reHa ATN® matoThb KpaLLuii NPOrHo3 LWoao edek-
TUBHOCTI 3MeHLeHHs [TIL nicns nikyBaHHs.

MepcnekTUBM NOAAABLUUX AOCAIAXKEHb MONAraldTb
Yy NMPOAOBXEHHI BUBYEHHS! BMNINBY OLHOHYKNEOTULHOIO
nonimopdiamy AMN® Ha npouecn MiokapgianbHoro pe-
MoAentoBaHHs B nauieHTis i3 komopbigHictio Al i LI 2
Tuny. Lle cnpusitume po3pobneHHo nepcoHicikoBaHoro
€(PeKTMBHOMO AOBIOCTPOKOBOIO TEPANEBTNYHOTO KOHTPOSHO
apTepianbHOro TUCKy Ta 3anobiraHHI NporpecyBaHHIo
rinepTpodii NiBOTO LUMyHOYKa.
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Y3-iHauBiayanizoBaHa iHdy3ilHa Tepania B repiaTpuuHUX XBOPUX
nicaa ypreHTHoi abaomiHaAbHOI Xipyprii:
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Y BinbLUOCTi NaLieHTIB NOXWOrO BiKy NpU3HaYeHHs HeobxigHoro 06’emy iHdy3ilHOI Tepanii 4ns npodinakTuky NpepeHansHoOro
rocTporo nowukomkeHHs HUpoK (IMH) notpebye inavBiayaniauii. BeaxxatoTb, L0 ynbTpassykose gocnipkeHHs (Y3[) HKHbOT
nopoxHucToi BeHn (HMB) moxe 6yTn ehekTMBHUM AOAATKOBUM METOAOM OLLiHIOBaHHSI BONIEMIi B LIMX NaLEHTIB.

Meta po6oTu — BU3HaYeHHsi eCDeKTUBHOCTI iHApY3iliHOT Tepanii Ha OCHOBI peayrkTaTie Y3[1 HUKHBLOT MOPOXHWUCTOT BEHU A1st
npodbinaktuku IMH y repiaTpuiH1x XBOPUX MICAs ypreHTHOT abaomiHanbHoi Xipypril.

Marepianu i MmeToau. [1o NpoCneKkTMBHOIO OAHOLIEHTPOBOTO AOCHIMKEHHS 3anyyunnu 50 nauieHTis Bikom 74,5 (68,0; 81,0) poky.
XBopwux noginunu Ha agi rpynu: rpyna A (n = 25, iHdy3iiiHa Tepanis, Lwo spaxosye pesynsratu Y3[] HIB); rpyna B (n = 25,
iHDya3iiiHa Tepanis, Npu3HaYeHa Ha nigcTasi 3MiH NapamMeTpiB remoamHamiki Ta giype3sy). diametp HINB Bu3Havanu 3a gono-
MOroto ynTpacoHorpadii (ynsrpassykosui gatumk CH-6, SIEMENS, Acuson Antares), noka3Huku remogmHaMiky oLiHioBanm
3a gonomoroto TexHonorii esCOO (moHiTop Vismo PVM-2701K, Nihon Kohden, AnoHis). [Ins BUsiBNeHHs Ta cTagiloBaHHS
IMH BukopucTanu knacudikauito KDIGO. CtatucTuiHniA aHania 3aiicHnnm 3a gonomoroto nporpamu Statistica for Windows
13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).

Pesynbrati. [lo6oBuit 06’eM iHysinHOT Tepanii B rpyni A Ha 150 mMn GinbLumiz, Hix y rpyni B (p = 0,049). MauieHtn rpymn A
manu B 1,2 pasa binbLunii cepuewii iHgeke (p = 0,016), Ha 6 MM pT. CT. BULLWIA cepegHin apTepianbHui Tuck (p = 0,012), B
1,3 pasa 6inbLumi yaapHuin 06’em (p < 0,001), Hix xBopi i3 rpynu B. Kpim Toro, BOHM BABIYi pifLue noTpebysanu BUKOpUCTaHHS
Basonpecopis (p = 0,026), B 2,8 pasa — 3acTocyBaHHs aiypeTukis (p = 0,008). KopensuiiiHuii 38’830k Mix yaapHum 06’'eMom,
CepLeBMM iHOEKCOM, cepedHiM apTepianbHuM TUckoM i giameTtpom HIMB cnabkwii, ane goctosipHuia (r = 0,35, r = 0,25,
r=0,29 BignosigHo, p < 0,05). Mpynu gocnimKeHHs He BiAPI3HANMCA 3a IHUMAEHTHICTIO Ta cTyneHem TsbkkocTi [TTH. Y rpyni A
TpuBanictb NepebyBaHHs Yy BiaAineHHi iHTeHcVBHOI Tepanii ctaHosuna 42 (35; 102) roauHu, a B rpyni B — 80 (48; 176) roaunH
(p = 0,028); BkmBaHicTb — Ha piBHi 88 % Ta 40 % 3a rpynamu BignosigHo (p = 0,004).

BucHoBkuU. IHDy3iiiHa Tepanisi, WO IpyHTYETbCS Ha pesyrbtatax Y3[, HKHLOT NOPOXHUCTOI BEHW, MoXe OyTi edheKTUBHO0
B repiaTpUyHNX XBOPUX MICMst YpreHTHOI abaoMiHanbHOT Xipyprii y BigAineHHsX iHTeHcuBHOI Tepanii. OuiHIoBaHHS BONEMii,
LLI0 BPaxoBy€e pe3ynbTaTyl BU3Ha4YEHHA MakcumanbsHoro giametpa HIMB, — xopoLwumi 4oaaTkoBMin METOZ, 3aCTOCYBaHHSA SKOro
cnpusiTUMe iHaMBIgyanisauii 06’emy nicnsionepavinHoi iHy3iiHoi Tepanii, Wwo beanocepeaHbO CNpsiMOBaHa Ha ONTUMI3aLil0
CUCTEMHOI reMoauHaMiky, onocepeakoBaHo — Ha npodinakTuky MH.

US-individualized infusion therapy in geriatric patients
after emergency abdominal surgery: effect on the development of acute kidney injury

N. V. Momot, N. V. Tumanska, S. I. Vorotyntsev

In most elderly patients, prescribing the necessary volume of infusion therapy for the prevention of prerenal acute kidney
injury (AKI) requires individualization. It is considered that ultrasound examination of the inferior vena cava (IVC) can be an
effective additional method of assessing volemia in this category of patients.

The aim is to determine the effectiveness of infusion therapy based on ultrasound of the inferior vena cava for the prevention
of AKI in geriatric patients after urgent abdominal surgery.

Materials and methods. A prospective single-center study included 50 patients (74.5 (68.0; 81.0) y. 0.), divided into 2 groups:
group A (n = 25, infusion therapy based on ultrasound of the IVC); group B (n = 25, infusion therapy based on changes in
hemodynamic parameters and diuresis). The diameter of the IVC was determined using ultrasonography (ultrasound probe
CN-6, SIEMENS, Acuson Antares), hemodynamic parameters were assessed using esCOO technology (Vismo PVM-2701K
monitor, Nihon Kohden, Japan). The KDIGO classification was used to determine the presence and stage of AKI. Statistical
analysis was performed using the program Statistica for Windows 13 (StatSoft Inc., No. JPZ8041382130ARCN10-J).

Results. The daily volume of infusion therapy in group A was 150 ml more than in group B (p = 0.049). Group A patients had
1.2 times higher ClI (p =0.016), by 6 mm Hg higher MAP (p =0.012), 1.3 times greater SV (p < 0.001) than patients in group B.
Also, they required 2 times less use of vasopressors (p = 0.026) and 2.8 times less use of diuretics (p = 0.008). Correlation
between SV, Cl, MAP and IVC diameter was weak but significant (r = 0.35, r = 0.25, r = 0.29, respectively, p < 0.05). The
incidence and severity of AKI did not differ between the study groups. In group A, the intensive care unit stay was 42 (35; 102)
hours versus 80 (48; 176) hours in group B (p = 0.028) and survival rate was 88 % versus 40 %, respectively (p = 0.004).
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Conclusions. Infusion therapy based on ultrasound of the inferior vena cava may be effective in geriatric patients after urgent
abdominal surgery in the intensive care unit. The assessment of volemia based on the determination of the maximum diameter
of the IVC is a good additional criterion for the individualization of the volume of postoperative infusion therapy aimed directly
at the optimization of systemic hemodynamics and indirectly at the prevention of AKI.

LLlopoky Kinbka cOTEHb TMCSAY Nntogen noTpebyioTb Tep-
MIHOBOTO XipypriYHOro BTPYYaHHS Ha OpraHax LUMyHKo-
BO-KMLLIKOBOTO TPaKTY. 3-MOMiX Takvx XBopyx Maike 25 %
CTaHOBNATH NauieHTW noxunoro Biky [1,2,3,4].

IHysiHa Tepanisa — BaxMBa cknagosa nicnsione-
paLiiHoro NikyBaHHs LyX navieHTiB. BHYTpilLHbOBEHHE
BBeLEHHS pianHn HeobxigHe nepedyciM ANns NigTPUMKM
KpoB0ODGiry Ta 3abe3neyeHHs JOCTaBKM KUCHIO [0 XKUTTEBO
BaXIMBUX OpraHiB. 3aHaaTo Manuii 06’'eM piaMHHOIO Ha-
BAHTaXEHHS MOXe MPU3BECTW A0 riNOBOMNEMIi, 3HUKEHHS
nepdys3ii opraHis, LMPKYNSTOPHOTO LUOKY Ta NpepeHanb-
HOrO rOCTPOTO MOLLKOMKEHHS HUPOK (TTTH). HapgmipHe npu-
3HaYeHHs pigyHW 30inbLUYE KiMbKICTb NiCnsonepauinHnx
ycKrnapHeHb, 6e3nocepenHb0 noripLuye (yHKLI0 NereHsb i
cepLs, a TaKOX 3aroeHHs onepaviiiHuX paH Ta aHacTamo-
3iB BHACMIZOK NokanbHoro Habpsiky TkaHwH [1,3,4,5,6,7].
MonoBxeHe NepeHaBaHTaXeHHS PiAVHOK MPU3BOAUTL
[0 eHpoTenianbHOT AMCHYHKLIT Ta CUCTEMHOTO IHTEPCTH-
LiiarnbHOro Habpsiky, 30KpeMa ClPUYMHSE 3acTill Y HUpKax,
3HIKEHHS HUPKOBOI Nepdy3ii Ta knyGouKoBOi dinbTpaLyii,
LLIO 3ro0M TaKOX MOXe 3yMOBUTM po3BuTOK [TTH [5].

[nsa navujieHTiB NOXMIOro Biky XapakTepHUM € 3Hu-
KEHHS isionoriyHnx pesepsis, BiKOBI aHATOMIYHI Ta
(pyHKLIOHamNbHI 3MiHM OpraHiB, BUCOKa YacToTa CynyTHIX
3axBoptoBaHb [6,7]. Lli hakTopn 3HaYHO NiABULLYIOTH
PU3VKV HEraTUBHUX HACNiaKiB | HEAOCTATHLOI, i HAAMIp-
HOI iHpy3ilHOI Tepanii. Tomy Ans repiaTpU4HMX XBOPKX
MPU3HAYEHHs ONTUManbHOro o6’eMy piguHHOI Tepanii
nicnst onepadii € 0cobn1Bo BaXIIMBUM.

BuaHaueHHs pediumTy pianHm Ta 06’emy perigparauii
B YPreHTHiN abgomiHanbHin Xipyprii € cknagHiM 3aBgaH-
HAM. Taki XBOpi HepidKko MalTb B aHaMHe3i HyaoTy Ta
HeoHOpa3oBy GOBOTY, YACTO NPOTSATOM KinbKOX AHIB, a
OTXe B HUX BU3HaYatoTb iICTOTHY Aerigpartavito. [ina agek-
BaTHOI NepionepaviiHoi KoMneHcaLjii Takoi aerigparavii y
naLlieHTiB MOXWITONO BiKY AyXXe BaXIMBUM € MaKCUMarbHO
TOYHE BU3HAYEHHS pearbHOro BONEMIYHOTO CTaTyCy 3 OLji-
HIOBaHHAM AedilnTy pianHM Ta NOrOAUHHUM KOHTPOMEM
remo-rigpobanancy [7].

KniHi4YHi 03HaKK Ta 3MiHK NapameTpiB reMoanHaMmikm
MOXYTb CPOPMYBATU NEBHE YABIMEHHS NPO CTaH Bonemii
B MauieHTa, ane BHACMIQOK Aii KOMMNEHCATOpHUX Mexa-
Hi3MiB BOHM BUSBNSAOTLCS He ogpasy [8]. [loBeaeHo, wo
apTepianbHui Tuck (AT) Moxe 6yT1 HopManbHUM HaBITb
MNPV Takil BTPaTi pianHW, WO AOCTaTHSA ANs PO3BUTKY MO-
niopraHHOi HeJoCTaTHOCTI. YacToTa cepLeBmX CKOPOHEHb
(4YCC) i piypes — nokasHMKK, LLIO He TiMbKW XapaKTepuay-
10Tb BONEMIYHWI CTATYC NALEHTIB, are i 3MiHIITLCS NPy
rocTPOMY 3anasneHHi Ta peakuii Ha ctpec [1]. [Jo Toro X,
CynyTHS KapiarnbHa naTornoris y XBOpyX NMOXWIIOro BiKy
Ta NocTiiHe MpUIUMaHHA Npenaparis, WO BMNMBaOTb
Ha CepLEeBO-CYOUHHY CUCTEMY, HE AalTb 3MOMU YiTKO
opieHTyBaTuCh Ha nokasHukn AT, YCC i giypesy nig yac
OL|iHIOBaHHS BONEMIYHOTO CTaTYyCY.

YnbrpassykoBe gocnimkeHHs (Y3[1) giametpa Huk-
HbOT NopoxHUcToi BeHw (HINB) ik foaaTkoBoro Kputepito
CTyneHsi BOMEMii LUIMPOKO 3aCTOCOBYHOTb Y Cy4acHii
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iHTEHCMBHIN Tepanii Ans onTuMisauii iHdy3inHoi Tepanii.
HINB mae HanbinbLUM fiamMeTp B YCili BEHO3HI CUCTEMI.
Lle ToHkocTiHHa Be3knanaHHa 3a04epeBMHHA CyanHa, WO
BIiONOBIiAAE 3a MOBEPHEHHS BENMKMX 06’'eMiB feokcure-
HOBAHOI KPOBI 3 HYDKHIX KIHLJBOK | YepeBHOI MOPOXHUHM
B npaBe nepeancepas. Matoumn 85 % 3aransHoro 06’emy
KpOBI y BEHO3HOMY kpoBoobiry, HINB € i Baxnusum pe-
3epByapoM, a BapiaLii kaniopy HIB uiTko BianosigaoTs
3MiHam 06’emy KpOBi, LU0 LpKymitoe [9].

[JocnigpxeHHs nokasanu, wo giametp HMB 3HayHO
MEHLLIA y MaLiEHTIB i3 fiNOBONEMIELD, HiX y XBOpUX 6€3 Heil
[10,11]. Oiametp HIMB <10 MM HanpwKiHLi BUAMXY YacTo
BM3HaYaloTb Y pasi Manoro 06’emy kpoBi, a diametp HIMB
>25 MM cBiguMTb Npo rinepeonemito. MMig yac GinbLiocTi
JOCTimpKeHb BU3HaYanm auxasnbHy BapiabenbHicts HIMB,
ane ue TpuBaniLIWi i CKNagHiLLMA METOA, OLHIOBAHHS
peakLii Ha BBeAEHHS pianHu. BBaxatoTb, L0 BU3HAYEHHS
came KpUTWYHOI rinoBonemii abo HopmoBonemii Moxe
6y KOPUCHWUM M Yac OOCMIMKEHHS peakuii Ha BHY-
TPiLLHBOBEHHE BBEEHHS PiAWHM Ta Ans KopekLii 06’emy
iHY3ilHOT Tepanii y XBOpUX, B SKUX CKNaAHO OLHWATK
CTyniHb AediumnTy pianHu Ta rnoro Tpusanicts [11].

MeTta pobotu

BusHaueHHst echekTUBHOCTI iHGpy3iHOT Tepanii Ha OCHOBI
pesynetatiB Y3[ HWKHBOT NOPOXHWUCTOI BEHW Ans Npo-
inakTukn MMIH y repiaTpuyHnX XBOPUX NiCNSA YPreHTHoT
abpomiHanbHoi Xipyprii.

Marepianu i meToAM AOCAIAKEHHA

[ocnimkeHHst cxBaneHe Komicieto 3 nutaHb GioeTuku
3anopi3bkoro aepxaBHOTO Meanko-hapMaLEeBTUYHOTO
YHiBEPCUTETY; YCi NaLieHTV Haganu NMCbMOBY iH(POPMO-
BaHy 3rofy Ha y4acTb.

[lo 0QHOLIEHTPOBOTO MPOCMEKTUBHOIO AOCHIMKEHHS
nocnigoBHo 3anyunnu 50 nauieHTis Bikom noHag 60 pokis.
Yci xBopi NpoonepoBaHi ypreHTHO 3 NPUBOAY NEPUTOHITY
Ta Hagjiiwnm Jo BigdineHHs iHTeHcwBHOI Tepanii (BIT)
AN NPOJOBXEHHS MiKyBaHHsA. KpuTepii BUKNOYEHHS
— MOLLKOKEHHSI CEYOBOr0 MiXypa, XpPOHi4Ha HMpKOoBa
HE[0CTaTHICTb B @aHaMHe3i, MEPUTOHIT Ha (OOHI TSHKKOrO
naHkpeaTtuTy abo NaHKPeOHeKPO3y, HaaxomkeHHs oo BIT
nicnsa penanapoToMii.

Lnaxom npocToi KoMM'tlOTEPHOI paHgoMi3aLii na-
LieHTiB moginunn Ha asi rpynu: A — rpyna iHameigyani-
30BaHOi iH(Y3iNHOI Tepanii 3 OLiHOBaHHAM BONeMii Ha
OCHOBI AaHUX Y3[] HUXHBOT NOPOXHUCTOI BeHU, B —rpyna
CTaHOapTHOI iH(Y3iHOT Tepanii 3 BU3HAYeHHAM BOMeMmii
Ha OCHOBi 3MiH NapameTpiB remMoguHamiki Ta aiypesy.
[ocnigxeHHa TpMBano 4o Yacy, Ko XBOpUIM Mir BinbHO
npuUMaTK pignHy BCEPEaMHY; MakcuManbHa TpyBarnicTb
— cboMa foba nicnsionepaLinHoro nepiogy.

[ns aHanisy 3ibpaHo aAemorpadiyHi, KNiHiYHi Ta nabo-
PaTOpHi AaHi, NepBUHHI Ta BTOPWHHI giarHoaw. MNepegone-
paLiiHoO BU3HaYanu puank po3suTky IMH 3a gonomoroto
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Tabauus 1. Kputepii knacudikauii KDIGO npu 'TH

Toun iypeay

1

3pocTaHHs B 1,5-1,9 pasa Big 6a30B0ro piBHS B Mexax 7 AHiB
a60 3pocTaHHs 227 mkmonb/n (0,3 mMr/an) y mexax 48 rogn

3pocTaHHs B 2,0-2,9 pasa Big 6a30B0ro piBHS B Mexax 7 AHiB

3pocTaHHs B 3,0 pasa Big 6a30Boro piBHs B Mexax 7 AHIiB
a60 3pocTaHHs 2354 Mkmonb/n (24 mr/an), abo noyYaTok 3aMmicHOi HUPKOBOI Tepanii

<0,5 mn/kr x rog npotsirom 6-12 roguH

< 0,5 mn/kr x rog npoTsirom 212 roguH

<0,3 mMn/kr x rog NpoTAroM =24 roguH
ab0o aHypist 212 roguH

Puc. 1. Y3[1 HuxHbOI nopoxHucToi BeHu (BnacHi aai). MMN: npase nepeacepas; M: neuinka;
MB: neuiHkoBa BeHa; HMB: HWXHS NOPOXHUCTA BeHa.
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kanbkynstopa ACS-NSQIP [12]. Onepauii BCiM XxBOpUM
BVKOHAHO Mif TOTANbHOK BHYTPILLHEOBEHHO0 aHECTESIEID
3i WTy4HOW BeHTUnAuicto nereHb (LUBIT). Y nicnsione-
paviiHoMy nepioAi B NaLieHTIB 34iCHANM CTaHAAPTHUN
MOHITOPWHI TeMOAWNHAMIKW, BUMIPANIN BHYTPILLIHbOYE-
pesHuiA TUCK (BYT) TpaH3BesukansHuM mMetogom (Kron
& Iberti, 1984), ouiHUNM TAXKICTb CTaHy 3a 4OMNOMOrO
wkanu SOFA [13], BuaHaumnu cepuesun iHaeke (Cl) Ta
yaapHuii o6’em (YO) 3a gonomoroto TexHonorii esCOO
(moHiTop Vismo PVM-2701K, Nihon Kohden, Anoris).
LLloaHs nig yac nepebyBaHHs nauieHTis y BIT BusHavanu
HasBHICTb Ta cTagito [TIH BignosigHO A0 Knacudikauii
KDIGO [14] (mabn. 1).

MpoTarom 72 roguH nicns onepadii XBopum 3ainc-
HUWM MynbTUMOAAnbHY aHanresit 3 060B’SI3KOBUM
perioHapHWM 3HebosoBaHHSIM NepeaHboi YepeBHOT
ctitku (TAP-block abo rectus sheath block). [Ins BeHTH-
nsuinHoi nigTpumky y BIT 3a notpebu BukopucToByBanu
nponosxeHy LLIBJ1 anapatom Hamilton C1'y pexumi ASV
3i 30epeXKEHHAM AMXanbHUX 3yCurb.

LLloneHHo 3paHKy xBopum rpynu A BukoHysanu Y3[
HWKHBOI MOPOXHWCTOI BEHM Ta KopuryBanu ob’em iHdysiit-
HOI Tepanii 3anexHo Bif Woro pesynsrartis. Bumiptosanu
niametp HIMB i3 cybkocTanbHOro 4OCTyny 3a JONOMOro0
KOHBEKCHOrO fjaTumka 3 YacToToto xBuni 2-5 My (ynb-
TpassykoBuin aatunk CH-6, SIEMENS, Acuson Antares)
y NONOXeHHi NavjieHTa nexaun Ha cnui. Mig vac gocni-
[DKEHHS [aTuyvk NO3uLioHyBanu cnpaea Bif CepenHboi
TiHiT, BUKOPUCTOBYHOUM NEYIHKY SIK aKyCTUYHE BIkHO Anst
Bidyanisauji No300BXHLOro 300paXKEeHHS HXKHBOT MOPOX-
HucToi BeHw. [liametp HIMB BumiptoBany Ha BigcTaHi 3 cm
BiZl NpaBoro nepencepas abo 6esnocepenHL0 AncTanb-
HilLle Bif NEYiHKOBOI BEHM (puc. 1).
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[iametp HMB >10 MM BU3HA4YMAK SIK HOPMOBOSEMIO,
piovHHY Tepanito (BpaxoBytoum nepopanbHe NpUAMaHHs
PiAMHM) NPU3HAYMNW 3aneXHO Bif diionoriyHnx notped
BIZMOBIAHO A0 BiKy Ta NATONOrYHMX BTPAT (rineprepmis,
6ntoBoTa, TaxinHoe Towo). fliameTp HINB >20 MM Bu3Ha-
YUNK SIK NPEAMKTOP rinepBoneMmii, 0bMexunu BBeeHHs
piavHKM BignoBigHO Ao dhiionoriyHoi notpebu 3a ikom. [i-
ametp HIB <10 MM BU3HaY1nu Sk riNOBONEMItO, TOMY KpiM
dpisionoriyHnx noTpeb y piavHi, BPaxoBykUmM NaTonorivHi
BTpaTu, xBopi otpuMyBanu 8—10 mn/kr/poby kpucTanoigis
i3 HacTynHUM koHTponem Y3[ HIB.

XBopi 060X rpyn AOCNigXEeHHS OTpUMyBanu
36anaHcoBaHi iH(y3iliHi po3unHun. [okasaHHa ons
NPU3HAYEHHS AiyPeTUKIB Y BCIX NALIEHTIB — HEMOXIUN-
BiCTb 0OMEXUTU NpUIMaHHS piauHK, rinepkaniemis Ta
Habpsik nereHb, JoaaTkoBo — Aiametp HMB >20 mm y
XBOPMX i3 rpynm A.

AK KIHLEBI TOYKM AOCTIAKEHHS BUSHAYEHO CTafito Ta
TpuBanicTb IMH, HeobXigHICTb 3amicHOT HUPKOBOIT Tepanii,
TpvBanicTb nepebyBaHHs y BIT, BuxvBaHiCTb naLieHTiB.

CTtatucTMYHMIA aHani3 3aicHMNM 3a 40NOMOro
nporpammn Statistica for Windows 13 (StatSoft Inc.,
Ne JPZ8041382130ARCN10-J). besnepepsHi aaHi
HaBeeHi SK MefjiaHa Ta MXKBapTUIIbHWI po3Max; KaTe-
ropianbHi AaHi — K BigcoTkW. [ns NOPIBHAHHS KAiHIYHNX
XapakTepucTuk y rpynax sukopuctanu U kputepin MaH-
Ha—BiTHi. [Ina BU3Ha4YeHHs kopensuii Mix nokasHukamm
3acTtocyBanu koegilieHT CripmeHa. BigmiHHOCTI 3i 3Ha-
YyeHHsM p < 0,05 BBaxanu BiporigHUMMN.

PesyAbTati

XapakTepucTuka XBopux, siki 3ayveHi 40 JOCHIMKEHHS,
HaBefeHa B mabnuyj 2.

3a gaHumu, Wo HaeedeHi B mabnuui 2, rpynu na-
LieHTiB 3icTaBHi 3a Bikom, ctatTio, IMT, komopbigHo
NaTomnoriet, TSKKICTIO CTaHy, XxapakTepucTiKaMmu one-
paTUBHUX BTPyYaHb i BENMUYMHOK (DaKTUYHOTO PU3MKY
po3BuTKYy micnsionepauinHoro MH. MNMepeponepauiiHo
nauieHTv rpynu A Manu BULLMIA piBeHb reMornobiHy, ane
mefiaHa nokasHukiB B 060X rpynax Bignosigana HopMi:
145 (129; 154) r/n y nauienTis rpymu A Ta 122 (89; 143)
r/n'y naujeHTis rpynu B. Micns onepadii rpynu nawjieHTis
BiporigHoO He BiApi3HANUCS 3a NOTPebo B reMoTpaHC-
dysii Ta YacToToro nicnsionepaviHoi aHemii (p > 0,05).

B iHTpaonepaviiHomy nepiogi rpynu A ta B BiporigHo
He BIpi3HANMCA 3a BCiMa MokasHuKamu, Lo BUBYAIU
(p > 0,05). 3asHaummo, WO Mig Yac HALXOMKEHHS 10
BIT nicnsa onepauii 11 (44 %) naujeHTis i3 rpynn A manu
piavetp HIMB meHwe Hix 10 mm, 1 (4 %) xsopun mas
diametp HIMB noHag 20 mMwm.

Y nicnsonepadiiHomy nepiogi nauieHtv rpynu A
OTpUMYBanM JOCTOBIPHO BinbLuuii 06’em iHY3ilHOT Te-
panii (p = 0,049). Xoua pi3HuLsa MediaH LibOoro nokasHuka
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cTaHoBuna nuwe 150 mMn, BOHa BUSIBUNACS 3HAYYLLOH.
BcTaHoBneHa TakoX 4OCTOBIpHA PisHULS 3@ BUKOPUC-
TaHHAM AiypeTuka: dypocemia y rpyni A oTpumysanu 6
(24 %) nauienTis, y rpyni B—17 (68 %) xsopux (p = 0,008).
Mig yac nikysaHHs y BIT nauieHTv rpynn A NopiBHSHO 3
XBopuMy i3 rpynu B manu goctosipHo GinbLunii Cl (3,78
(3,02; 4,16) n/xe x m? Ta 3,10 (2,68; 4,12) n/x8 x M? Big-
nosiaHo, p = 0,016), cepenHiit aptepianbHuii Tuck (91,0
(83,5; 99,5) mm pr. ct. Ta 85,0 (77,0; 95,0) mm pT. CT.
BignosigHo, p = 0,012), YO (81,5 (65,0; 88,5) mn Ta 65,0
(58,0; 75,0) mn BignosgigHo, p < 0,001). Kpim Toro, B H1X
3achikcoBaHa BABIYi MEHLLIA YaCcTOTa BUKOPUCTAHHS CUM-
natomimeTnyHoi migTpumkn: 8 (32 %) i 16 (64 %) xsopux
BignoBigHo 3a rpynamu, p = 0,026.

HanpukiHui JocnimKeHHs BCTAHOBUNW: NauieHTn 3
rpynu A Manmu JOCTOBIPHO MeHLUNA Yac nepebyBaHHs y
BIT — 42 (35; 102) roguHu npotn 80 (48; 176) roguH y
rpyni B (p=0,028). Y H1x B13HaYeHa 1 BULLLA BUXKMBAHICTb
— 88 % npotn 40 % (p = 0,004). Mpynu focnimxeHHs He
BiOPI3HANMCS 3@ 4acTOTO, TpMBAnICTHo Ta ctagieto [MH.
XogHomy nauieHTy 3 060X rpyn He NpusHadanu 3amicHy
HUPKOBY Tepanito B nicnsonepadinHomy nepiogi. Brim, i
cepeqHin piBeHb kpeatuHiny (KP), i ioro makcumanbHe
3HAYEHHS HWXYi B NauieHTiB i3 rpynn A MOpiBHAHO 3
xBopumu 3 rpynu B: KP — 133 (95; 176) mkmons/n i 165
(120; 212) mkmonb/n BignosigHo (p = 0,002); KP max
— 153 (107; 180) mkmonb/n i 191 (134; 263) mkmonb/n
BignosiaHo (p = 0,045). Cepepni 3HayeHHs BYT y rpyni
A [OCTOBIPHO MeHLLi, Hix y rpyni B (7,4 (6,0; 9,0) mm pr.
ct. 12 9,0 (6,0; 12,5) Mm pT. cT. BignosigHo, p = 0,02).

Y pesynbrarti KopenswiiHoro aHanidy 3a 4ONOMOrow
KoediLlieHTa raMma BCTaHOBWIIM, LLIO 3B’S30K MiX BEMNW-
yuHamu YO, CI, CAT i pgiametpom HIMB cnabkwii, xo4
i poctoBipHun (r = 0,35, r = 0,25, r = 0,29 BignosigHo,
p <0,05) (puc. 2).

06roBopeHHA

Baxnueum 3aBgaHHAM y nmicnsonepawiinHoMy nepiogi
€ OLHIOBaHHS CTaHy BOMeMii AN BU3HAYEHHS TaKTUKW
iHGpysilHOT Tepanii. HesBaxatoun Ha npoBeadeHy nepea-
Ta iHTpaonepaLiiHy piauHHY pecycuuTaLliio, XBOpi Ayxe
4acTo HapxoaaTe 4o BIT y crani rinosonemii; dikcytoTb
TaKOX BUNaZKW, KOMW NauieHTN OfepXKyBani HagMipHUi
06’eM pignHW. Y pasi niagTBEepMKEHOr0 NpepeHasnibHoro
MH 36inblueHe iHdy3iliHe HAaBaHTAXEHHS € 30M0TUM
craHgapTom. OfHak NPOJOBXKEHHS Takoi Tepanii micns
KopeKLii rinoBonemii Npn3BoanTb A0 30iNbLUEHHS 3a-
XBOPIOBAHOCTI, CMEPTHOCTI Ta TpMBaNocTi nepebyBaHHs
B NiKapHi, @ TakoX [0 NiABULLEHHA PU3NKY PO3BUTKY
nicnsonepadinHoro MH [15].

HwxHS nopoxHuWCcTa BeHa — MmarictpanbHa BeHa 3
BMCOKIM CTyMeHeM Kkonancy. ii giameTp TicHo kopenioe
3 (byHKUiAMM npaBoro Bigdiny cepus. BctaHoBneHo,
Wwo Ha giametp HIB He BniMBae KOMMEHCATOpHa Ba-
30KOHCTPUKTOPHA peakLjist opraHiamy Ha BTpaTy ob’emy
KpoBi, Wo umnpkynoe. OTxe, aiametp HIMB TovHiwe xa-
pakTepusye cTatyc 06'€MHOM0 HaMOBHEHHS! CYAWH, HiX
iHWi napameTpw, WO onucylTb poboTy apTepiansHoOi
CHCTEMW OpraHi3my, SK-0T apTepianbHuin TUCK, YacToTa
CepLeBmX CKOPOYEHb i MynbCy, AiameTp aopT ToLwo [16].
lMoKa3sHWKM reMoguHaMiKu He € HagiiHUM OPIEHTUPOM He
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OpwuriHaAbHiI AOCAIAXKEHHS

Tabauus 2. 3aranbHa XxapakTepucTuka nauieHTis

MokasHuk, ognHULI Yci nauienTn, Tpyna A, I'pyna B,
BUMipIOBaHHSA n=50 n=25 n=25

Bik, poku
Yonogiya ctatb, n (%)
IMT, kr/m?

Komop6igHa natonoris

74,5 (68,0; 81,0)
17 (34 %)
24,1 (21,6; 27.,5)

73,0 (66,0; 81,0)
7(28 %)
24,2 (22,7; 26,1)

75,0 (70,0; 81,0)
10 (40 %)
23,4 (20,8; 29)

CH, n (%) 33 (66 %) 13 (52 %) 20 (80 %)

X, n (%) 45 (90 %) 21 (84 %) 24 (96 %)

LA, n (%) 12 (24 %) 5(20 %) 7 (28 %)
Mepeponepauiniuit nepion

ASA, knac 3(3;4) 3(3;4) 3(34)

Puauk IMH

Mpunyctumui, % 1,50 (0,95; 2,45)  1,30(0,80;2,30) 1,60 (1,30; 2,50)

dakTnyHuin, %

415(1,95;6,75) 3,20 (1,10; 8,00)

5,00 (3,30; 6,40)

BuxigHuit Hb, r/n 130,5(102; 151) 145 (129; 154) 122 (89; 143)
Buxignuin KP, mkmons/n - 100 (83; 129) 93 (82; 119) 103 (92; 129)
Anemis, n (%) 11(22 %) 3(12 %) 8 (32 %)
IHTpaonepauinHuit nepioa

Onepauis

Jlanapotowmisi, n (%) 48 (96 %) 23 (92 %) 25 (100 %)
Jlanapockoris, n (%) 2 (4 %) 2(8 %) 0(0 %)
TpusanicTb onepauii, x8 115 (75; 150) 100 (75; 150) 115 (75; 150)
TpusanicTb aHectesii, x8 125 (95; 167) 115 (95; 165) 130 (95; 175)
3aranbHa iHdysis, mn 2250 (1400; 2800) 1900 (1300; 2400) 2400 (1700; 3100)
Basonpecopu, n (%) 18 (36 %) 8(32 %) 10 (40 %)
MicnsionepauiiHunit nepioa

Yac B crauioHapi, foba 12 (8; 14) 12 (9; 13) 12 (7; 14)

Yac y BIT, ron 61(37; 130) 42 (35; 102) 80 (48; 176)
MoeTopHO Y BIT, n (%) 7 (14 %) 2(8 %) 5(20 %)
BuxuBaHicTb, n (%) 32 (64 %) 22 (88 %) 10 (40 %)

SOFA, 6anu 2(1;3) 3(2;3) 2(1;3)

Atewmis, n (%) 30 (60 %) 12 (48 %) 18 (72 %)
IHcbysisi, mn/poBa 2000 (1500; 2500) 2150 (1700; 2500) 2000 (1400; 2400)
Basonpecopu, n (%) 24 (48 %) 8 (32 %) 16 (64 %)
TemotpaHcdysis, n (%) 8 (16 %) 2(8 %) 6 (24 %)

Cl, n/xs x m? 3,25(2,78;4,12) 3,78 (3,02;4,16) 3,10 (2,68; 4,12)
CAT, MM pT. CT. 87,0(80,0;97,00 91,0(83,5;99,5) 85,0 (77,0;95,0)
YO, mn 71,0 (60,0;83,0)  81,5(65,0;88,5) 65,0 (58,0; 75,0)
Hiypetukn, n (%) 23 (46 %) 6 (24 %) 17 (68 %)
[iypes, mn/noba 1300 (800; 2200) 1350 (1000; 2175) 1300 (800; 2300)
BYT, mm p. cT. 7,4 (6,0; 11,0) 7,4 (6,0;9,0) 9,0 (6,0; 12,5)

KP, mkmonb/n
KP max, Mkmonb/n

146 (106; 194)
171 (120; 230)

133 (95; 176)
153 (107; 180)

165 (120; 212)
191 (134; 263)

TH, n (%) 37 (74 %) 17 (68 %) 20 (80 %)
Cragpis 'MH, n (%)

1 21 (56,8 %) 11 (64,8 %) 10 (50 %)

2 8(21,6 %) 3(17,6 %) 5(25 %)

3 8 (21,6 %) 3 (17,6 %) 5 (25 %)
TpusanicTs MH, rog 72 (48; 96) 48 (48;72) 72 (48; 120)

0,42
0,47
0,50

0,23
0,47
0,63

0,6

0,12
0,10
0,026
0,32
0,23

0,47

0,66
0,66
0,20
0,63

0,80
0,028
0,23
0,004
0,66
0,15
0,049
0,026
0,33
0,016
0,012
<0,001
0,008
0,061
0,02
0,002
0,045
0,47

0,45
0,71
0,71
0,13

IMT: iHpexc macu Tina; CH: cepueBa HegocTaTHicTb; FX: rinepToHiuHa xBopo6a; LU: LykpoBuii
aiabert; FMH: roctpe nowkomkeHHs HUpok; Hb: remorno6in; KP: kpeatuHin; Cl: cepuesuii ingekc;
CAT: cepepniit apTepianbHuii Tuck; BUT: BHyTpiwHbOYepeBHUIA TUCK; YO: yaapHuii 06'em.

TiNbKMW N5 CTaHIB HU3bKOro 06'eMy KPOBI, LLIO LIPKYTIHOE,
arne i He AatoTb AOCTOBIPHOI OLLIHKM HOPMOBOSEMIT a6o
nepeBaHTAXEHHS! PiAMHOID, TOGTO He BKa3ytoTb, KONW Chif,
MPUMUHUTIA BHYTPILLIHBOBEHHE BMBaHHS piguHn [17]. Ha
BigMiHy Bif NniaHoBOi a6A0MiHanbHOI Xipypril, B yPreHTHX
BUMNaAKax OyKe CKMaaHO SOCTOBIPHO OLIHWTK pearnbHUi
rippobanaHc XBoporo, amxe [OBOMI CKNaaHo obpaxysaTu
nepegonepawiiHuin aedilmT pignHn BHacnigok 6rmosoty,
0OMEXEHOro BXVBaHHS PiUHM Ta NaTonoriYHnX BTpaT y
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Tak 3BaHWiA TPETIN NpocTip. ToMy BUMIpIOBaHHS AiameTpa

2a HIMB € pouinbHYM METOLOM OLHIOBaHHS CTaHy BONEMIi sk

. [OOMOMIKHUIA NPY BU3HAYEHHI KIiHIYHKMX 03HaK 3arasibHoi
Jerigparauii.

120 © Po3pisHsAloTe ABa NPUHLMNOBKUX MigXoau A0 Zocni-

1o i [KEHHS! HKHBOT MOPOXHWUCTOI BEHW: BU3HAYEHHS T

MaKCcMMarnbHOro fiiametpa Ta OLiHIOBaHHS AUXanbHOi
BapiabenbHoCTi (iHaekc poaTspkHocTi). Mig Yac Haloro
OOCTIIKEHHS He BU3Hayanm ingekc postshkHocTi HIMB,
a[pKe U MeToamMKa nokasana abcontoTHY NPOrHOCTUYHY
LiHHICTb MWLLE B KOHKPETHIN rpyni NaLieHTiB — Ha npumy-
cosiit LLIBJTy koHTponboBaHoMy pexumi (6e3 anxanbHux
3ycune) [10].

BusHayanu came makcumansHuin giametp HIMB, amxe
naLieHTu B nicnsionepaviiiHomy nepiogi nepebysanu abo
0 . Ha CMOHTaHHOMY [UXaHHi, 260 Ha AOMOMiKHIN BEHTURALLT
o o nereHb 3i CNOHTaHHUMW AnXanbHUMK 3ycunnamu. Bigo-

2 Tor o8 o8 10 12 i1 1s s 20 22 24 MOCTi (haxoBOI NiTepaTypyn Takox CBigvaTb, L0 XBOPI 3

nigeuwernm BYT matumyTb HIB 3i 3HUXeHUM Komn-
naeHcoMm, Lo Moxe Byt nomMmnkoBo TpakToeaHo [11].
Bauman Z. et al. umipsnu HIMB go Ta nicns HaknagaHHs
26 NHEBMOMNEPUTOHIYMY Mid Yac nanapockoniYHOro BTpyYaH-

6 Hs1. ABTOpM BCTaHOBUNK, O AiameTp HINB 3meHLyBaBcs
maixe Ha 24 % npw NigBULLEHHI BHYTPILUIHBOYEPEBHOMO
° Tucky o 15 mMm p. cT. [18]. [ig Yac HaLoro AoCHimKeHHs
megiaHa BYT y rpyni gocnimkeHHs craHosuna 7,4 (6,0;
° 9,0) MM pT. CT.; Lie He MO0 BNIMHYTW Ha [OCTOBIPHICTb
BUMiptoBaHHs giameTpa HIB.

Y npaui Y. Yanagawa et al. HaBegeHo, WO B nai-
€HTIB i3 TPABMOIO Ta LLOKOM AiaMETP HWKHBOI NOPOX-
HUCTOI BEHM cTaHoBMB 6 MM [19]. Mig yac gocnimkeHHs
J. M. Brennan et al. obctexunu naujieHTiB Ha remogianisi
3 HU3bkM AT Ta BUABUNK, WO 92 % XBOPUX Manu po3mip

YO, mn

Cl, n/xs-m?
E

° 4 ° ° oo HIMB <8 mm [20]. MeTtaaHani3 A. Dipti et al., 3giicHeHui y

2 2012 poui, nokasas: yCi NaLiEHTH 3 LLIOKOM Manu po3mip
7 HIMB <15 mm, cepeaHe 3HayeHHs — 11 mm [21]. Y pobori

. o M. Feissel et al. nokasaHo, wo 29 i3 30 nauieHTiB, y SKUX
02 04 06 08 10 12 14 16 18 20 22 24 He 3adhikCOBaHO NMO3UTVBHUX PE3ynbTaTiB Bif BBEAEHHS
HIB, cm piovHM, Manv poawmip HIB nowag 15 mm [22]. [pyHTyto-

ymnch Ha umx gaHux, C. W. Lee et al. 3pobunm BUCHOBOK,

Lo MakcumansHuii giametp HMNB meHLwe Hix 15 mm byae

[OCTaTHbO YYTIMBUM i crneundiyHUM KpuTepiem nosu-

150 TWBHOI peakLii Ha BBeAeHHs pignHm [23]. Schmidt G. A.

et al. 3anponoHyBanu cBil anropuTMm, SKLLO NALEHT Auxae

CroHTaHHo abo nepebysae Ha gonomixHin LLUBJI. Lien

anropuTM I'pyHTYETLCA Ha BU3HAYEHHi came Makcumarb-

Horo giameTpa HIMNB. AsTopy nokasanu: HINB MeHLue Hix

° 10 MM y giameTpi CBiQUMTb, WO NaLlieHT nepebyBae y CTaHi

rinoBonemii Ta NO3UTUBHO pearyBaTUMe Ha BBEAEHHS

piguHK; skwo giametp HMB ctaHoBUTL NoHag 25 mm,
iIMOBIPHICTb BIgNOBIAI HA PiAVHY HU3bKa [24].

3a pesynbratamu Haworo JocnimkeHHs, 44 % na-

uieHTiB i3 rpynn A Hagiwnu po BIT i3 giametpom HIMB

70 o o © | meHLe 3a 10 MM, To6TO y CTaHi rinoBonemii, notpedysanu

npu3HaYveHHs «nibepanbHoiy iHgy3iHoi Tepanii; 4 % xBo-

PUX Manu fiaMeTp HMXHBOT MOPOXHNUCTOT NoHad 20 MM, y

50 HUX JOUiNbHUM ByB «PECTPUKTUBHUIAY NiXia Ao iHAya3ii;

02 04 06 08 10 12 14 16 18 20 22 24 52 % nauieHTiB Manu HopmanbHi poamipu HIB Ta He

HIB, cm notpebyBanv 4OAaTKOBOI PiAMHHOT pecycumTalii, a nuwe

koMneHcavii idionoriyHmX i naTonorivyHuX BTpart. Ha Hawy

Puc. 2. Kopensuiiiwit awania mibx HIB Ta YO (a), CI (6), CAT (s). AymKy, Came anropuTM Kopekuii iHebyaiiHoi Tepanii, o

PYHTYETBCS Ha OLiHIOBAHHI MaKCMMarnbHOro fiameTpa

2B

140 o ©

CAT, MM pT. CT.
3 2 8 38
o o o o
o

©
t=

80

60
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HIMB, cnpusiB NOKPaLLEHHI0 CUCTEMHOI reMOAMHAMIKA B
NaLieHTIB Ta 3MEHLLEHHIO BUKOPVCTaHHS cMnaTtoMime-
TWYHOT NATPUMKNM. XoYa rpynu AOCHigKeHHs JOCTOBIPHO
He Bigpi3HAnMcs 3a YacToToto Ta TpusanicTio 'MH 3rigHo
3 kpuTepismu KDIGO, nicnsionepaLiiiHi piBHi KpeaTuHiHy
BipOrigHO Hvpkui B rpyni, Ae BukoHany Y3[ HIMB.

[pyrim BaXnvBmMM acCneKTOM € KOHTPOMb AOCTATHOCTI
BBeJEHOI pianHW. KpiM cTaHgapTHOro reMoamMHamiYHoro
MOHITOPUHTY, HaNYacTiLLe AN LbOro KMiHILMCTW Npru3Ha-
YaroTb Aiypetuku. 3rigHo 3 BucHoskamu |. E. McCoy et al.,
OiypeTnki 3aCTOCOBYBanu Mamxe B NMOMOBUHI BUNagkis
rocniTaniauii fo BipAineHs iHTeHcBHOT Tepanii (49 %,
22 569 i3 46 037 nauieHTiB). ABTOpY BCTAHOBWIH, LLIO
dypocemin — HaNMOLMPEHIWWA CEYOriHHMIA 3acib, a
TaKoX 3pobWIN BUCHOBOK, LU0 CTpaTerii Lo3yBaHHS aiy-
peTuKiB MOXYTb ByTV HeonTuMansHUMK [25].

3a pesynbratamMu HaLoro JOCTIMKEHHS!, B MaLieHTIB
3 rpynu A 3adikcoBaHO AOCTOBIPHO MEHLLY 4acToTy
NPU3HAYeHHS CeYOriHHMX 3acobiB. 3MEHLLEHHS BUKO-
PUCTaHHA OiypPETUKIB, HA HaLLy AyMKY, MOB'Si3aHe came
3 3aCTOCYBaHHAM [104aTKOBOMO KPUTEPIKD OLiHIOBaHHS
— piametpa HIMB, wo Bu3HaveHuin 3a gonomoroto Y3/,
a TaKoX TOYHILLMM KOHTporem o6’'eMy BBEAEHOI piavHu.

BucHoBKU

1. IHdpy3iHa Tepanis, WO rPyHTYETLCA Ha pesyrb-
Tatax Y3[] HUWXHbLOI NOPOXHWUCTOI BEHW, MOXe ByTK
e(PeKTMBHOI B repiaTpuyHMX XBOPWX MICNSA YPreHTHOI
abnomiHanbHoi Xipyprii' y BinaineHHsX iHTeHCUBHOI Tepari.

2. OuiHioBaHHs BOMeMii, L0 BPaxoBye pesynsratu
B3HAYEHHA MakcumanbHoro diametpa HIB, — xopoLuui
[l0AaTKOBUI METOA, 3aCTOCYBaHHS SIKOTO CrpusiTUMe
iHAvBigyanisawii 06’emy nicnsonepauinHoi iHy3inHOT
Tepanii, Lo 6e3nocepeaHbO CpsiMOBaHa Ha ONMTUMI3aLL|0
CUCTEMHOI reMoAHaMiKuW, onocepeaKoBaHo — Ha Npodi-
naktuky MH.
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Today, diabetes mellitus (DM) represents a problem on which the attention of endocrinologists, general practitioners, and dentists is
focused. Early pathological changes, which manifest themselves in the oral cavity, determine the relevance and social significance
of this pathology, because dentists are usually the first to diagnose disorders of carbohydrate metabolism based on the results of
the analysis of specific complaints and typical clinical symptoms of damage to the mucous membrane and periodontal tissues.

The aim of the work is to find out the pathogenetic characteristics of the reparative component of the post-extraction alveolar
socket depending on the time after tooth extraction in experimental diabetes.

Materials and methods. In total, 120 sexually mature (age 8-10 months) male Wistar rats, divided into 8 groups of 15 animals
each, were used for research. Complex immunohistological, radiographic and biochemical studies were used for the purpose
of detailed analysis of the features of the course and mechanisms of development of complications after tooth extraction
against the background of DM. In order to assess the state of the innate link of local immunity, the specifics of the course of
repair processes at different times of the post-extraction period, the levels of cell proliferation (by expression of Ki-67) and the
concentration and content of CD68-positive macrophages in the mucous membrane were determined immunohistochemically.
In order to determine the state of the bone tissue of the dental and jaw apparatus and the levels of mineralization of the hard
tissues of the molars in the animals of the experimental groups, radiovisiographic images of the right half-mandible were
analyzed with determination of the radiographic density.

Results. Analysis of proliferative-reparative relationships showed almost no macrophages and very low proliferative activity in
the intact periodontium, on the other hand, in DM, initial significant diffuse infiltration by CD68-immunopositive cells with high
levels of Ki-67 expression was found. Analysis of X-ray images of the half-mandible revealed that induced DM in rats, even
without prior surgical intervention, led to the intensification of resorption processes in bone tissue, which was evidenced by a
decrease in radiographic density in the root region of the 1t molar and intraalveolar bone membranes of all three lower molars.

Conclusions. In the intact periodontium, there are almost no CD68-immunopositive macrophages and very low proliferation
activity in the periodontal soft tissues. In experimental diabetes, on the contrary, initial significant diffuse infiltration by CD68-
immunopositive macrophages with high proliferative activity of most fibroblasts is determined. Induced diabetes in rats, even
without prior surgical intervention, leads to increased resorption processes in the bone tissue of the mandible and long-term
prolongation of the inflammatory process after tooth extraction.

BnauB LyKpoBOro aiabety Ha xapakrep 3miH npoueciB pe3op6uii
Ta penapauii B TKAHWUHaX NApPOAOHTA Ta HUXKHbOI LLEAEeNH NiCAS BUAAAEHHA 3y6a

A. B. A6pamos, K. C. laHueB

HwHi wykposwin giabet (LI) 3anuvwaetbcs CKNagHUM NUTAHHAM, BUBYEHHSIM SIKOMO 3aiMatoTbCsl eHOAOKPUHOMOM, mikapi
3arasibHOI NPaKTWKW, @ TaKoX CTOMATonork. PaHHi natonorivHi 3MiHu, Lo MaHicheCTytoTb CaMe B POTOBIl MOPOXHWHI, BU3Ha-
YatoTb aKTyanbHICTb | CoLianbHy 3HadyLLICTb L€ naTonorii, amke nikapi-ctomaronoru 3aebinbLIoro nepLuMmm AiarHocTyoTb
po3naau ByrneBoaHOro 06MiHy 3a pesynsTataMmiu aHanisy cneumndivHuX ckapr i TMNOBOT KNIHIYHOT CUMMTOMATUKM YLLIKOMKEHHS!
C130B0i 06OMNOHKM Ta TKAHWH NapoAoHTa.

Meta po60TH — BU3HAYUTU NATOTEHETWNYHI XapPaKTEPUCTVKY PEMapaTMBHOTO KOMMOHEHTA NOCTEKCTPAKLiHOI anbBEOnsipHOI
TYHKW 3aneXHO Bif TEPMiHY Micnst ekcTpakuii 3y6a npu ekcnepumeHTansHomy L.

Marepianu i metopu. MNig vac gocnimxeHb Brkopuctanm 120 ctateBo3pinux (Bik — 8—10 micaui) Lwypis camuis ninii Wistar,
AKX NoAinunn Ha 8 rpyn no 15 TBapuH y KOXHIN. [ns aetanbHoOro aHanisy ocobnmeocTen nepebiry Ta MexaHiamiB po3BUTKY
yCKnagHeHb nicns ekcTpakuii 3yba Ha Tni LI BUkoHanu KoMniekcHi iMyHoricTonorivHi, pagiorpadiyHi Ta 6ioxiMiuHi JOCTiMKEHHS.
[nsi ouiHIOBaHHSA CTaHy BPOKEHOI NaHKM MICLLEBOTO iMyHITETY, 0cO0bnmBoCTen nepebiry npoLecis penapaii B piaHi TepMiHu
MOCTEKCTPAKLINHOrO nepiozy iMyHOrCTOXiMIYHO BU3HAYMNVW PiBHI KNITUHHOI Nponidhepaii (3a ekcnipecieto Ki-67), koHUeHTpauji
Ta BMicTy CD68-no3uTnBHMX Makpodaria y cnn3osiit 060mnoHL. [Ins BU3HAYEHHs CTaHy KICTKOBOI TKaHnHM 3ybollenenHoro
anaparty Ta piBHiB MiHepanisaLii TBepAWX TKaHWH MOSIPIB y TBAPUH EKCTIEPUMEHTANbHIX rpyn npoaHaniayBany pagiosisio-
rpacpiuHi 3HIMKM NpaBoi HaniBMaHAMOYNM 3 BU3HAYEHHSM PaZioNOriYHOI LLiNbHOCTI.

Pesyabtati. AHania nponichepatvBHO-penapaTnBHIX 38’S3KiB NOKa3aB, LLO B iIHTAKTHOMY NapOOHTi Maibke He Byno makpodaris,
a TaKkoX [yxe HU3bKy nponichepaTuBHy akTuBHICTb. Mpu LI BUsiBneHa BuxigHa ictotHa andyaHa iHginstpauis CD68-imyHo-
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NO3UTUBHWUMM KIITUHAMM 3 BUCOKUMM piBHAMM excripecii Ki-67. Y pesynbtaTi aHanisy peHTreHIiBCbKUX 3HiMKIB HaniBMaHauoyn
BUSIBNEHO, LU0 iHAykoBaHWiA LI y wypiB HaBiTb 6€3 nonepeaHLOro XipypriyHoro BTpyYaHHS Npu3BOAMB A0 iHTeHcudikauii
npouecis pe3opOuii B KICTKOBI TKaHWHi. Lie nigTBepmKeHO 3HMKEHHSIM pagionorivyHOT LiNbHOCTI B KOPEHEBIN AiNsHLi NepLuoro
morsipa N BHYTPILLHbOANbBEONSIPHUX KICTKOBUX MEMOPAH YCiX TPBOX HUXKHIX MOMSIPIB.

BucHoBku. B iHTakTHOMY napogoHTi Maibke He BusiBnsnum CDB8-iMyHONO3MTUBHI Makpodark, BU3HAYEHa AyxXe HU3bka
aKTUBHICTb NponidbepaLii y M'skvx TkaHnHax napogoHTa. MNpu ekcnepyMeHTansHoMy LiyKpoBOMY fiabeTi BUsSiBNeHa BuxiaHa
3HauvHa andy3Ha iHdinsTpauis CD68-iMyHONO3MTUBHUMM Makpodaramm 3 BUCOKO NporichepaTBHOK aKTUBHICTIO GinbLLOCTi
¢hibpobnacris. IHaykoBaHWiA LyKpOBUIA AiabeT Y LLypiB HaBiTb 6€3 NonepeaHBOro XipypriYyHOro BTPYYaHHS 3yMOBITHOE NOCUNEHHS!
npoLieciB pe3opbuii B KICTKOBIN TkaHUHI MaHAMBYNM Ta TpKBany NPOMOHraLlilo NPOLECy 3ananeHHs nicns ekcTpakuii yba.

Today diabetes mellitus (DM) is a problem that attracts
close attention not only of endocrinologists, but also
of other specialists, including dentists. The relevance
and social significance of this problem is due to the
fact that early pathological changes occur precisely in
the oral cavity, and dentists are the first to diagnose a
violation of carbohydrate metabolism based not only
on specific complaints, but also on a certain clinical
picture of the mucous membrane and periodontal
tissues damages [1].

In patients with diabetes mellitus, a decrease in
periodontal endurance with the development of diabetic
periodontopathy is noted, osteoporosis progresses, the
ability to regenerate bone tissue decreases, inflam-
matory changes in the mucous membrane are formed
[2]. A few months after the diagnosis of DM, almost all
patients have signs of periodontitis [3,4]. Exactly these
problems of patients with DM that become a difficult
obstacle when planning dental surgical manipulations.
In the works of many researchers and dentists, there is
enough evidence that the removal of a tooth in a patient
with diabetes mellitus can provoke an inflammatory
process in the oral cavity [5].

Moreover, the procedure itself often causes de-
compensation of the underlying disease. The clinical
aspects of this problem are caused by a significant
frequency of post-extraction complications and the
development of purulent-inflammatory processes
[6,7,8]. The pathogenetic mechanisms leading to
such a situation occur according to the type of mutual
aggravation syndrome. At the same time, some kind
of “vicious circle” is formed, in which metabolism and
microcirculation disorders slow down the course of re-
parative-regenerative processes in the alveolar socket,
and the developing inflammation has a negative effect
on metabolic processes, increasing insulin deficiency
and acidosis. Such a symbiosis of the two conditions
creates a risk of development of post-extraction com-
plications, infection of the maxillofacial area and neck
with the damage to adjacent tissues [9,10].

The identifying of the mechanisms of their formation
will provide an opportunity to reduce the risk of develop-
ment of complications and to develop pathogenetically
based methods of their treatment.

Aim

The purpose of the study was to determine the patho-
genetic features of the reparative component of the
post-extraction alveolar socket under conditions of ex-

perimental diabetes mellitus depending on the time after
tooth extraction.
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Materials and methods

Research was conducted on 120 sexually mature male
Wistar rats aged 8-10 months, which were divided into
eight groups of 15 animals each: Control-0 — intact
rats without tooth extraction; Control-1 — animals that
underwent extraction of the first lower molar under
thiopental anesthesia (dose 40 mg/kg) with additional
local infiltration anesthesia “Ubistesin” (3M Deutschland
GmbH, Germany). The animals were removed from the
experiment on the first day after tooth extraction under
thiopental anesthesia (40 mg/kg body weight, intraperito-
neally). In the Control-7 and Control-14 groups, a similar
tooth extraction was performed, animals were removed
from the experiment on the seventh and fourteenth
day, respectively. Diabetes-0 group — rats in which ex-
perimental diabetes mellitus (EDM) was modelled by a
single intraperitoneal injection of streptozotocin (SIGMA
Chemical, USA), dose of 50 mg/kg, dissolved in 0.5 ml
of 0.1 M citrate buffer (pH 4.5) ex tempore. The animals
were removed from the experiment after 21 days (glucose
concentration 22.65 + 0.88 mM/l), tooth extraction was
not performed. Diabetes-1, Diabetes-7 and Diabetes-14
groups are rats that, after the induction of EDM on the
21stday, the extraction of the first lower molar on the right
was carried out according to the previously described
method. The animals were removed from the experiment
on the first, seventh and fourteenth day, respectively, after
tooth extraction.

A complex of immunohistological, radiographic and
biochemical studies was carried out in order to study in
detail the features of the course and the mechanisms of
the formation of complications after tooth extraction amid
DM, which provided an opportunity to analyze in detail
the state of the innate local immunity link, the nature of
the course of reparative processes in the periodontal
tissues, to evaluate the state of the bone tissue of the
dental and jaw apparatus and mineralization of the hard
tissues of the molars.

To study the state of the innate local immunity link,
the peculiarities of the course of reparative processes
within different time periods of the post-extraction period,
immunohistochemical determination of the level of cell
proliferation (by Ki-67 expression) and the concentration
and content of CD68-positive macrophages in the mucous
membrane in the area of the first molar of the mandible in
rats (CD68 expression was studied by immunohistoche-
mical staining with primary rabbit IgG to CD68 (Santa Cruz
Biotechnology, USA), dilution 1:200 and secondary mouse
IgG to the complete molecule of rabbit IgG conjugated with
FITC (Santa Cruz Biotechnology, USA), dilution 1:64; the
evaluation of the proliferative activity of periodontal tissues

Pathologia. Volume 21. No. 2, May — August 2024
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Fig. 1. Radiographic photograph of the right half-mandible of rats before (1) and after tooth extraction (2). Designation of “zones of interest” for
digital analysis of the radiographic density of the studied parameters: crown of the tooth — a, root of the tooth — b, interalveolar and interradicular

spaces — ¢, zone of the alveolar socket — d.

was determined after incubation with specific primary
antibodies to Ki-67 (Santa Cruz Biotechnology, USA),
dilution 1:200 and subsequent exposure in a thermostat
with secondary antibodies conjugated with FITC (Santa
Cruz Biotechnology, USA), dilution of 1:64).

In order to evaluate the state of the bone tissue of
the dentoalveolar apparatus and the mineralization of the
hard tissues of the molars in the rats of the experimental
groups, radiovisiographic images of the right half-man-
dible were analyzed and the radiographic density of the
alveolar socket of the removed 1% molar, the crowns of the
molars and their roots, the interalveolar and interradicular
bone membranes of the alveolar part were determined
as per the 1%, 7" and 14" day after tooth extraction. The
radiographic images of the half-mandible of rats were
taken after the animals were removed from the experiment
in the corresponding periods by one-stage decapitation
under thiopental anesthesia (40 mg/kg body weight). The
jaw bones were immediately separated from the animal’s
head, the soft tissues were removed and placed in a cold
0.9 % NaCl solution.

Visiography of the half-mandible was performed not
later than 2-3 hours after the macropreparation was
released. Images of the half-mandibles were obtained
using a Panoura 18S Panoramic 3D (Japan) cone-beam
computed tomography scanner. For digital image analysis
and determination of radiographic density (RD) of the tis-
sues of the half-mandible and hard tissues of the molars
on the received images in interactive regime the “areas of
interest” were distinguished corresponding to the alveolar
socket of the removed 1%t molar, crowns of the 1%, 2" and
3molars, their roots and bone membranes of the alveolar
part (interalveolar and interradicular membranes, IRB).
The prepared images were calculated using the software
AxioVision 4.8.2 (Carl Zeiss, Germany) and Excel 7.0.
15 images of the right half-mandible from each experi-
mental group were studied (Fig. 1).

The statistical processing of the obtained results
was carried out on a personal computer using the
program Statistica for Windows 13 (StatSoft Inc.,
No. JPZ8041382130ARCN10-J). The hypothesis about
the normality of the distribution of the studied indicators
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was tested using the Shapiro-Wilk test. For all indicators,
the value of the arithmetic mean of the sample (M), its
mean-square deviation and the error of the mean (m)
were calculated. To identify the significance of differences
in research results in experimental and control groups of
rats, Student’s coefficient (t) was calculated, after that the
probability of sample difference (p) and the confidence
interval of the mean were determined according to Stu-
dent's distribution tables. Values for which p,, < 0.05 were
considered significant.

Results

The analysis of proliferative and reparative relations
showed that in the intact parodontium there are practically
no macrophages and proliferative activity is very low, in
case of diabetes mellitus, on the contrary, initial significant
diffuse infiltration by CD68-immunopositive cells and high
expression of Ki-67 were observed.

One day after tooth extraction in control rats and ani-
mals with DM, the content of CD68 did not change reliably,
while the expression of Ki-67 increased significantly. The
7" day showed an increase in expression parameters
to CD68 and Ki-67 in control by more than a third, but
insignificantly in case of diabetes. The 14" day in control
showed a decrease of CD68 and Ki-67, while in case of
DM the area of immunoreactive material to CD68 became
slightly larger, which can be considered as an important
indicator of the prolongation of the inflammatory process
with the spread of infiltration of parodontium tissues by
activated macrophages. In the same period, on the 14"
day, Ki-67 expression indicators in animals with DM did
not decrease, as in animals of the control group, but, on
the contrary, increased. Thus, when compared with the
corresponding control (14" day), the Ki-67 content was
2.26 times higher and the concentration was 2.4 times
higher. Comparing the indicators of Ki-67 expression
with the values of animals with EDM of the previous
term (7™ day), their predominance by almost a third was
established.

The result of the conducted study showed that in
diabetes mellitus after tooth extraction, the high initial
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Table 1. Mandible tissues radiographic density after tooth extraction in rats of experimental groups, M £+ m

Radiographic density, conventional unit

M Without extraction, n =15 1+t day after extraction, n =15 | 7*" day after extraction, n =15 | 14" day after extraction, n = 15

1t molar

2" molar

39 molar

tooth crown 0.518 £ 0.011 alveolar socket of the 1%t molar
0.509 + 0.008

tooth root 0.469 + 0.014 0.172 + 0.006"
0.425 + 0.009 0.187 + 0.005"
0.408 £ 0.012 0.247 +0.008"
0.320 + 0.006 0.391+0.016

tooth crown 0.527 +0.018 0.432 +0.011"
0.515 + 0.009 0.521 + 0.008

tooth root 0.481+0.017 0.450 + 0.012
0.476 + 0.015 0.485 + 0.013
0.392+0.016 0.315 + 0.007"
0.325 + 0.006 0.396 + 0.007"

tooth crown 0.511+0.016 0.484 £ 0.012
0.491 £ 0.009 0.472 £ 0.017

tooth root 0.474 £ 0.014 0.435+0.015
0.478 + 0.013 0.453 + 0.013
0.384 £ 0.014 0.341+0.012"
0.316 + 0.014 0.374 + 0.015"

0.182 £ 0.006" 0.280 £ 0.006"2
0.198 £ 0.007" 0.154 + 0.008'2
0.356 + 0.012'2 0.367 +0.015"
0.387 £ 0.009'2 0.291 £ 0.009'2
0.508 +0.0122 0.522 +0.011
0.496 £ 0.011'2 0.458 + 0.008?
0.463 + 0.009 0.471+0.013
0.427 +£0.012'2 0.356 + 0.009'2
0.368 + 0.009? 0.370 £ 0.012
0.318 £ 0.019 0.269 + 0.007'2
0.499 £ 0.014 0.492 +0.014
0.469 £ 0.013 0.481 £ 0.008
0.455+0.016 0.467 + 0.009
0.476 £ 0.011 0.411+£0.013"2
0.369 £ 0.014 0.397 £0.015
0.275+0.011"2 0.269 £ 0.011'

": significant differences in group indicators after tooth extraction (p,, < 0.05) relative to the corresponding Control-0 and Diabetes-0; 2 significant differences in indicators of
groups after tooth extraction (p,, < 0.05) relative to the corresponding group of the previous term.
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proliferative activity of parodontium cells is preserved
and even becomes greater for a long time. However,
the efficiency of such proliferation is low, the remodeling
of the alveolar socket doesn't finish due to the constant
maintenance of the inflammatory process, which was
evidenced by the high content of INOS and the increased
number of CD68-immunopositive cells.

The analysis of X-ray images of the half-mandibles
showed that diabetes mellitus formed in rats, even with-
out surgical interventions, leads to increased resorptive
processes in bone tissue, which was manifested by a
decrease in RD in the root area of the 1st molar and IRB
of all three lower molars (Table 1).

Discussion

The established fact of previously formed osteopenia in
case of DM is considered by many researchers as one of
the main unfavourable factors affecting the course of the
postoperative period in patients. Thus, according to the re-
sults of numerous clinical observations and experimental
studies, pathological changes in bone tissue, significant
microcirculatory disorders, and neurotrophic disorders
were revealed in patients with DM [11,12]. At the same
time, it is believed that osteopenia and osteoporosis, as
the most common pathological changes in bone tissue,
are of diffuse nature, since both cancellous and tubular
bones “suffer” [13,14,15].

Tooth extraction in control rats was accompanied
by dynamic changes in RD not only in the area of ex-
traction, but the inflammatory process also affected the
surrounding 2™ and 3™ molars, leading to a decrease in
radiographic density in the areas of IRB. In rats with DM,
on the contrary, there was an increase in RD in the IRB
zone of the 1%, 2", and 3 molars, which was probably
associated with severe edema. On the 7™ day, in control
rats, the early resorptive phase of the local inflammatory
reaction ended, while in animals with diabetes, it continued
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and was characterized by a decrease in radiographic
density in the area of the IRB of the 2™ and 3 molars
and in the root area of the 2" molar by 13.5 %. The 14"
day of observation showed the end in the control, and
in case of diabetes the prolongation of the inflammatory
process because there was a decrease in the RD index
in the area of the alveolar socket and IRB of the 15t molar,
the crown and root of the 2 molar and the root of the 3
molar (Table 1).

Based on the literature data and conducted re-
searches, it can be stated that in the pathogenesis of the
formation of complications in case of DM after surgical
interventions, a key role is played not only by established
by us earlier the violation of the state of the local nitric
oxide system of the mucous membrane with the excessive
formation of INOS, but also by the combination of these
changes with macrophage infiltration by CD68-immu-
nopositive cells. Complex changes prolong secondary
alteration, disrupt vascularization and innervation of
tissues. The result of it is chronic inflammatory process,
ineffective proliferation with violation of resorption and
reparative relations and bone mineralization [16].

Conclusions

1. There are practically no CD68-immunopositive
macrophages in the intact parodontium, the proliferative
activity in the soft parodontium tissues is very low, there
are no significant differences in the radiographic density
of the tissues of the interalveolar and interradicular bone
membranes, crowns and roots of the first, second and
third molars.

2. In case of experimental diabetes mellitus, on the
contrary, there is an initial significant diffuse infiltration by
CD68-immunopositive macrophages with high prolifera-
tive activity, mainly fibroblasts.

3. Induced diabetes mellitus in rats, even without
surgical interventions, leads to increased resorptive

Pathologia. Volume 21. No. 2, May — August 2024



processes in the bone tissue of the mandible and long-
term prolongation of the inflammatory process after tooth
extraction.

Prospects of further research. To confirm these con-
clusions, we plan to investigate the features of local and
systemic complications after tooth extraction, including
considering systemic diseases.
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Peri-implant bone tissue regeneration involves complex processes that are not yet fully understood at the cellular and molecular
levels, leaving significant gaps in our knowledge that require further investigation.

Aim. The study aimed to compare peri-implant osteogenesis on titanium femoral implants with alumina composite coatings
applied by different methods to conventional titanium implants in an animal model.

Materials and methods. Implants underwent sandblasting with silicon carbide, plasma torch treatment, and coating with titanium,
corundum, sprayed titanium wire, or hydroxyapatite, resulting in seven different surfaces. 105 female Wistar rats received
implants in their right femurs and were divided into 7 groups based on implant type and exposure duration (1, 2, or 4 weeks).
Implant fragments were analyzed using scanning electron microscopy and energy dispersive X-ray spectroscopy to quantify
chemical elements. Ratios of carbon to nitrogen and calcium to phosphorus were calculated. Data were analyzed using the
U-Mann-Whitney test, with p < 0.05 as a significant value.

Results. The energy dispersive X-spectrometry results confirmed morphological analysis findings by quantitatively and
qualitatively assessing implants surface chemical composition. The key elements were evaluated, relevant for identifying bone
tissue components like collagen (C and N) and hydroxyapatite (Ca and P), as well as implant coatings (Ti, Al, Ca, and P).
Carbon and phosphorus showed fluctuations over time, with notable differences among groups. Aluminum appeared stable
in some groups but varied in others. Calcium levels remained low initially and increased steadily in hydroxyapatite coated
implants. Titanium levels were high initially, decreasing slightly over time. Morphological analysis correlated with surface
roughness measurements. Notably, fibrin, collagen, and bone tissue presence varied among groups over time, with some
groups showing significant mineralized bone tissue accumulation. After four weeks, blood clots persisted in some groups, while
others exhibited bone tissue remodeling with the presence of osteoblasts and osteoclasts. Alumina-based coatings showed
signs of degradation, with alumina cement scales found among macrophages and fibers.

Conclusions. Our study found that stable bone implants outperform alumina-composite coatings in long-term osseointegration
due to mechanical stability. Although ceramic composites initially enhance osteoinductive properties, better attachment to
titanium substrates is needed.

NepiimnaaHTaTHUK OCTEOreHe3 Ha TATAHOBMX iMNAQHTaTaX i3 KOPYHAOBUM NOKPUTTAM
Yy CTErHOBIN KicTui Wwypa: MopdOAOriuHUI Ta eAeMEHTHUH aHaAi3 NOBEPXOHb iMNAAHTaTy

0. 0. boHaapeHko, A. T. Boxko, M. A. Ckopuk, H. C. BoHaapeHKo, I. C. LLinoHbKa, 0. €. AockyToB

PereHepalis nepiiMnnaHTaTHOT KICTKOBOI TKaHWHW BKNOYAE CKNaAHI MPOLECH, L0 JOCI OCTAaTO4HO He BUBYEHI HA KIITUHHOMY
Ta MonekynsipHoMy piBHsix. Lie pobuTb AouinbHUMM HACTYNHI AOCRIMKEHHS B Uil ranyai.

Meta po60oTH - NOPIBHATM NepiiMnnaHTaTHUI OCTEOrEHE3 Ha TUTAHOBWX CTEMHOBWX iMMMaHTaTax 3 antoMOOKCUAHUMI KOMMO-
3UTHUMM NOKPUTTAMM, LLIO HAHECEHI Pi3HUMW METOAAMM, 3i 3BUYAWHUMM TUTAHOBUMM IMMIAHTaTaMy Ha TBAPUHHIN Moaeni.

Marepianu i meToau. IMnnaHTaTi NickocTpyMUHHO 06po6KIN KapBigoM KPEMHIKO, NNasMOBUM NarbHUKOM i OKPUMW TUTAHOM,
KOPYHZOM, HAaMUINEHUM TUTAHOBUM IPOTOM abo rigpokcuanaTuToM. Y pesynbTarti OTpUMaru CiM piaHIX MOBEPXOHb. IMnnaHTaTy
BCTaHOBMNM B MpaBi CTErHoBi kicTkn 105 cammusam Wwypis ninii Bictap. TBapuH noginunu Ha 7 rpyn 3anexHo Big TUNy iMnnaHTaTy
Ta TpvBanocTi ekcnoauuii (1, 2 abo 4 TxHi). PparMeHTV iMNNaHTaTIB NpoaHani3yBanu 3a JOMOMOrOK CKaHyBanbHOI enex-
TPOHHOI MIKpPOCKOMii Ta eHEProAnCNEepPCIHOI PEHTTEHIBCHKOT CNEKTPOCKONi ANs KiNbKICHOMO BU3HAYEHHS XiMiYHUX €NEMEHTIB.
O6paxyBanu CniBBiAHOLIEHHS BYrMeL A0 a30Ty Ta Kanblito 4o docdopy. [ani npoaHanisysanu 3a ONOMOroK KpUTepito
U-MaHHa-BiTHi, piaHuuto npu p < 0,05 BU3HaUMnM sk CTaTUCTUYHO 3HAYYLLLY.

PesyabTatn. Pe3ynbrati eHeprogmcnepciiHoi PEHTreHIBCbKOT CNEKTPOMETPIT NATBEPAXKEHO AaHMMM MOPOMOriYHOTO aHanisy,
AKUN 3AIACHWMN LNSXOM KiNlbKICHOMO Ta SIKICHOTO OLiHKOBaHHSA XiMIYHOTO CKnaZdy NOBEpXHi iMnnaHTaTtiB. BuaHaumnm knoyoBi
eneMeHTu, BaXIMBi ANs ineHTUdIKaLii KOMNOHEHTIB KICTKOBOI TkaHUHW, sk-0T konareH (C i N) i rigpokcuanatut (Ca i P), a
Takox nokpuTTs imnnanTatis (Ti, Al, Ca i P). BmicT Byrneuto Ta hocdopy 3amiHi0BaBCS 3 4acoM, 3 iCTOTHAMM BiAMIHHOCTAMY 3a
rpynamu. AmtomiHii BUSIBUBCS CTabinbHAM B OOHUX rpynax, ane 3MiHBaBCA B iHLLMX. PiBeHb karnbLito cnoyatky 3anuwascs
HU3bKWM, @ B iIMNNaHTaTax 3 rigpoKc1anaTUToBUM NOKPUTTSM HEYXUMbHO 3pocTaB. YacTka TUTaHy criovatky byna BUCOKOH,
ane 3 Yacom [JeLo 3Hwxyeanacs. [laHi MopdonoriyHoro aHanisy kopentoanu 3 pesynbrataMmii BUMIPOBaHHS LOPCTKOCTi
noBepxHi. Tak, BMICT hibpuHy, konareHy Ta KiCTKOBOI TKaHMHM B Pi3HMX rpynax 3 4acoM 3MIHIOBaBCS, i B OKpEMUX rpynax
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BU3HAYMNMN iICTOTHE HAKOMMYEHHS MiHEpani3oBaHOi KICTKOBOT TKaHUHU. Yepes YoTMpK TUXHI B OKPEMMX rpynax 36epiranmcst
3ryCTKM KPOBI, @ B iHLUMX BUSIBAMM PEMOENIOBAHHS KICTKOBOT TKAHUHW 3 HAsBHICTIO ocTeobnacTis i octeoknacTis. MokpuTTs
Ha OCHOBI IMIMHO3eMY Manu 03Haku Aerpagallii — cepen Makpodaria i BOMOKOH BUSIBIIEHO NYCOYKM LIbOTO MOKPUTTS.

BucHoBku. Pesynbratv gocnimxeHHs fanv ninctasy 3pobuTi BUCHOBOK, LLO CTabiNbHi KICTKOBI iMNiaHTaTy nepeBepLUyoTh
antoMOKOMMO3WTHI MOKPUTTS B LOBIOCTPOKOBI OCTeOoIHTerpaLlii 3aBasKM MeXaHiyHil cTabinbHOCTI. Xova kepamiyHi KomnosnTu
CroyaTky NoKpaLLykTb OCTEOIHAYKTUBHI BNACTMBOCTI, HEOOXiaHe Kpalle NPUKPINMeHHst 40 TUTAHOBOI OCHOBW.

The success of surgical procedures for bone defect
replacement or joint function restoration hinges on the
proper selection of implant material. This material must
possess mechanical properties that allow the joint and
bone to perform their locomotory functions — specifically,
adequate strength and elasticity [1]. Additionally, it must
exhibit biocompatibility, characterized by low toxicity and
high osseointegrative properties; corrosion resistance is
also essential for implant materials [1,2]. Titanium (Ti) is
awidely used material in modern implantology that meets
all these criteria [3]. It is biomechanically strong, has a
high strength-to-weight ratio, and is resistant to corro-
sion. However, titanium requires enhanced mechanical
properties for use in highly loaded applications [1,3,4]. To
address this issue, various ceramic composites have been
utilized as the coatings for Ti implants: hydroxyapatite
(HAp), fluorapatite, aluminum oxide (alumina, corundum),
bioglass, and calcium phosphates [1]. Within others,
alumina ceramics demonstrated reliable osteoinductive
properties apart from their low cost, availability and
simplicity in manufacturing [5]. Ultimately, successful
implantation is measured by the period of the normal
functioning of the implant, therefore the longest duration of
normal functioning is highly desirable [1]. Obviously, such
along duration of normal functioning of the implant directly
depends on whether the implant has formed a full contact
with mature bone tissue, i. e. whether osseointegration
has occurred [1,2,3].

In general, osseointegrative properties are the prop-
erties of the implant that ensure the formation of a dense
and stable contact (interface) between its surface and the
newly formed peri-implant bone tissue, in other words,
that ensure osseointegration [6]. In fact, the process
of osseointegration is preceded by osteoinduction and
osteoconduction — processes, respectively, of migration
and proliferation of osteogenic cells in response to the
introduction of implant material into a bone defect, which,
depending on the properties of the implant, may not
necessarily end in osseointegration, but to a large extent
determine it course [6]. With that in mind, a successful
bone implant must have a combination of physicochemi-
cal properties that would stimulate the above processes,
ultimately culminating in maximally complete osseoin-
tegration [7]. This issue prompts the search for the best
options for modifications of bone implants for arthroplasty
and bone plastic.

Extraction of implants with consequent morphological
and elemental assessment of changes on its surface using
the scanning electron microscopy and energy dispersed
X-ray spectroscopy appeared as a reliable study design
for the evaluation of peri-implant biological performance,
which allows examining the relationship between inorga-
nic components of the implant surface and the attached
biological objects [8,9,10,11].
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Aim

The aim of our study was to investigate the occurrence
and extent of peri-implant osteogenesis on the surfaces
of extracted titanium femoral implants with alumina com-
posite functional protective coatings applied by different
methods comparing with the same properties of con-
ventional coatings of titanium implants in animal model.

Material and methods

The procedure for implant manufacturing and their phy-
sical and chemical characteristics are described in our
previous work [12]. After the sandblasting with silicon
carbide, the surface of each implant was treated with
a plasma torch and simultaneous coating with different
substances: A—titanium powder; B — corundum, type A25
(alumina content, Al,O, ~99 %), grain size 5; C — sprayed
titanium wire; D — HAp, grain size 5. All these treatment
methods were consequently combined with each other,
in such a way that 7 different types of implant surfaces
were modified for the experiment (Table 1).

After the corresponding treatment of the titanium
surface, the coated wire was cut into 15 mm cylindrical
pins and sterilized at 135 °C for 20 min immediately prior
to experiment.

The cylindrical pins were implanted intramedullary into
the right femurs of 105 female Wistar rats with average
age 17 weeks and weight 250 g. Animals were divided into
7 groups according to implant type (Ti, TS, TSP, TSPC,
TSPT, TSPTC and TSPH) and duration of implant expo-
sure (1, 2 and 4 weeks). 15 animals with untreated and
uncoated Ti implants served as a control group, another
15 rats from group TSPH served as a comparison group
with the conventional HAp-coated implants. All surgical
and pharmacological interventions, including anesthesia
and euthanasia, were described in our previous paper
[12]. Rats were maintained on a 12 h light and dark
cycle with ad libitum access to water and normal chow
diet composed of 10% fat. All animal experiments and
procedures mentioned above were performed in compli-
ance with ethical regulations (Law of Ukraine N 3447-IV
and European Directive 2010/63/EU) and the approval
of Biomedical Ethics Committee of Dnipro State Medical
University (meeting minutes No. 2 dated 26.10.2019).

After euthanasia, 1.5 cm fragments of the distal
femurs with implants were collected and cut into three
fragments of equal length of 0.5 cm: proximal (diaphy-
sis), distal (epiphysis), and intermediate. An electric saw
(Dremel-2050, Germany) was used for this purpose, using
a diamond-coated disk. Proximal 0.5 cm fragments were
used for the current study where bone tissue was carefully
separated from the implant according to R. Depprich et
al. [11]. Then detached bone samples were used for
histological analysis reported in our previous report [12].
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Table 1. Implant material characteristics, and their abbreviations

Implant material, coating Abbreviation Roughness (R, um)

Untreated titanium wire
Ti + sandblasting

TS + plasma with “A”
TS + plasma with “B”
TS + plasma with “C”

TS + plasma with “C” and “B”

TS + plasma with “D”

Ti

TS
TSP
TSPC
TSPT
TSPTC
TSPH

1.89
4.87
1.91
11.8
23.7
1.5
9.4

“A”: titanium powder; “B”: corundum, type A25 (alumina content, Al,O, ~99 %), grain size 5; “C”: sprayed titanium wire; “D”: hydroxyapatite (HAp), grain size 5.

Table 2. Peri-implant C/N and Ca/P weight% ratios

Ti

TS
TSP
TSPT
TSPC
TSPTC
TSPH

6.59 3.88 297
7.85 4.07 4.33
9.44 2.83 5.73
3.39 3 3.63
2.21 3.61 4.44
4.02 2.86 2.92
4.86 2.78 3.23

1.07

CaP ratio

17 0.66
212 1.67
- 1.72
2.23 0.88
1.8 1.05
2.16 1.07
1.12 12

Empty cells appeared due to missing values of one or two ratio indicators (numerator and/or denominator).
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The 0.5 cm long implant fragments separated from
the bone were immediately placed in a 5 % glutaralde-
hyde solution at +4 °C. After fixation for at least 12 hours,
the samples were dried in a series of ethanol changes
followed by critical point CO, drying (Samdri-780A,
Tousimis, USA). The samples were fixed on a research
table with SPI 05081-AB carbon tape and covered with a
thin (20 nm) layer of conductive material (Au/Pd mixture)
using a PECS Gatan 682 (Gatan, USA) device. To study
the morphology, scanning electron microscope (SEM)
images were captured using a MIRA3 (TESCAN, Czech
Republic) microscope equipped with a field emission
cathode (high-brightness Schottky cathode) and an en-
ergy dispersive X-ray spectrometer (EDS) with an X-max
80 mm? detector (Oxford Instruments, UK), operating at
an accelerating voltage of 10 kV. SEM and EDS methods
were carried out in Electron Microscopy Laboratory of
G. V. Kurdyumov Institute for Metal Physics of the National
Academy of Sciences of Ukraine (Kyiv).

The harvested implants and attached tissues were
examined thoroughly at the magnification x500. On each
implant 5 representative areas of interest (AOIl) were
chosen for further EDS analysis under a magnification of
x500. From the perspective of relevance for the evaluation
of living tissue formation, native implant surface coverage,
and mineralized bone matrix formation, 6 chemical ele-
ments were quantified in mass percentages (weight%) for
each AOI: titanium (Ti), nitrogen (N), carbon (C), calcium
(Ca), aluminum (Al), and phosphorus (P) according to
I.A. lancu et al. [8]. Oxygen (O) was evaluated on native
implants only. To determine the content of proteins (e. g.,
collagen), the C/N ratio was calculated [13]. Similarly for
the mineral bone matrix (HAp) identifying, Ca/P ratio was
computed [14].

EDS measurements data of element weight% were
expressed as a median, first (25" percentile) and third
(75" percentile) quartile (Q,, Me, Q,). Statistical analysis
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was performed using the U-Mann-Whitney test. P-values
of <0.05 indicated an evidence, <0.01 — strong evidence,
<0.001 — very strong evidence against the null hypoth-
esis. All data analyses and drawings were performed
in GraphPad Prism version 8.0.2 (263) for Windows
(GraphPad Software, San Diego, California, USA,
www.graphpad.com).

Results

EDS analysis of extracted implants. The results of
energy dispersive X-spectrometry, which allowed ana-
lyzing the chemical composition of the implant surface,
served as quantitative and qualitative confirmation of the
data obtained as a result of the morphological analysis.
After scanning at least five selected areas of each im-
plant surface, seven chemical elements were evaluated,
which were:

1) most relevant for identification of such components
of the bone tissue as collagen (C and N) and HAp (Ca
and P);

2) components of implant coatings (Ti, Al, O, Ca
and P).

Besides the elemental signatures of organic and
mineral bone compounds in weight percentages, the C/N
and Cal/P ratios were calculated (Table 2).

Quantitative elemental analysis demonstrated dyna-
mics of changes of the weight and atomic percentages of
the selected elements on implant surfaces over time and
revealed several trends across the investigated groups. It
is important to note that the weight% of N on the surfaces
of all experimental groups and controls (Ti and TSPH)
tended to increase from the first to the fourth week of
implantation. However, nitrogen was absent in native
implants, and did not show any statistically significant
difference between the samples both within groups and
in the intergroup comparison.
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Carbon levels were initially present in all groups with
high variability. In general, the general trend across all
investigated groups was the continuous rise of C level
from 1 to 4 weeks of implantation period. Although in TS
group C levels occurred high at 1 week, they surprisingly
decreased at week 2, then, again, increased by week 4.
Nonetheless, only TSPC group demonstrated significant
growth of carbon mass on the implant surfaces after
4 weeks in comparison with 1 week after implantation
(p =0.0002, Fig. 1). Additionally, comparison of C levels
across the groups of the same implantation periods re-
vealed significant difference between TSPC and all other
groups without alumina-contained coatings (Ti, TS, TSP
and TSPH) at 1 week of implant exposure with 0.048,
0.005, 0.01 and 0.0006 p-values respectively.

Aluminum appeared initially and remained stable over
time in TSPT group. On the surface of TSPC samples Al
showed up at week 1 and remains variable but present
through the weeks. In the cases of TSPTC group it was
surprisingly emerged at week 4, despite its absence
through the previous extracting points. However, signifi-
cant difference was detected neither between the samples
of different implantation periods within the same group
(except native implants) nor between different groups’
samples of the same implantation periods.

Generally in all investigated groups phosphorus
showed minimal presence or absence initially but slightly
increased over time with peaks at week 2 in control, TS,
TSPT, and TSPTC samples. TSPC and TSPH demon-
strated continuous growth of P concentration on the im-
plant surface. Indeed, a statistically significant difference
was indicated between 1 and 4 weeks of implantation for
the TSPC group (p = 0.218). Notably, initially present in
HAp coating of TSPH samples phosphorus significantly
increased its concentration at 1, 2 and 4 weeks of implan-
tation compared with P weight% on the native samples
(p=0.002, p=0.006 and p = 0.005 respectively). In case
of TSP, P appeared only at week 4: 1 and 2 weeks of
implantation revealed absence of this element on the TSP
implants (Fig. 1). Nevertheless, in case of intergroup com-
parison, all the studied samples demonstrated significantly
lower indicators of the weight percentage of phosphorus
on the implant surface compared to HAp-group at almost
all implantation periods: TSPH vs. all others, 1 week,
p =0.002; TSPH vs. TSP at 2 and 4 weeks — p = 0.006
and p = 0.048 respectively.

Calcium showed minimal presence and remained
low over time in the control group samples. In case of
HAp-coated implants it demonstrated steady growth of
Ca from week 1 to week 4, though weight percentages
were less than in native implants and did not demonstrate
significant difference between each other. In all studied
groups only TSP samples revealed the peaking of Ca at
week 4 (p = 0.018), the rest demonstrated drop of Ca
concentrations at week 4, though without significance
(Fig. 1). Intergroup comparison revealed significantly
lower Ca weight percentages on the implant surfaces in
all the studied samples compared to HAp-group at 1 week
of implantation periods (p < 0.05).

In all studied groups detected titanium levels were
high initially and remain significant over time, with a slight
decrease by week 4. Noteworthy, significant increase of
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titanium concentration was observed on the surface of the
implants with corundum ceramics (TSPC and TSPTC) of
one-week implantation period in comparison with native
surfaces (p = 0.003 and 0.004 respectively). At the same
time, a decrease in the level of aluminum in the elemental
composition of the TSPC and TSPTC surfaces was also
noted (p < 0.05). Subsequently, in these groups, as well
as in the others, the proportion of titanium on the surface
gradually decreased from 1 to 4 weeks of implantation
(Fig. 1). Intergroup evaluation demonstrated significant
decrease in titanium leaching on the implant surface com-
pared to the control group after 4 weeks of implantation
(p=0.014). On the other hand, in TSPTC group the levels
of titanium on the surface after 1 week were significantly
higher than in TSPH (p = 0.006).

SEM analysis. The morphological analysis of the
surfaces of the native implants completely corresponded
to the data of roughness measurements (Table 1): the
smoothest surface was demonstrated by implants from the
Ti and TSP groups, the roughest were the implants with
TSPT, TSPC and TSPTC coating, respectively. However,
it should be noted that on the surface of TSPTC coated
implants we observed the presence of cracks up to 1 ym
width. Normally, we identified individual biological objects
with the assistance of the EDS, since the elemental
content and ratios allowed us to identify collagen fibers,
fibrin, mineralised bone, etc.

Control group (Ti) and TISH demonstrated after 1
week of implantation was characterized by such general
changes as the presence of fibrin fibers, erythrocytes,
and adhesion of leukocytes. Besides that, TISH group
revealed an early appearance of collagen fibers and fibro-
blasts adhesion, which were sparsely distributed over the
implant surface. Two-week implantation period revealed
gradual decrease of the blood clotting together with the
much wider distribution of the collagen fibers on the sur-
face. Moreover, TISH implants accumulated a significant
amount of mineralized woven osseous tissue on about a
half of the entire implant surfaces. In contrast, miniscule
quantity of immature bone tissue was attached to the
surface of the implants of the control group. Later, after 4
weeks of implant exposure to intramedullary tissues, the
woven bone became more widespread on the surface of
the control group implants, although we still found only
diffusely scattered islands of immature mineralized bone,
the vast majority of the surface area being covered with
fibrous tissue and fibrin. In sharp contrast, the comparison
group (TSPH) demonstrated a significantly higher amount
of mineralized bone tissue attached almost along the
entire implant surface (Fig. 2).

The surface of the implants after 1 week of implanta-
tion was characterized by the same events as in the con-
trol group. Nevertheless, the extent of those events varied
between different groups. For example, the largest area
of the implant surface covered by fibrin clots was demon-
strated in the TS group (more than two-third), while the
groups with complex surface modification (TSPC, TSPT
and TSPTC) showed a smaller surface area covered by
fibrin: approximately one-third of the implant surface,
mainly on raised areas. However, the appearance of
collagen fibers and fibroblasts was observed mainly in re-
cessed areas of the surface relief (Fig. 3, TSPC, 1 week).
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Fig. 1. The dynamics of the weight percentage (weight%) of the most relevant chemical elements that made up the surfaces of the studied implants.
*1p<0.05; **: p<0.01; ***:p <0.001.
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2 weeks

Fig. 2. Morphological characteristics of implant surfaces in control (untreated Ti) group and group of comparison with conventional hydroxyapatite coating (TSPH). *: asterisk indicates

areas with adhered fibrin mesh; red arrowheads point on fibroblast clusters with collagen aggregates; black arrows — mineralized bone adjacent to implant surface.

Two-week changes on the modified surfaces were
characterized by a decrease in the amount of fibrin, con-
tinuous accumulation of collagen, and the appearance of
woven osseous tissue with the presence of osteoblasts.
Inflammatory cells were preserved: macrophages and
lymphocytes, but without a significant difference between
the groups. The most formed woven bone tissue was
observed around the implants with the TSPTC surface,
not much less of it was found in the TSPC and TSPT
groups. Almost similar amount of bone tissue on the
surface was demonstrated by implants with sandblasting
(TS). In general, these findings were similar to the events
described on the surface of TSPH implants. However, a
very small amount of provisional bone tissue was found
on the surface of TSP implants, even less than in the
control group (Fig. 3).

Ahighly variable pattern of findings was demonstrated
after 4 weeks of implant exposure. For example, blood
clots continued to be observed in the control group, TS
and TSPT groups, while fibrin was absent in the rest of
the groups. The bone tissue was remodeled: the appea-
rance of lamellar and trabecular bone with the presence
of osteoblasts (lining cells, Fig. 3, TSPC, 4 weeks) and
single osteoclasts was observed, although the general
trend indicated a decrease in the thickness of the bone
tissue around the implant. The exception included some
zones on TS implants where the accumulation and ad-
hesion of macrophages to surfaces without bone tissue
was observed. Interestingly, the TSP group revealed no
difference in formation of adherent bone tissue compared
with other investigated groups despite it being hindered
at 2 weeks of observation. Notably, TSPC and TSPTC
demonstrated the presence of destruction of the coating
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with the finding of scales of alumina cement among
macrophages and fibers (Fig. 3).

Discussion

The reported results of the element composition on im-
plant surfaces over time, assessed using energy-disper-
sive X-ray spectroscopy (EDS), provide comprehensive
insights into the bioactivity and surface modification effi-
cacy of different implant groups with functional protective
coatings including alumina-based ceramics. It indicates
how different surface coatings influence the bioactivity
and osseointegration potential.

Carbon levels were high initially in most groups, with
variations over time. High initial levels of carbon indicate
the presence of residues from the manufacturing process:
calcium carbide particles remained after sandblasting.
Fluctuations over time suggest ongoing changes on the
implant surface, possibly due to interactions with the
surrounding biological environment. Carbon presence
could also be influenced by the adsorption of organic
molecules from the biological fluids [15]. For example,
carbon decrease in TS group at week 2 followed by a
significant increase at week 4, which might suggest initial
biofilm formation followed by organic material accumula-
tion. In contrast TSPC group revealed significant increase
at week 2, continuing to rise by week 4, and indicating
continuous organic deposition. Aluminum was eventually
observed in composite-coated groups. Stable presence in
TSPTC and TSPC groups indicates successful incorpo-
ration and retention of aluminum-based materials on the
implant surfaces. Presence at week 4 in TSPTC suggests
some degree of coating destabilization or/and surface
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Native 1 week 2 weeks 4 weeks

Fig. 3. Morphological characteristics of implant surfaces in studied groups. *: areas with fibrin adhesion; red arrowheads: collagen fibers; black arrows: mineralized bone. TSPC,
4 weeks: osteoblasts (lining cells) arranged above the bone tissue (arrow); TSPTC, 4 weeks: white crystalline scale (alumina coating debris) in the right lower corner.
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modification that exposes areas without bone but coated
with aluminum oxide. This might enhance the surface
properties, potentially improving the overall bioactivity and
biocompatibility of the implants. Phosphorus presence
indicates bioactivity and potential bone integration [8,16].

Appearance of P over time in most groups highlights
the bioactive nature of the surfaces, promoting bone cell
attachment and growth [16]. Peaks in groups like TS and
TSPT at week 2 followed by a reduction could suggest
initial rapid bioactivity and subsequent stabilization as
the bone integration process progresses. Calcium levels
were consistently present across all groups. Forinstance,
presence from week 1 in several groups (like TS and TSP)
suggests early-stage mineralization, crucial for bone inte-
gration. Increased Ca-levels over time indicate ongoing
bone formation and mineralization on the implant surfac-
es, reflecting successful osseointegration [17]. Titanium
levels remained significant across all groups, confirming
it as the base material. Consistent presence across all
groups validates the durability and stability of titanium as
a core implant material. Minor fluctuations in percentages
could reflect surface modifications or the integration of
other materials, such as aluminum or phosphorus, which
may alter the exposed surface composition [4].

The dynamics of these elements suggest that the
different implant groups exhibit varying degrees of bioac-
tivity and surface modification efficacy. All in all, the pres-
ence and variations of phosphorus and calcium across
different groups highlight the bioactivity and potential for
osseointegration of the implants [8,9,10,11]. Groups with
consistent phosphorus and calcium levels, like TSPT and
TSPH, suggest good bone formation and integration. The
detection of aluminum in specific groups confirms the
successful incorporation of composite materials designed
to enhance the mechanical properties of the implants.
Carbon dynamics indicate significant interactions with
organic tissues, which can be both beneficial (e. g., pro-
moting bone growth) and challenging (e. g., potential for
biofilm formation).

It is well known that carbon/nitrogen ratio (C/N ratio)
has specific value in each protein. For instance, in colla-
gen it comprises 3.243 [13]. Ratios significantly higher or
lower than this may indicate changes in the organic matrix
composition near the implant. In the control group, TS,
TSPC, and TSPTC C/N ratio fluctuates over time at 1 and
2 weeks of implantation with subsequent stabilization of
the matrix close to the collagen standard. TSPT shows
the most stable and close-to-normal C/N ratios over time,
indicating a stable organic matrix composition. However,
TSP shows significant variability, indicating inconsistent
organic matrix composition.

Similarly bone mineral matrix density was evaluated
with Ca/P ratio, normally it varies in female Wistar rats
between 1.42-1.63 [14]. According to obtained results,
the TS group was characterized by normalization of Ca/P
ratios over time, indicating balanced mineralization. In
contrast, surprisingly, TSPH showed consistently low
ratios, indicating persistent poor bone quality.

Implants showing consistent or increasing levels of
elements such as phosphorus and calcium over time sug-
gest enhanced bioactivity and potential for bone integra-
tion. Among the groups studied, TSPT, TSPC, and TSPTC
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exhibit sustained or increasing levels of phosphorus and
calcium at 2 weeks, indicating promising osteoinductive
properties which is consistent with our previous findings
[2,15]. However, at 4 week all these groups revealed
loss of peri-implant mineralized bone, coinciding with
the appearance of a large number of macrophages, as
a reaction to the detachment of the functional protective
coating (the appearance of aluminum oxide scales among
biological tissues, Fig. 3, TSPTC, 4 weeks) under the
influence of mechanical stress. Indeed, for a period of 4
weeks after adequate wound healing, antibiotic therapy,
anti-inflammatory therapy and pain relief, rats began
active locomotion, which could cause such changes.
Therefore, while surface modifications are important, the
stability of the base material, typically titanium, is crucial
for long-term implant success [1,2,3,6,15,16,17]. Groups
with stable titanium levels, such as Ti, TS, and TSP, sug-
gest minimal degradation or leaching of the base material,
which is favorable for implant longevity. Implants showing
dynamic changes in elemental composition may indicate
ongoing surface interactions, which could be either ben-
eficial (e. g., enhanced bioactivity) or detrimental (e. g.,
corrosion) [18,19]. Careful analysis of these dynamics is
required to assess their impact on implant performance.
Considering these factors, the TSPT and TSPTC groups
appear promising in terms of bioactivity and potential
for bone integration though required more stable base
material characteristics. However, additional studies
incorporating biological assays, mechanical testing, and
long-term in vivo evaluations are necessary to compre-
hensively evaluate implant effectiveness.

Conclusions

1. Obtained results provide comprehensive insights
into the performance of various implant materials and their
interactions with biological tissues.

2. Bone implants with a mechanically stable surface,
appropriate roughness and porosity (TS, TSP) have an
advantage in the long-term development of osseointe-
gration over investigated alumina-composite coatings
(TSPT, TSPC and TSPTC) despite their pronounced
osteoinductive and osteoconductive properties, due to
mechanical instability.

3. Although the presence of aluminum oxide in
ceramic composites confirms improved osteoinductive
properties at 2 week of experimental implantation in rat
femur (TSPT, TSPC and TSPTC, p < 0.05), the models
of corundum coatings tested in our study should be im-
proved, primarily through more reliable attachment to the
titanium substrate.

4. Carbon fluctuations indicate dynamic organic
interactions, crucial for understanding long-term biocom-
patibility and functionality of the implants. The dynamic
behavior of C/N ratio revealed that TSPT coating is the
most appropriate for close-to-normal matrix protein for-
mation.

5. The observed bioactivity and mineralization
processes are promising for improving osseointegration
and the overall success of implants via development of
more effective and biocompatible materials for orthopedic
applications.
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Perspectives of subsequent scientific research. In
the next publication we are going to report the findings
obtained after 8 weeks. It will include evaluation of
bone-implant interface using grinding techniques on res-
in-embedded non-demineralized bone samples. Future
studies should focus on optimizing these surface mo-
difications to enhance long-term stability and bioactivity.
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The aim of the research is to determine the clinical-pathogenetic and prognostic value of nitrotyrosine levels in the blood
serum of patients with COVID-19 with pneumonia in the development of oxygen dependence and the risk of fatal outcome.

Materials and methods. 123 patients with COVID-19 with pneumonia were examined, who were examined and treated ac-
cording to the Order of the Ministry of Health of Ukraine dated March 28, 2020 No. 722. Patients were divided into groups: |
group — 32 patients with a moderate course without oxygen dependence; Il group — 91 patients with a severe course with the
presence of oxygen dependence. Patients in the Il group were additionally divided into subgroups: II-A subgroup — 45 patients
who recovered; II-B subgroup — 46 patients who died. The content of nitrotyrosine (Hycult Biotech, the Netherlands) was
determined in the blood serum by the immunoenzymatic method. Statistical data processing was carried out in the program
Statistica for Windows 13 (StatSoft Inc., No. JPZ8041382130ARCN10-J).

Results. The content of nitrotyrosine in the blood serum of patients with COVID-19 with pneumonia in a severe course with
the development of oxygen dependence is higher (p < 0.001) than in patients with a moderate course of the disease without
signs of oxygen dependence. The level of its increase has an inverse correlation with the oxygen saturation index (r = -0.53,
p <0.05). When hospitalized for 9.0 [7.0; 12.0] day of the disease, under the condition of nitrotyrosine level >481.97 nmol/ml
(AUC = 0.909, p < 0.001), the probability of developing oxygen dependence is significant. And under the conditions of nitro-
tyrosine level >521.96 nmol/ml during this observation period, the probability of a fatal outcome of the disease is significant
(AUC = 0.842, p < 0.001).

The established correlations confirm the clinical-pathogenetic role of nitrotyrosative stress in the development of the “cytokine
storm” and multiorgan failure. The content of nitrotyrosine correlates with the level of C-reactive protein (r = +0.25, p < 0.05),
the ratio of absolute neutrophil count to absolute lymphocyte count (r = +0.26, p < 0.05), alanine aminotransferase activity
(r=+0.26, p < 0.05) and glomerular filtration rate (r = -0.27, p < 0.05).

The diagnostic value of determining the level of nitrotyrosine in predicting the course of COVID-19 with pneumonia against
the background of treatment after 7 days lies in the possibility of predicting the probability of a fatal outcome of the disease.
Namely, the preservation of the level of nitrotyrosine >507.98 nmol/ml (AUC = 0.681, p < 0.001) during the specified period
of observation indicates a high probability of a fatal outcome of the disease.

Conclusions. In patients with COVID-19 with pneumonia, the level of nitrotyrosine elevation in the blood serum depends on
the appearance of oxygen dependence and the outcome of the disease. The highest level of nitrotyrosine is in patients with
COVID-19 with pneumonia with a severe course, and the degree of increase of this indicator has diagnostic value in predicting
the probability of an unfavorable disease course.

KAiHiko-naToreHeTHYHe Ta NPOrHOCTUYHE 3HAUYEHHA PiBHA HITPOTUPO3UHY
B CUpOBaTLi KpoBi XBOPUX Ha KOpoHaBipycHy xBopoby COVID-19 i3 nHeBMOHi€l0

0. B. Pa60okKoHb, I. 0. Kyaeww, . ®. BeneHiues, H0. H0. PA60KOHb

MeTa poboTi — BCTAHOBUTW KITiHIKO-NATOreHETUYHE Ta MPOrHOCTUYHE 3HAYEHHS! PIBHS HITPOTUPO3UHY B CUPOBATL KPOBI Y
xBopux Ha COVID-19 i3 NHeBMOHi€t0 B PO3BUTKY KUCHEBOI 3aNEXKHOCTI Ta PU3KKy JNIeTanbHOro HacsliakKy.

Marepianu i meToau. [lo gocnimkeHHs 3anyyuunu 123 xsopux Ha COVID-19 i3 nHeBMOHi€to, siki obcTexeHi Ta NikoBaHi 3rigHo
3 Haka3oM MiHictepcTBa 0xopoHM 300poB’s Ykpaitu Big 28.03.2020 p. Ne 722. XBopwx noginunu Ha rpynu: | — 32 naujieHTu 3
cepenHLOTsHKKM nepebirom 6e3 kucHeBoi 3anexHocTi; Il — 91 ocoba 3 TskkUM Nepedirom i KUCHEBO 3anexHicTto. MavieHTis
Il rpynn fopatkoBo noginunu Ha nigrpynu: |1-A — 45 xBopux, siki ogyxxanu; |1-B — 46 oci6, siki nomepnu. Y cupoBaTLi KpoBi navi-
€HTIB BU3HauMNM BMICT HITpoTUpo3unHy (Hycult Biotech, Hinepnanau) imyHocbepmeHTHUM MeTogom. CTaTUCTUYHO pesynbTaTu
onpautoBanu B nporpami Statistica for Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).

Pesyasrati. BMiCT HITPOTMPO3WHY B cMpoBaTLi KpoBi xBopux Ha COVID-19 i3 nHEBMOHIE Npy TshkkoMy nepebiry 3 po3BUTKOM
KUCHEBOI 3anexHoCTi BULLwiA (p < 0,001), Hix y nauieHTiB i3 cepeaHbOTsKKMM nepebirom xBopoby 6e3 03Hak KMCHEBOI 3anex-
HocTi. PiBeHb M0ro NiaBULLEHHS MaB 3BOPOTHY KOPENSLLitO 3 NOKa3HMKOM caTypaLlii kucHto (r=-0,53, p < 0,05). Mig vac rocnita-
nisauii Ha 9,0 [7,0; 12,0] AeHb XxBOpo6Y, AKLLO PiBEHb HITPOTUPO3WHY CTaHOBMB >481,97 Hmons/mn (AUC = 0,909, p < 0,001),
BCTAHOBJIEHA 3HAYyLLA iIMOBIPHICTb BUHUKHEHHSI KMCHEBOI 3aM€XHOCTI. SKLIO piBeHb HITPOTMPO3UHY CTaHoBMB >521,96
HMOMbL/MN Y Liel Nepiof CNOCTEPEXEHHS, TO IMOBIPHICTb NETanbHOro Hacniaky xsopobu 3Havywia (AUC = 0,842, p < 0,001).
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BcraHoBneHi kopensuii niaTBepaXyoTb KMiHIKO-NaTOreHETUYHY POrb HITPOTUPO3VBHOIO CTPECY Y PO3BUTKY «LIMTOKIHOBOrO
LUTOPMY» Ta NoniopraHHoi HeOCTaTHOCTI. BMIiCT HITPOTUPO3MHY Kopentoe 3 piBHeM C-peakTuBHOrO npoteiHy (r = +0,25,
p < 0,05), nokasHMKoM CriBBigHOLLEHHS aDCOMIOTHOI KiNIbKOCTi HEMTPOiniB 40 abContoTHOI KinbkocTi nimcgoumTis (r = +0,26,
p < 0,05), akTMBHICTIO anaHiHamiHoTpaHctepaan (r = +0,26, p < 0,05) Ta NoKasHUKOM LBMAKOCTI kKny6oukoBoi dinbTpauii

(r=-0,27,p <0,05).

[iarHoCTUYHE 3HAYeHHS OLHIOBAHHS PiBHS HITPOTUPO3UHY B NporHo3yBaHHi nepebiry COVID-19 i3 nHeBMOHieto Ha Tni ni-
KyBaHHs Yepes 7 Aib nonsrae y MOXMMBOCTI NPOrHO3yBaHHS MMOBIPHOCTI NETANBbHOIO Hacniaky Xsopobu. Tak, 36epexeHHs
piBHSA HITPOTMPO3UHY >507,98 Hmonb/mMn (AUC = 0,681, p < 0,001) y LbOMY TEpMiHi CMOCTEPEXEHHS CBIAYUTb NMPO BUCOKY

iIMOBIPHICTb HaCTaHHs NeTanbHOro HacmigkKy.

BucHoBkuM. Y xBopux Ha COVID-19 i nTHEBMOHItO piBEHb NiABMLLEHHS HITPOTUPO3UHY B CUPOBATLIi KPOBI 3aNeXWTb Bif, PO3BUTKY
KVICHEBOI 3amneXHOCTi Ta HacniaKy XBopobu. HaiBuLLMiA piBEHb HITPOTMPO3UHY BU3HAYEHO Y navieHTiB i3 COVID-19 i nHeBMOHi€0
3 TshKkkM nepebirom. CTyniHb NigBULLEHHS LIbOTO MOKa3HMKa Mae AjiarHOCTUYHY LiHHICTb WOAO NPOrHO3yBaHHS MOBIPHOCTI

HecnpusTnMBoro nepebiry Xsopoobu.

The coronavirus disease (COVID-19), the pandemic of
which was declared by the World Health Organization at
the beginning of 2020, continues to spread significantly [1].
COVID-19 is considered a systemic disease with a wide
range of clinical manifestations [2,3]. It is estimated that
80 % of individuals infected with SARS-CoV-2 have a mild
or even asymptomatic course of the disease. However,
every fifth patient, COVID-19 progresses to pneumonia,
which is associated with the development of a hyperin-
flammatory syndrome, known as the “cytokine storm”,
which leads to the formation of severe acute respiratory
distress syndrome and multiple organ failure [4].

Elucidation of the pathogenetic mechanisms of the
formation of COVID-19-associated pneumonia during the
development of the “cytokine storm” continues [1]. At the
same time, the literature presents two different opinions
regarding the understanding of this phenomenon in the
case of COVID-19. Researchers [5] suggest that it is the
maladaptive excessive immune response that leads to
the formation of severe pneumonia, multiple organ failure
and, accordingly, a fatal outcome of the disease. How-
ever, there are researchers who claim that suppression
of the immune response to the pathogen is unwarranted
because hypercytokinemia may be necessary for virus
elimination [6]. Elucidation of the pathogenetic mech-
anisms of the progression of pneumonia in COVID-19
is a necessary condition for the creation of effective
pathogenetic treatment approaches, since the effective-
ness of antiviral drugs in immunopathological phase of
SARS-CoV-2 infection is limited [3].

Today, more and more data are accumulating about
the clinical-pathogenetic role of oxidative stress in the
progression of COVID-19. Itis believed that the develop-
ment of pneumonia and the formation of acute respiratory
distress syndrome in the conditions of the “cytokine storm”
causes severe hypoxia, which leads to an increase pro-
duction of reactive oxygen species and consequently,
the development of oxidative stress [7,8,9]. Additionally,
SARS-CoV-2 infection disrupts the glucose-insulin axis,
which further contributes to oxidative stress [10,11,12].

One of the main markers of cell damage under con-
ditions of oxidative stress is nitrotyrosine, which is formed
as a result of the reaction between NO and superoxide,
leading to the formation of peroxynitrite, which, in turn,
nitrates tyrosine residues of proteins [13,14,15]. There-
fore, in several research, when determining the level of
nitrotyrosine and other components of this reaction, the
term nitrosative stress is even used [2,13,14]. Modern
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research demonstrates a direct connection between
hypoxia, oxidative stress and inflammation [16,17].
Pro-inflammatory cytokines, in particular interleukin-6,
interleukin-1B, tumor necrosis factor-a are regulated by
transcription factors that are highly sensitive to oxidative
stress [18,19]. The research [20] also demonstrated the
negative impact of increased immunological and nitro-
sative stress response, the degree of expressiveness
of which, along with hematological and hemorheological
changes, was significantly higher in hospitalized patients
with COVID-19 compared to healthy people.

The aforementioned factors underline, in our view,
the necessity to elucidate the clinical-pathogenetic role of
nitrosative stress in the formation of clinically significant
forms of COVID-19, particularly in the development of
pneumonia, and to determine the diagnostic significance
of elevated nitrotyrosine levels in predicting the course
of the disease.

Aim

The aim of the research is to elucidate the clinical-patho-
genetic and prognostic value of nitrotyrosine levels in the
blood serum of patients with COVID-19 with pneumonia
in the development of oxygen dependence and the risk
of a fatal outcome.

Materials and methods

The study included 123 patients with coronavirus disease
(COVID-19) with pneumonia, who were treated at the Mu-
nicipal Non-Profit Enterprise “Regional Infectious Clinical
Hospital” of Zaporizhzhia Regional Council. The age of
the patients ranged from 29 to 88 years. There were 57
males and 66 females. The diagnosis in all patients was
confirmed by the detection of RNA-SARS-CoV-2 from
the nasopharyngeal mucus by the polymerase chain
reaction method. In all patients included in the research,
pneumonia was confirmed by the results of chest X-ray
examination or computer tomography.

All patients received examination and treatment in
accordance with the Order of the Ministry of Health of
Ukraine dated March 28, 2020 No. 722 “Organization
of medical care for patients with coronavirus disease
(COVID-19)". All patients were included in the research
with informed consent.

Depending on the severity of the course, presence
of oxygen dependence and consequences, patients with
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Table 1. Comparison of the age of patients with coronavirus disease (COVID-19) with pneumonia depending on the presence of oxygen dependence,

abs (%)

Indicator, units of Patients with coronavirus disease (COVID-19) with pneumonia
[UEERTCTEN

Al patients (n = 123) 8 (6.5) (25.2) 68 (55.3) 16 (13.0)
I group (n = 32) 5 (15.6) 7(21.9) 20 (62.5) =
II group (n = 91) 3(3.3) 24 (26.4) 48 (52.7) 16 (17.6)

Young age, 25-44 years old dle age, 45-59 years old Elderly age, 60-75 years old Senile age, 76-90 years old
6.5

*: the difference is significant, compared to patients of the | group (p < 0.05).

COVID-19 with pneumonia were divided into groups: |
group — 32 patients with a moderate course without oxygen
dependence; Il group — 91 patients with a severe course
with the presence of oxygen dependence. Patientsin the Il
group were further divided into subgroups: II-A subgroup —
45 patients who recovered; II-B subgroup — 46 patients who
died. Patients were monitored throughout the treatment
period at the Municipal Non-Profit Enterprise “Regional In-
fectious Clinical Hospital” of Zaporizhzhia Regional Council.

The content of nitrotyrosine (Hycult Biotech, the
Netherlands) was determined in the blood serum of
patients by the immunoenzymatic method according
to the manufacturer’s instructions. Immunoenzymatic
research was conducted on the basis of the Educational
Medical Laboratory center of the Zaporizhzhia State
Medical and Pharmaceutical University (scientific consul-
tant — DSc R. O. Shcherbina). To find out the diagnostic
significance of the level of nitrotyrosine in predicting the
development of oxygen dependence and the risk of an
adverse outcome of the disease, the levels were meas-
ured in the blood serum of patients upon admission and
after 7 days of treatment.

A database of patients included in the research was
formed in Excel program. Statistical data processing
was carried out in the program Statistica for Windows
13 (StatSoft Inc., No. JPZ8041382130ARCN10-J). The
normality of the distribution was assessed using the
Shapiro-Wilk test, the difference of the distribution of the
studied characteristic from the normal law of distribution
caused the use of non-parametric methods of statistical
data processing. The results quantitative data presented
as medians and interquartile ranges Me [Q25; Q75]. The
Mann-Whitney criterion was used to determine differenc-
es between quantitative characteristics in independent
groups, the Wilcoxon criterion was used in dependent
groups, and the 2 criterion was used between qualitative
characteristics. To establish the diagnostic significance of
nitrotyrosine in predicting the risk of developing oxygen
dependence and the risk of fatal outcome of COVID-19
with pneumonia, ROC-analysis with the determination of
the cut-off point was performed. Spearman’s correlation
was used to establish relationships between quantitative
characteristics. Differences at p < 0.05 were considered
significantly significant.

Results

According to the results of the comparison the groups of
patients formed, no statistically significant difference was
established by sex (p > 0.05) and day of illness at the
time of hospitalization (p > 0.05). Patients with COVID-19
with pneumonia were hospitalized for 9.0 [7.0; 12.0] day
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of iliness. When comparing, it was noted that the age of
patients of the Il group was higher (p < 0.01) than that
of the patients of the | group and was 67.0 [58.0; 73.0]
years versus 62.0 [55.5; 65.5] years old. A statistically
significantly lower level of oxygen saturation at the time
of hospitalization in patients of the Il group, compared to
the patients of the | group, is explained by the severity of
the course and the appearance of oxygen dependence,
as predicted when forming groups of patients. Thus, the
oxygen saturation index in the air of patients of the Il group
was 90.0 [86.0; 93.0] % compared to 95.0 [94.0; 97.0] %
of patients of the | group (p < 0.001).

Taking into account the obtained statistically signifi-
cant difference in the median age of the patients of inves-
tigated groups, we conducted a more detailed analysis
of the age structure of patients with coronavirus disease
(COVID-19) with pneumonia, included in the research, as
well as comparison of nitrotyrosine content in the blood
serum depending on age at admission to the hospital.
It was established that 80 % (99 out of 123) of patients
were middle aged and elderly age, while the frequency
of patients of the specified age categories did not have
statistically significant differences when comparing the |
group and the Il group (p > 0.05). It should be noted that
young patients in both investigated groups were single
and accounted for 6.5 % (8 out of 123) of the total number
of patients included in the research. Among the patients
with COVID-19 with pneumonia of the | group who did
not have oxygen dependence, younger patients were
registered more often than among the patients of the II
group who had oxygen dependence (15.6 % vs. 3.3 %,
X2 =5.92, p = 0.15). Senile age patients with COVID-19
with pneumonia accounted for 13.0 % (16 out of 123) of
the total number of patients, but it should be noted that all
these patients had oxygen dependence (Table 1).

Taking into account the mentioned age patterns
in patients with coronavirus disease (COVID-19) with
pneumonia, we compared the content of nitrotyrosine in
the blood serum at the time of admission to the hospital
depending on age in different clinical groups. There was
no statistically significant difference in the content of nitro-
tyrosine in the blood serum of patients with COVID-19 with
pneumonia without oxygen dependence (group ) when
comparing young and middle aged patients with elderly
and senile age patients: 312.29[224.27; 533.93] nmol/ml
versus 334.03 [164.98; 507.98] nmol/ml (p > 0.05). Similar
data were obtained by us in the group of patients with
COVID-19 with oxygen-dependent pneumonia (Il group)
when comparing young and middle aged patients with
elderly and senile age patients: the content of nitrotyrosine
in the blood serum was 723.83 [509.95; 927.60] nmol/ml
versus 741.36 [564.86; 978.04] nmol/ml (p > 0.05).
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Fig. 1. The level of nitrotyrosine in blood serum (A) and its diagnostic significance (B) in patients with the coronavirus disease (COVID-19) with pneumonia during hospitalization
depending on the development of oxygen dependence. *: the difference is significant, compared to the | group of patients (p < 0.001).
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According to the results of the determination nitroty-
rosine levels in the blood serum, it was established that
in patients with the coronavirus disease (COVID-19) with
pneumonia of all examined groups and in all observation
periods, its levels exceeded (p < 0.001) those of healthy
individuals, which was 9.77 [7.48; 10.50] nmol/ml.

A comparative analysis of nitrotyrosine levels at the
time of hospitalization of patients with the coronavirus
disease COVID-19 with pneumonia showed a higher
(p <0.001) level in the presence of oxygen dependence.
Namely, in patients of the Il group, who had a severe
course with oxygen dependence at the time of hospi-
talization, the level of nitrotyrosine was 728.54 [519.96;
955.09] nmol/ml compared to 320.77 [281.54; 441.67]
nmol/ml in patients of the | group, in whom COVID-19
with pneumonia occurred without oxygen dependence
(p <0.001) (Fig. 1A).

To assess the diagnostic significance of nitrotyrosine
levels in blood serum in predicting the risk of developing
oxygen dependence at the time of hospitalization by 9.0
[7.0; 12.0] day of iliness, ROC-analysis was conducted.
We established that the threshold level of nitrotyrosine in
blood serum >481.97 nmol/ml (AUC = 0.909, p < 0.001)
indicated a high probability appearance of oxygen de-
pendence in patients with COVID-19 with pneumonia
(sensitivity — 78.6 %, specificity — 100.0 %) (Fig. 1B).

In the further part of the research, a comparative ana-
lysis of nitrotyrosine levels in the blood serum of patients
with COVID-19 with pneumonia was conducted, depend-
ing on the severity and consequences of the disease in
dynamics. It should be noted that during hospitalization of
patients with COVID-19 with pneumonia, the level of nitro-
tyrosine elevation in the blood serum clearly depended on
the severity of the course of the disease, the presence of
oxygen dependence and had a certain diagnostic value
in assessing the risk of a fatal outcome. Thus, at the time
of admission, this indicator was the highest in patients of
the II-B subgroup — 776.45 [717.57; 965.07] nmol/ml and
patients of the II-A subgroup was 576.85 [414.09; 807.39]
nmol/ml, significantly exceeding (p < 0.001) the level of
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nitrotyrosine in blood serum of patients of the | group
who did not have oxygen dependence — 320.77 [281.54;
441.67] nmol/ml. Additionally, it should be noted, that
during hospitalization the level of nitrotyrosine in the blood
serum of the II-B subgroup patients, who subsequently
had a fatal outcome, was higher (p <0.01) than in the II-A
subgroup patients, who subsequently recovered (Fig. 2).

In the course of treatment, after 7 days the level of
nitrotyrosine in the blood serum of patients in all investi-
gated groups decreased (p < 0.01), compared with the
corresponding indicator at the time of hospitalization, and
amounted to 207.29 [114.98; 414.09] nmol/mL in patients
of the | group during this period of observation, in the II-A
subgroup patients — 310.69 [265.63; 491.53] nmol/ml and
in the [I-B subgroup patients — 472.21 [258.20; 627.75]
nmol /ml. Comparison of this indicator during the specified
period of observation established that in oxygen-depend-
ent patients of the II-A subgroup and the II-B subgroup it
remained higher (p < 0.01) than in patients of the | group
who did not have signs of oxygen dependence. However,
during the specified period of observation, a statistically
significant difference in the level of nitrotyrosine in the
blood serum of patients of the 1I-A subgroup and the 1I-B
subgroup was not detected (p > 0.05) (Fig. 2).

In the subsequent part of our research, we conducted
ROC-analysis to assess the diagnostic significance of the
level of nitrotyrosine in blood serum in predicting the risk
of developing a fatal outcome of COVID-19 with pneu-
monia at different periods of patients observation. This
indicator turned out to be informative both at the time of
hospitalization of the specified category of patients, and
in the dynamics of observation of patients during treat-
ment over 7 days. Thus, at the time of hospitalization of
patients with COVID-19 with pneumonia, the threshold
level of nitrotyrosine in the blood serum, which indicates
high probability of a fatal outcome of the disease was
>521.96 nmol/ml (AUC = 0.842, p < 0.001) (sensitivity —
92.9 %, specificity — 73.1 %) (Fig. 3A). In the dynamics
of treatment of patients with COVID-19 with pneumonia
after 7 days of preservation the maintenance of the level
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Fig. 3. The diagnostic significance of the level of nitrotyrosine in the blood serum in predicting the probability of a fatal outcome in patients with COVID-19 with pneumonia during

hospitalization (A) and in the dynamics after 7 days (B).

of nitrotyrosine in the blood serum >507.98 nmol/ml
(AUC =0.681, p <0.001) (sensitivity — 50.0 %, specificity
—92.3 %) indicated a high probability of a fatal outcome
of the disease (Fig. 3B). The fatal outcome in patients of
the 1I-B subgroup was recorded at 27.0 [22.0; 32.0] days
of iliness and, respectively, by 18.0 [14.0; 23.0] day of
inpatient treatment.

The clinical-pathogenetic role of nitrotyrosine in the
course of COVID-19 with pneumonia was confirmed by
the results of correlation analysis. The established inverse
correlation of nitrotyrosine with the oxygen saturation indi-
cator (r=-0.53, p < 0.05) confirmed the role of nitrosative
stress in the development and progression of oxygen
dependence. The presence of statistically significant
correlations of the level of nitrotyrosine with indicators
of acute inflammatory reactions, namely with the level of
C-reactive protein (r = +0.25, p < 0.05) and the indicator
of the ratio of the absolute number of neutrophils to the
absolute number of lymphocytes (r = +0.26, p < 0.05),
indicated the involvement of nitrosative stress in the
development of “cytokine storm”. Additionally, a direct
correlation of the level of nitrotyrosine with the indicator
of alanine aminotransferase activity (r = +0.26, p < 0.05)
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and an inverse correlation with glomerular filtration rate
(r=-0.27, p <0.05) were confirmed the role of nitrosative
stress in the formation of multiorgan failure in patients with
COVID-19 with pneumonia.

Discussion

It is believed that the development of COVID-19 with
pneumonia is associated with the formation of a hyper-
inflammatory syndrome, the so-called “cytokine storm”,
which leads to the formation of severe acute respiratory
distress syndrome and multiorgan failure [2,4]. In mod-
ern research, attention is drawn to the role of oxidative
stress in the progression of pneumonia in COVID-19 and
the direct correlation between hypoxia, oxidative stress
and inflammation [16,17]. The development of oxidative
stress is closely related to the development of endothelial
dysfunction. In conditions of hypoxia, which progresses
during the development of acute respiratory distress
syndrome, the accumulation of oxidative stress leads to a
decrease in nitric oxide (NO), as reactive oxygen species
inhibit the activity of endothelial NO synthase [21]. In turn,
a low level of NO enhances the proliferation of vascular
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smooth muscle cells, aggregation of platelets, increased
expression of chemokines and proinflammatory cytokines,
in particular interleukin-6 [21]. Furthermore, the reduction
of NO in conditions of oxidative stress may stimulate the
production of metallomatrix proteinase, which leads to
lung damage [22].

Our research revealed a clear direct correlation
between the severity of nitrosative stress and the de-
gree of lung involvement, which was confirmed by the
appearance of oxygen dependence and the risk of a
fatal outcome of the disease with an increasing levels
of nitrotyrosine in the blood serum. Thus, the content of
nitrotyrosine in the blood serum of patients with COV-
ID-19 with oxygen-dependent pneumonia was higher
(p < 0.01) compared to patients with a moderate dis-
ease severity without oxygen dependence at all stages
of observation. Additionally, we were able to establish
the threshold levels of nitrotyrosine in the blood serum
of COVID-19 patients with pneumonia, which have
diagnostic value for predicting the probability of devel-
oping oxygen dependence and the probability of a fatal
outcome of the disease.

The results of our research, regarding the established
regularity, coincide with the results of other researchers.
Thus, researchers [15] demonstrated an increase in
nitrotyrosine levels in the blood of patients with COV-
ID-19, the level of which was higher under conditions of
a severe course of the coronavirus disease. Additionally,
it should be noted that concomitant with the increase in
nitrotyrosine levels, a significant decrease in the total
level of NO in the plasma of patients with COVID-19,
compared to healthy individuals, was established [15].
The expressiveness of these changes partly explains
the development of severe acute respiratory distress
syndrome in patients with COVID-19, understanding that
NO plays a crucial protective role in limiting the severity of
not only cardiovascular diseases, but is also able to act as
a selective pulmonary vasodilator, improving pulmonary
function in patients with acute and chronic pulmonary
hypertension [23].

It is assumed that SARS-CoV-2 sequesters the
mitochondrial function of the affected cell and switches
it from aerobic to anaerobic metabolism [11,24]. In this
state, pyruvate formed from glucose during glycolysis, is
oxidized to lactate, leading to an increase in the level of
glucose in the cell cytosol and resulting in the formation
of a limited amount of adenosine triphosphate [11,25].
Replication of SARS-CoV-2 also consumes large amount
of adenosine triphosphate, so it is rapidly depleted. In this
state, lactate is not metabolized by gluconeogenesis and
accumulates in the blood, which leads to a disruption in
glucose metabolism [26]. Furthermore, hyperglycemia,
which develops during COVID-19, contributes to hyper-
production of proinflammatory cytokines and prothrom-
botic shifts [27,28].

SARS-CoV-2 leads to an increase production of
reactive oxygen species and reactive nitrogen species,
associated with increased activity of inducible NO syn-
thase, nicotinamide adenine dinucleotide phosphate,
cyclooxygenase-2 and changes in mitochondrial functions
which activate transcription factors, leading to increased
production of proinflammatory cytokines [29,30]. An
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increase in interleukin-6, tumor necrosis factor alpha
activates macrophages and neutrophils, leading to the
destruction of the alveolar walls, collapse of small airways,
hyperpermeability of pulmonary capillaries and pulmonary
edema, which, accordingly, further increases hypoxia [29].

Conclusions

1. In patients with COVID-19 and pneumonia with
oxygen dependence, the level of nitrotyrosine in the blood
serum is higher (p < 0.001), compared to patients without
oxygen dependence. The role of nitrosative stress in the
development and progression of oxygen dependence
is confirmed by the inverse correlation between nitroty-
rosine and oxygen saturation index (r = -0.53, p < 0.05).
The threshold level of nitrotyrosine in the blood serum
indicating a high probability of oxygen dependence in
patients with COVID-19 with pneumonia was >481.97
nmol/ml (AUC = 0.909, p < 0.001).

2. The dependence of the level of nitrotyrosine
increase on the adverse outcome of COVID-19 with pneu-
monia was established. In patients of the II-B subgroup,
the content of nitrotyrosine at the time of hospitalization is
higher compared to the | group (p <0.001) and compared
to the II-A subgroup of patients (p < 0.01). The threshold
level of nitrotyrosine in the blood serum was >521.96
nmol/ml, which at the time of hospitalization indicating
a high probability of the fatal outcome of the disease
(AUC = 0.842, p < 0.001).

3. The clinical-pathogenetic role of nitrotyrosative
stress in the formation of the development of the “cytokine
storm” is confirmed by correlations of nitrotyrosine with
indicators of acute inflammatory reactions, specifically the
level of C-reactive protein (r = +0.25, p < 0.05) and the
ratio of the absolute number of neutrophils to the absolute
number of lymphocytes (r = +0.26, p < 0.05). The role of
nitrosative stress in the formation of multiple organ failure
in the conditions of the progression of COVID-19 with
pneumonia is confirmed by the correlations of nitrotyros-
ine with the indicator of alanine aminotransferase activity
(r=+0.26, p < 0.05) and the indicator of the glomerular
filtration rate (r = -0.27, p < 0.05).

4. In the dynamics of treatment of patients with
COVID-19 and pneumonia in all studied groups, the
level of nitrotyrosine decreases after 7 days (p < 0.01),
compared to the corresponding indicator at the time of
hospitalization, but in patients with oxygen dependence
it remains higher (p < 0.01), compared to the indicator of
patients of the | group. After 7 days of treatment of pa-
tients with COVID-19 and pneumonia, preservation of the
level of nitrotyrosine in the blood serum >507.98 nmol/ml
(AUC =0.681, p <0.001) indicates a high probability of a
fatal outcome of the disease.

Prospects for further research. In our opinion, the
promising direction of this research is further clarification
of the clinical-pathogenetic role of nitrosative stress in
the development of endothelial dysfunction and the risk
of developing fatal thrombotic complications in patients
with COVID-19 and pneumonia.
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Meta po6otu - BU3HAYMTW MOPEONOriYHi Ta MOPEHOMETPUYHI OCOBNMBOCTI CTPYKTYPHUX 3MiH KOMMOHEHTIB €K30KPUHHOI
YaCTUHM MiALLTYHKOBOI 3aM03u LLypiB-CaMLiB MICNs CKACcyBaHHA AOAABaHHS 40 DXi XapyoBoi 4oOaBKK rnyTamaty HaTpilo Ta
nepeBeaeHHs X Ha 3BUYaNHY JiETy.

Marepianu i meToau. 34iMCHUNM YOTUPK Cepii eKCNEPUMEHTY: NepLua AOoChiAHa — LypaM-CaMLUsM LLOAHS MPOTSroM 8 TUXHIB
fopasanu 70 Mr/kr rnyTamary HaTpito 4O iXi AN NOCUMEHHS CMaKOBWX SIKOCTEN; Apyra AOCMigHa — LLypu Yepes 8 TUXHIB
Micns BXWBaHHS rnyTamary HaTpilo nepeBedeHi Ha CTaHAapTHY JieTy Ta BUBEAEHI 3 EKCIEPUMEHTY Yepes 8 TUXHIB (Ha 16
TWXKOEHDB); TPETS — LLYPU KOHTPOMbLHOI rpyn A0 8 TUXKHIB; YeTBEPTa Cepisi — KOHTPOMbHI LLypW 40 16 TUXHIB EKCNIEPUMEHTY.
[MipwinyHkoBy 3an03y (Micns BUBEAEHHS LLLPIB 3 EKCNEPUMEHTY, TPOBEAEHHS MaTepiany Yepes napadiH i BUrOTOBMEHHS 3piiB,
3abapBneHHs reMaToKCUIIHOM Ta €03VMHOM, a3aHOM) JOCHiAUY MOPGONOTNiYHO 3 BUKOHAHHSM MOPGOMETPUYHOTO aHaniay.

Pesyabratu. Y nepLuini i gpyrii cepisix ekcnepnmMeHTy 36epiranick atpodiyHi i AereHepaTvBHI 3MiHV aLMHYCIB, LLIO AMCKOMIIEK-
COBaHi BHACMIZoK HAabpsiKy opraHa, Manu ApibHi po3mipu. Mix YacToukaMy Ta HaBKOMO YaCTOYKOBMX NPOTOKIB BidyanidyBanu
CMOSYYHY Ta AiNSHKM XXMPOBOI TKAHWHW, A1dy3HO-0CEPEAKOBI iHAiNbTpaTy. MNMpoTokM po3LwmpeHi. Ak i B nepLuii cepii, 3adikco-
BaHO Habpsik MapeHxiMy opraHa, CTIHOK CyUH i NPOTOKIB i3 BUXOZOM PiAvHM B MiXXaLMHAPHI NPOCTOPK, anonTo3 eK30KPUHOLNTIB.
Mg Yac MOpdOMETPUYHOTO AOCHIMKEHHS €K30KPUHHOT YACTWHM MiALLMNYHKOBOI 3851031 BU3HAYMIKW: CEpeaHii po3Mip aumHycCiB
CTaTUCTUYHO 3HAYYLLIO 3HVKEHWI y NepLUin i apyrii gocnigHux cepisx — B 1,4 i 1,6 pasa; nnowi — 1,2 Ta 1,5 pasa nopieHSHO
3 NOKa3HMKaMM KOHTPOIbHWX TBapWH (TPETS i YeTBepTa cepii). Y nepLuiit i apyrii cepisix BUSIBNIEHO NepeBaXaHHs aLWHYCIiB
poamipamu 71-90 mkm, wWwo cTaHoBunn 38 % i 34 % BiONOBIAHO; Y KOHTPOMBHWX Cepisix NepeBaxany auyHycu po3mMipamu
91-100 MkM (46 % Ta 42 % BignosigHo) Ta 111-149 mkm (36 % i 38 % BignosigHO). B aumHycax y nepLuii cepii BUSBUNM eK30-
KpuHOLWMTH B KinbKocTi 5,52 £ 0,58, y koHTponi — 8,05 + 0,32 (p < 0,001); y apyrin cepii — 5,24 + 0,47, y koHTponi — 7,33 + 0,43
(p<0,001) MnoLwua ex3okpuHoLMTIB y Apyri cepii cTaHoBuna 61,95 + 1,91 mkm?, y nepLwii cepii — 78,99 + 0,98 mkm? (p < 0,05).
[liameTp BCTaBHMX, BHYTPILLHbOYACTOYKOBUX | MiKYACTOYKOBMX MPOTOKIB PO3LUMPEHUIA.

BucHoBky. [icns BOCbMU TWXKHIB roflyBaHHS LLYPIB MyTaMaToM HaTpito, Oro CkacyBaHHs | NnepeBefeHHs LLypIB Ha CTaHaapTHY
JIiETY BiBapil0 Yepe3 HacTymnHi 8 TKHIB He 3adhikcOBaHO MOKPALLEHHS CTaHy NigWnyHKoBOI 3anosu. Lle nigTeepmxeHo
MOpONOoriYHUMN Ta MOPOMETPUYHNMM LOCTIMKEHHSAMM.

Morphological and morphometric indicators of structural components
of the exocrine part of the pancreas after withdrawal of administration of monosodium
glutamate to rats

Yu. V. Lytvak, T. V. Harapko, V. V. Lytvak, M. O. Kucheriavchenko

The aim of the study was to determine the morphological and morphometric features of structural changes in the components
of the exocrine part of the pancreas of male rats after withdrawal of the food additive sodium glutamate and their transfer to
a normal diet.

Materials and methods. 4 series of experiments were conducted. The 1% series — male rats were given 70 mg/kg of sodium
glutamate daily for 8 weeks to enhance their taste; the 2™ series — rats were transferred to a standard diet 8 weeks after the
use of monosodium glutamate and withdrawn from the experiment after 8 weeks (at week 16); the 3" series — control group
rats up to 8 weeks, the 4" series — control rats up to 16 weeks of the experiment. The pancreas was examined morphologi-
cally with morphometric analysis after the rats were withdrawn from the experiment, the material was paraffin-embedded and
sections were made, stained with hematoxylin and eosin and azan.

Results. In the 1%t and 2™ series of the experiment, atrophic and degenerative changes of the acini were preserved, which
were discomposed due to edema of the organ, and had small sizes. Connective tissue and areas of adipose tissue, diffuse
and focal infiltrates were visualized between the lobules and around the lobular ducts. The ducts were dilated. As in the 1%t
series, there was edema of the organ parenchyma, vessel walls and ducts with fluid leakage into the intercalated spaces,
and exocrinocyte apoptosis. The morphometric study of the exocrine part of the pancreas revealed that the average size of
acini was statistically significantly reduced in the 1st and 2nd experimental series by 1.4 and 1.6 times, and the area by 1.2
and 1.5 times compared to control animals of the 3™ and 4™ series. In the 15! and 2™ series, acini ranging in size from 71 pm
to 90 um prevailed, accounting for 38 % and 34 %, respectively, in the 1tand 2" control series — 91-100 ym (46 % and
42 %) and from 111 ym to 149 um (36 % and 38 %), respectively. In the study of the number of cells in acini in the 1¢ series,
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exocrinocytes were present in the amount of 5.52 + 0.58 vs. control 8.05 + 0.32 (p < 0.001), in the 2" series — 5.24 + 0.47 vs.
control 7.33 + 0.43 (p < 0.001) The area of exocrinocytes in the 2™ series 61.95 + 1.91 ym? vs. 78.99 + 0.98 ym? (p < 0.05)
were reduced. The diameter of the insertional, intra-lobular and inter-lobular ducts was enlarged.

Conclusions. After 8 weeks of feeding rats with monosodium glutamate and after its withdrawal and transfer of rats to the
standard diet of the rat vivarium in the next 8 weeks, no improvement in the state of the pancreas was recorded, which was

confirmed by morphological and morphometric studies.

Yke NoHaZ CTopiuysi BUBYAKOTb BE3MEYHICTb XapyoBMX
[06aBOK, L0 BUKOPUCTOBYHOTb ANS MOCUNEHHS CMaKy
ixi. myTtamar Hatpito (monosodium glutamate, MSG),
BigOMUI Takox sik E621, 3a3Buyaii 4ogaroTb A0 PisHMX
Xap4oBMX MPOAYKTIB y nobyTi Ta npomucnosocTi [1].
OpHak [o3mn Ta iXHiM BNAWB Ha 340POB’S MHOAWMHU AOCi
3anuLIalTbCs akTyanbHUM 06’ekToM HaraTbox ekcne-
pPUMEHTanbHUX JOCNIMKEHb HA TBAPUHAX | KIMiHIYHWX
BunpobysaHb [2,3,4,5]. JocnigxeHHs nokasanu, Wwo
36iNnblueHe Ta TpMBarne BXWBaHHS rmyTamary HaTpito
3 DKEK HeraTMBHO BMIMBAE Ha nevdiHky [3], HUpku [5],
cenesiHky [6], nigwnyHkoBy 3anoay [4,7], nereHi [8],
CMPUYMHSIE OXMPIHHA Ta aiabeT [8], nopyLuye penpoayk-
TWBHY doyHKUito [3,9], npusBoanTb Ao rinepanresii [10] Ta
nobGiYHMX ebekTiB LWOoAo CepLEBO-CYANHHOI Ta IMYHHOI
cuctem [11], nopyLlye M’a3u Ta ix popMyBaHHs B eM6-
pioHiB [2,12,13], 3yMOBIOE HEMPOTOKCUYHICTb [14,15] i
reHOTOKCUYHICTb [16].

Y3ke 3OiNCHUNM YnMano ekcneprMeHTanbHUX Ao-
cnifxeHb WOAO Aii rmyTamarty HaTpito, 30KpemMa 1 Ha
MigLwyHKoBy 3ano3dy. [poTe B 4OCTYMHIN HAyKOBIN NiTe-
paTypi He BUSIBUNW pe3ynbTaTiB fOCiIKeHb Ha JOPOCTNX
TBapUHaX LLOAO CTPYKTYPHUX OCOBNMBOCTEN MiALLITYHKO-
BOI 3211031 MiCNs TPUBASIOro BBEAEHHS IMyTaMaTy HaTpito
3 Xeto Ta Micns Moro ckacyBaHHS.

Merta po6otu

BusHaunTi MopdbonoriyHi Ta MopchoMeTpryHi 0cobnmBoc-
Ti CTPYKTYPHUX 3MiH KOMMOHEHTIB €K30KPUHHOI YaCTUHY
MiALLMYHKOBOI 3an03y LLypiB-CaMLiB NiCNs ckacyBaHHs
[lofaBaHHs [0 i Xxap4oBoi fJoGaBky rmyTaMaty HaTpilo
Ta nNepeBefeHHs! X Ha 3BMYanHy JiETy.

Martepianu i meToAU AOCAIAKEHHA

ExcnepumeHT 3ginicHunu Ha 20 6inux 6e3nopogHux
Lypax-camusx (puc. 1).

[lecatu TBapuHam nepopanbHo gogasanut 70 Mr/kr
rnyTamary Hatpito (3rigHo 3 mogennio [17]) ans nocu-
NEHHA CMaKOBMX SKOCTEN. |HwWi 10 wypiB oTpumyBanmu
CTaHOapTHy AieTy BiBapito. >KvBy Bary TBapyH Ha pisHnX
eTanax ekcrnepumeHTy HaBegeHo B mabnuuyj 1.

Yepes 16 TuxHiB Bara n'aTu JOCNIQHMX LypiB
ctaHoBuna 409,76 + 11,73 r, M'ATbOX KOHTPOSbHUX —
363,12+ 7,59 .

Ycix TBapWH yTpUMyBanu y CTaHgapTHUX YMOBax
BiBapito JIbBIBCbKOrO HaLiOHANbHOTO MEAWNYHOTO YHIBEP-
cuteTy imeHi Oanuna Manvupkoro. MMig Yac gocnimkeHHs
[AOTPUMYBANMCS OCHOBHMX ETUYHKX NPUHLMNIB poBoTK 3
eKCrepyMeHTarnbHUMM TBapUHaMK BiAMOBIAHO 0 nomno-
XeHHs1 €BPONENCHKOI KOHBEHLii PO 3axMUCT XpebeTHMX
TBapWH, SIKUX BUKOPUCTOBYHOTb NS €KCepUMEHTANbHIX
Ta iHWMX HaykoBwX Lineit (CTpacbypr, 1986 p.), a Takox

Maronoris. Tom 21, Ne 2(61), TpaBeHb — cepneHb 2024 p.

3aranbHUX eTUYHUX NPUHLMMNIB EKCNIEPUMEHTIB Ha TBapu-
Hax, Lo yxBaneHi Meplum HalioHanbHUM KOHrpecom 3
6ioeTtukm (Kunis, 2001 p.), 3akoHy Ykpainu «[po 3axuct
TBaApPWH Bif, XXOPCTOKOrO NOBOAKEHHS» Bia 21.02.2006 p.
Ne 3447-1V 3i 3miHamm.

3 eKcnepuMeHTy LLypiB BUBOAUNM LLNAXOM AeKani-
Tauii nig iHranAWinHKM Hapko3oM ieTunoBuM edipom
yepe3s 8 (n = 10) i 16 TwxHiB (n = 10). dekaniTaujs wypis
HeobxigHa 6yna ans GioxiMiYHUX OCTimKEHD, PE3yNnbTaTh
SIKUX BUKIAAHO B iHLLMX mybnikauisx.

[ns rictonoriyHoro Ta MOpchoMETPUYHOrO JOCHi-
[DKEHHS 3pa3ki MiALLMTYHKOBOI 3a5103v NpoBOAMNN Me-
ToAaMu CTaHAapTHOI ricTonorii, 3anueanu y napadix. 13
6roKiB BUrOTOBNANM CEPINHI 3Pi3n 3aBTOBLUKN 5—7 MKM
Ha mikpoToMi Reichert (AscTpis). denapadiHoBaHi 3piu
3abapBntoBany reMaTokCUIIHOM Ta €03WHOM, a3aHoM
ANS BU3HAYEHHS AiNSHOK CMOmyYHOI TkaHuHW. 3006pa-
XEHHS TiCTOMOrYHMX Npenaparis Ha MOHITOP KOMM'loTepa
BuBogmnu 3 mikpockona SEO SCAN 3a gonomoroto
Bigeokamepu Vision CCD Camera. BukopuctoBytouu
ii nporpamHe 3abe3neyeHHsl, B NiALLNYHKOBIN 3an03i
BMUMIpIOBanM Hanbinblmin giaMeTp auuHyciB Ta ixHio
nnowy (50 BUMIptoBaHb Ha KOXHUI TEPMIH JOCTIIKEHHS),
ZiameTp i nnotuy ek3okpuHoumTiB (50 KNiTuH) y HanGinbLL
PO3LUMPEHNX YacTuHax. BusHavamm piametp BCTaBHUX,
BHYTPILLHbOYACTOYKOBMUX | MiKYACTOYKOBMX MPOTOKIB
MigLwnyHKoBOI 3ar103u (Mo 50 BUMIptoBaHb) y piaHi TEpMiHK
JOCTiMXeHHS. YCi BUMIpIOBaHHS NPOTOKIB, aUMHYCIB Ta
€K30KPMHOLMTIB, 0BpaXxyHOK KIiTUH B aLyHycax 34icHUNM
npu 36inbLUeHHi Mikpockona: okynsp — x10, o6’ekTuB —
x100; okynsp — x10, 06’exTuB — x40.

[nsa Bu3HaYeHHs po3noainy aumHyCiB 3a pO3MipoM y
cepisix ekcnepumeHTy Bukopuctanu MS Excel ans rpyny-
BaHHS LX BUMIpIOBaHb Y [iana3oHi Bif HaiMeHLLOro 40
HanBINbLIOro 3 BU3HA4YEHUM KPoKoM. [ig Yac rpynyBaHHs
uMdpoBnx faHux Bukopuctanu copmyny Cragxeca
(The Sturges rule) onsa BU3HAYeHHS KinbKOCTi rpyn:
n=1+3,322 x IgN, Ae n — kinbkicTb rpyn, N — KinbkicTb
auyHyciB. 3a HaBeEHOK (HOPMYFIOH BU3HAYEHO 7 Tpy.
Y pianasoHi BUMipIOBaHb BpaxoByBanu cepeaHin posmip
HOPManbHKX aUWHYCIB, L0 BU3HAYMMK B KOHTPOIbHIl
rpyni TBapuH (132,4 MkM) Ta KinbkicTb rpyn (n = 7). Jai
pO30MTO Ha YMCNOBIN NPSIMIA HA OAHAKOBI MPOMIKKM
(19), Wo BM3HAYEHI AK iHTEpPBANM Mix CiMOMa rpynamu.
[ani Bu3Haumnu, sika yactka nokasHukiB noTpanuna oo
KOXHOI rpynu.

MokasHuku, Wo odepxanu nig Yyac BUMIpHOBaHHS
aUMHYCIB Ta €K30KPUHOLWMTIB, NEPEBIPUIN Ha HOPMarb-
HICTb PO3MOAiny, BUKOPUCTaBLLM KpuTepin Konmoroposa—
CmupHoBa. Pesynkrati HaBef,eHo sik CepesiHE 3HaYEHHS!
Ta ctaHgaptHa nomunka (M £ m). AN ouiHIOBaHHS
3HaYYLLOCTi BiGMIHHOCTEN ABOX HE3ANEXHUX BUBIPOK BU-
kopuctanu t-kputepin CtblogeHTa. Mpw piBHi 3HauyLLOCTI
p < 0,05 HynboBy rinoTesy 3 iMoBipHicTio 95 % Bigk1aanu.
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Tabauus 1. )KvBa Bara LLypIB Ha pi3HKX eTanax eKCrepUMEHTY, I

Rocriava royna Kotmponsta pyra

MouaTok ekcnepumeHTy 120,00 + 4,60

2 TWXHI 152,30 + 3,37 132,75 + 3,65

4 TWXHI 196,60 + 5,82 153,10 £ 3,38

6 TWXKHIB 216,70+ 7,18 172,50 + 4,92

8 TUxKHIB 236,55 + 4,02 206,60 + 5,42
1

20 wypis

10 wypis oTpumyBsanu
rnyTamar Harpito (70 mr/kr)

5 Wwypis
nepeseaeHi
Ha CTaHOapTHY JieTy

5 wwypis
BUBELEHI 3 EKCNIEPUMEHTY
yepes 8 TWkHIB

5 wypis BuBeAEHiI
yepes 8 TUxKHIB (16 TWXKHIB
Bifj MO4aTKy €KCepUMEHTY)

Puc. 1. [luzaitt ekcnepymeHTy.

PesyAbTati

Mip pieto ryTamaTy HaTpilo Ha eTanax eKCrepuMeHTy
BIICOTOK 30iMbLUEHHS Macy Tina B AOCAIAHIN rpyni LypiB
MOPIBHSAHO 3 KOHTPOMbHOK Yepe3 2 TWXHi CTaHOBUB
14,7 %, vepe3 4 — 28,4 %, yepes 6 — 25,6 %, yepe3 8 —
14,5 %. HaibinbLumi npupicT Macu Tina Lypis 3adikco-
BaHO yepe3 4 TkHi. Yepes 8 TVKHIB Micns ckacyBaHHS
[ofaBaHHs rnyTamary HaTpito [0 ki Maca LLypiB Takox
30inbwena Ha 12,7 %.

BcraHosunu, Wo Yepes 8 TWXKHIB Micns 4oAaBaHHS
rnyTamarty HaTpilo B paljoH LLypiB AereHepaTuBHO-ae-
CTPYKTUBHI MOPYLUEHHS BUSIBNAMM 3@ 3MEHLLEHHSIM PO3-
MipiB auuHycie. BoHu BigMexyBanucs oawH Bif 04HOTO
Liapamm MyxKoi CrOofyYHOI TKaHWHY, WO po3pocTanacs
MiX aLuHycamMu Ta B MiKYaCTOYKOBKX MPOMIKKaX, npu-
3B0ASUM 40 Aedhopmallii 1 OKPeMUX eK3OKPUHOLMTIB, i
aumHyciB. AUMHYCU Manu pi3Hi po3mipu Ta dopmu (go-
BracTo-MoAoBXeHy, Okpyrny abo oBanbHy). Ha ainsHkax
BU3HAYEHO aumHycy 3 2-3 knituHamm. Mix aumHycamm
Ta HaBKOMO MPOTOKIB BUSIBNEHO ANdY3HO-0CEPEOKOBY
iHGpinbTpauito (puc. 2).

[eski aumHycy i HaBiTb YacTouKM Bynn Ha AinsiHkax
3aMiLLieHi XXMPOBOIO TKAHUHOK. BUSIBUNM TaKOX TXKi K-
POBOI TKaHWHMK, LLIO Nokanidyeanucs B Tpiagax abo cynpo-
BOZKYBanm npoToku. [MpoTokW po3LUMpeHi Ta 3anoBHEHI
PIAVHOL, Ha AiNSHKaX BU3HAYMNM AeCKBaMalLLito eniTenito.
BcraHosunm BrpaxeHnii Habpsik oprasa. CyauHy 3anani,
HE MICTUMN EPUTPOLUTIB.
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5 wwypis
BUBE[EHI 3 EKCNIEPUMEHTY
yepes 8 TWKHIB

10 wypis,
KOHTPOSbHi

5 Lypis
BUBEEHI 3 EKCTIEPUMEHTY
Yyepes 16 TWXKHIB

Yepes HacTynHi 8 TUXHIB Nicns ckacyBaHHS rmyTama-
TY HaTpito B €K30KPUHHI YaCTWHI MiALLTYHKOBOI 3251031
LLypiB 36epirannchb OCTPIBLI CMOMy4HOT Ta XMPOBOT TKAHU-
HW, PO3TaLLOBAHI TaKk camo, K i B NepLuiii cepii ekcnepu-
MEHTY. BUSiBUNW HakonW4YeHHs CEKPeTy B MiXKaLMHapHNX
MpOCTOpaXx, BEMNUKi BaKyOrlbHi BKMIOYEHHS Y BCTaBHMX
npoTokax, Andy3Ho-ocepenkoBy iHinsTpaLio (puc. 3).

Y 3paskax 060x JoCnigHUX cepiii BUSIBNEHO aLyHyCK
ApiBHMX PO3MipiB, OKPEMi BKIOYanm nuLie 2—3 ek3oKkpy-
HoumTU. 30€e6inbLLOro eK30KPUHOLMTY Marnu XapakTepHy
MONSIPHICTb 3 anikanbHUM po3TallyBaHHAM siAep, KOTpi
B3[OBX S4epHOI MeMbpaHn MICTUNM reTepoxpomaTuH
i BKMOYanu nepeBaxHo ofHe saepue. HanoBHeHiCTb
LMTOMNasMu NpoayKTaMy CUHTE3Y B Pi3HUX KMiTUHaX
Bapitoana. Y AinsiHkax BU3HAYMIN aLUHyCK 3 AECTPYK-
TUBHUMM 3MIHAMW: HEYITKICTIO KOHTYPIB, €K30KPUHOLMTU
— 3 nisncom sgep abo 3 kapionikHO30M.

BusHaveHo AinsHkv HabpsKy MigLLmyHKOBOI 3aro3u,
LLIO NPW3BOAVMB [0 PO3MEXYBaHHS Ta AECTPYKLT aLmHYCIB
(puc. 4).

HesBaxatoum Ha (hyHKLIOHaNbHY aKTUBHICTb €K30KpK-
HOLWTIB, MPO LLO CBIAYaTb iXHi CTPYKTYPHI 0COONMBOCTI
(HaMOBHEHHS LWUTONa3Mu MPOAYKTaMm1 CUHTE3Y, 0cobnu-
BO B nepudepnyHmX AinsiHkax opraHa), BUSIBNEHO Je-
CTPYKTMBHI 3MiHW, NOB’A3aHi NepeayciM i3 pO3pOCTaHHAM
CrOMyYHOI TKaHWUHW, NOTOBLLEHHSAM | HABPSKOM Kancynu,
CTIiHOK CyVH, PO3LUMPEHHSM NPOTOKIB.

Mix auuHycamu BU3HAYMNK HAKOMWUYEHHS CEeKpeTy
— FOMOreHHi Macu POXeBOro Konbopy, siki Lwe BinbLue pos-
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Puc. 2. dparmeHT niaLunyHKOBOI 3a103u Liypa. [iudy3Ho-ocepenkosa iH(INLTpaLis MiX aLMHycami Ta HaBKOMO MPOTOKIB. ALMHYCK Pi3HOi hopMu, AesKi BKITKOYAKOTb 23 KMITUHN.

ematokcuniH Ta eoauH, 36. x400.

Puc. 3. ®orto ricTonoriyHoro npenapary. ®parMeHT niaLInyHKOBOI 321031 Lypa. HakonmnyeHHs CekpeTy B MiXaluuHapHUx npocTopax, BEnvKi BakyosbHi BKMIOYEHHS Y BCTABHUX
npoTokax, AndysHo-ocepeakoBa iHginbTpaLlisi. AuMHycH pisHoi (hopmu Ta poamipiB. FemaTokcuniH Ta eoauH, 36. x400.

Puc. 4. ®oto rictronoriyHoro npenapary. PparMeHTH MiALLNYHKOBOI 3a503u Liypa. Habpsik, BifoKpeMMneHHs aLmHyCiB, AECTPYKLst; 3annLLKU MPOTOKOBOT CUCTEMM, AECTPYKLIS CYANH.

ematokcuniH Ta eoauH, 36. x400.

Puc. 5. ®oTo rictonoriyHoro npenapaty. parmMeHT NiALINYHKOBOI 3ano3u Lypa. [iudy3Ha Ta ocepenkosa iHinbTpaLlis eK30KPUHHOT YaCTUHM NiALLNYHKOBOT 331031, [emaTokcuniH

Ta eo3uH, 36. x400.

LUMPIOBaNW MiXXaLMHapHi NPOCTOpK. Y BCTABHUX NPOTOKax
BUSIBUNW BEMNWKi BaKyomnbHi BkIHOYeHHs. 3adikcoBaHa
Andpy3sHo-ocepeakoBa iHinsTpauis niMoigHoO-nnasmo-
LMTapHUMK enemeHTamm (puc. 5).

BuBumnu nnoLLy Ta posmip aLmuHyciB y rpynax TBapuH
(mabn. 2). BctaHoBWNK, WO CEpeHii po3Mip aumHyciB y
LLypiB, IKUX roayBany 3 4OAaBaHHAM ryTamary HaTpito,
anoTiM ckacyBarnu ioro BBEAEHHS!, CTAaTUCTUYHO 3HaYyLLO
3HkeHu B 1,4 Ta 1,6 pasa, nnowa — B 1,2 Ta 1,5 pasa
BiNOBIAHO MOPIBHAHO 3 KOHTPOMBHUMU TBAPUHAMMN.

LLlo6 B13HauMTK, siKi pO3MipU aLMHYCIB NepeBaxatoTb
Y KOHTPOIBHUX | BOCNIAHWX CepisiX, 3QINCHUNK iX PO3noAin
Mif yac rpynyBaHHs NokasHukiB. [JaHi HaBeeHo Ha puc. 6
i 7. BctaHoBunM, Wo HaibinbLie auuHyciB y nepLuint i
Apyrii KOHTPONBHWX cepiax Manu poamipn 91-100 Mkm
(46 % i 42 %, BipnosigHo) Ta 111-149 mkm (36 % i 38 %
BiAMOBIAHO); HEBENMKY YaCTKy CTAHOBMIM aLMHYCY Marnmnx
i BENWKMX poamipis (puc. 6).

Maronoris. Tom 21, Ne 2(61), TpaBeHb — cepneHb 2024 p.

BusBneHo, Lo B CTPYKTYpi MiALLNYHKOBOI 321031 B
nepLUiN | Apyri JOCMIQHUX rpynax nepesaxany aLunHycu
poamipamm 71-90 MkM, Lo ctaHoBum 38 % Ta 34 % Bia-
MOBIAHO; YacTka auuHycis poamipom 91-110 mkm — 20 %
Ta 24 % BignoBigHo (puc. 7). Ha BiaMiHy Big KOHTPOIIO, Aie
B MiALLSYHKOBIM 3an03i LWypiB He 3ahikCoBaHO aLyHyCK
poamipom 0 50 MKM, TXHS YacTka y JOCHiQHUX rpynax
ctaHoBuna 20 % i 10 % BianosiaHo.

BuBumnm KinbKicTb KNiTWH B aUMHYCaXx KOHTPOSIbHUX
i gocnigHux rpyn Yyepes 8 TUXHIB rogdyBaHHS TBapuH
rnyTamaToM HaTpilo. BUSBUIM eK30KPUHOLMTY B KiMb-
kocTi 8,05 + 0,32 npotu 5,52 + 0,58 (p < 0,001), yepes
16 TwkHiB — 7,33 = 0,43 npotun 5,24 + 0,47 (p < 0,001)
BiANOBIAHO. [MOPIBHABLLIN NOKA3HWUKK KifIbKOCTi EK30KPUHO-
LIUTIB KOHTPOIbHWX | AOCTIAHWX rpyn TBAPWH Mix coboto,
CTaTUCTUYHOI 3HAYYLLOCTI HE BUSIBUNN.

Mig Yac BMBYEHHS CTPYKTYpU NiALLNYHKOBOI 3a-
No3n WNAXoM MOPGOMETPUYHOTO aHanisy AdiameTpa
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Tabauua 2. Po3mip auuHyciB Ta iXHs nnoLua Y LypiB Nicns rogyBaHHs ryTaMaTtoM HaTpito Ta Micns ioro ckacyBaHHs, n = 50, M £ m

Cepist ekcnepumeHTy Po3wmip auunycis, Mnowa aumnycis,
MKM MKM?

8 TWXHIB roflyBaHHs TBapWH rryTamaToM HaTpito (BocnigHa nepLua rpyna) 92,55 + 3,24 750,47 + 24,04
KoHTponbHa rpyna (nepLua) 132,4 + 3,36 925,07 + 16,54
CraTucTUYHa 3HavyLWiCTb p <0,05* p <0,001*
8 TVXHIB MiCNA ckacyBaHHA rmyTamary HaTpilo (JocnigHa apyra rpyna) 81,15+ 3,87 646,0 + 34,44
KoHTponbHa rpyna (apyra) 129,2+7,84 901,23 + 12,82
CTaTUCTWYHa 3HaYyLLiCTb p <0,001%; p <0,001%

p <0,05** p <0,05*

*P: NOPIBHSIHO 3 KOHTPONEM, **p: NOPIBHAHHSA AOCMIAHUX Cepil.

Tabauus 3. [liameTp npoTokiB NiALLITYHKOBOI 3aM03H LLypiB KOHTPOMbLHOI Cepii Ta nicns 8-TWXHEBOrO roflyBaHHs! rMyTaMaToM HaTpito, MkM, M £ m

Mporik KoHTponbHa cepis 8 TUXHIB ropgyBaHHs 8 TMXHIB nicnA ckacyBaHHA BiporigHicTb, p
(Ao 8 TMXHIB rogyBaHHA WypiB) | rMyTamaToM HaTpito roAayBaHHA rnyTamMaTom HaTpito

BcraBHi 7,39 £0,25 8,94 + 0,55 10,45+ 0,52 p1>0,05;
p2>0,05
BHYTpiLIHLO4YACTOYKOBI 33,84 £2,04 40,15 £1,77 39,36 £ 1,75 p1<0,01;
p2>0,05
BcTaBHi Mik4acTouKOBI 101,38 + 3,32 113,54 + 3,69 107,30 + 3,70 p1<0,05;
p2>0,05

p1: NOPIBHSIHHS KOHTPOMBLHOI FPYNK LLYPIB 3 NEPLLOKD AOCHIAHOK rPYNOLD; P2: NOPIBHSHHS LOCHIAHUX rpyn Mix coBoto.

6 Puc. 6. lMigwnyHkosa
50 % 3ano3a. Posnogin
46 auuHyciB 3a
45% 22 B KoHTporb, 8 TikHie ie;)rﬂf}rpom. KoHTpobHi
40 % KoHTpornb, 16 TuxHiB
Puc. 7. MigwnyHkosa
35% 3anosa. Poanogin
auyHycis 3a
30 % naiametpom. JocriaHi
cepii.
25% 22 0
20 % 18
16
15 %
10
10 % 8
6
5% 4
2 2 2 . 2
0y M -
51-70 71-90 91-110 111-130 131-149 150-169 170-189
7
40 % 38
35% 34 B nyramar Hatpito %
CkacoBaHo %
30 %
25 % 24 24
20
20 % 18
159
% 12
10 % 8
6 6
0 4
o 2 2 2
0% [ | |
11-30 31-50 51-70 71-90 91-110 111-130 131-150
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Puc. 8. MexaHiamu Habpsiky Ta NOPYLLEHHS CTPYKTYPK MiALLMYHKOBOT 3251031 B pasi 40faBaHHs! MyTamaTy HaTpito A0 XapyyBaHHs! LLypiB.

€K30KpMHOLMTIB 3pas3kiB i3 mepLioi cepii ekcnepu-
MeHTy (9,95 + 0,43 MKM) NOPIBHSHO 3 MOKa3HWKaMm
KOHTpOMbHMX LWypiB (12,23 + 0,28 MkM) BCTaHOBMN
CTaTUCTMYHO 3HauyLLi BigmiHHOCTI (p < 0,001). Y gpyrin
cepii eKCNepUMEHTY CepefHii AiaMeTp eK30KPUHOLMTIB
ctaHoBuB 10,06 + 0,57 MKM, CTaTUCTUYHO 3HAYYLLO He
BiPI3HABCA Bif NapaMeTpiB, LU0 BCTAHOBWUW Y MepLUin
cepii. MNopiBHSABLLM NMOLLY €K30KPUHOLMTIB, 0bpaxoBaHy
B nepLin cepii (78,99 + 0,98 MKM?), i3 KOHTPOMBHUMM
naHumm (84,59 + 3,33 mMkm?), 3achikcoBaHO ii 3MEHLLEH-
Ha (p < 0,05). Y pesynbraTi 3icTaBneHHs OOCMIAHUX
Cepiil 3a NokasHWKaMy NIOLLi BUSIBNEHO CTaTUCTUYHO
3HauyLLe 3HWKeHHs y apyrin cepii (78,99 £ 0,98 mkm? Ta
61,95 £ 1,91 mkm?, p < 0,01).

3aiicHunm MopdOMETPUYHNIA aHaMI3 CTaHy NPOTOKIB
y NipLWnyHKoBIN 3anosi (mabr. 3). BctaHoBwnu, Lo cTa-
TWUCTUYHO 3HAYYLLMX BiAMIHHOCTEN 3a [iaMeTPOM NPOTOKIB
MiXX MepLLOIo Ta ApYroto cepieto He Byro.

06roBopeHHA

Y 1995 pouji YnpasniHHS 3 CaHITapHOro Harnsay 3a siKicTio
Xap4oBux NpoaykTiB i MeaukameHTie (FDA), O6’eaHaHuiA
KomiTeT ekcnepTiB MNpogoBonbLYOi Ta CiflbCbKOrocno-
fapcbkoi Opranisauii O6’'eaHaHmx Hauiii / BcecBiTHbOI
opraHisavji oxopoHu 3gopos’s (FAO/WHO) Bkrto4mB rny-
Tamar HaTpilo 10 CNUCKy 3aranbHOBU3HaHUX Be3neyHmnx
xap4oBux gobasok. Y 2017 poui €Bponencbke ynpas-
niHHS 3 6esnekm xap4oBwx npogykTie (EFSA) agiiicHuno
nepeoLliHIoBaHHs 6e3MeYHOI KiNbKOCTi FyTamary HaTpito
SK Xxap4yoBoi fobaBku. 3a ixHiMU gaHuMK, Jonyctuma
fgobosa fosa (ADI) craHoBuna 30 mr/kr macy Tina Ha
ZeHb [18], TobTo Anga moguHW 3 macoto Tina 70 kr— 2,1 T.
OTxe, BU3Ha4YeHO Oe3neyHICTb Liei JobaBKM.

Y HayKOBUX AOCTIMKEHHAX i KNiHIYHUX BUNPOOyBaH-
HsIX OBEAEHO, LLIO Lif JobaBKa YMHUTL Hebe3neuHi edoek-
TW, ki 3anexartb Bif 4031 Ta TPUBANOCTi BUKOPUCTAHHS. Y
pasi HagMipHOro abo TPUBAIOro CNOXWBaHHSA ryTamary
HaTpito B 6inbLUOCTI AOCHimKeEHb tikcyBany nobivHi ecpek-
TW, BKIKOYAI0UM BNAVB Ha NiALLTYHKOBY 3am03y.

CynepeunuBi BUCHOBKY LLOAO NPobrnemMu CnoxmBaH-
Hs1 FyTaMaty HaTpito MOXyTb OyTW NOB'A3aHi 3 TUM, L0

Maronoris. Tom 21, Ne 2(61), TpaBeHb — cepneHb 2024 p.

€HOOreHHWIA rmyTamart Bigirpae ponb Y iionoriyHux i
naTonoriyHux npouecax [19].

Y pe3ynsTaTi AOCHIMKEHHS, LU0 30iCHANN, BUSIBUATIN:
rogyBaHHs LypiB i3 gogaeaHHaM 70 mr/kr rytamary
HaTpito MPU3BOAUTL A0 BUPAXKEHUX AEr€HepaTUBHUX i
[ECTPYKTUBHUX MOPYLUEHb MiALWNYHKOBOI 3anoau. | micns
8 TWKHIB rogyBaHHs, i NiCNs NPUNUHEHHS 0OAABAHHS
rnyTamarty HaTpilo 3 nepeBedeHHAM TBapWH Ha CTaH-
[apTHy AiETy NpOTAroM HacTynHMX 8 TvkHIB 36epiraBcs
BUPaKEHUIN HAbPSK MiALLTYHKOBOI 3arnosw, BrU3Havamm
OECTPYKTUBHI 3MiHN aLyHYCIB Ta EK30KPUHOLMTIB.

Y HaykoBiW niTepaTypi ONUCaHO Kiflbka MOTEHLNn-
HUX MexaHi3MiB, Yyepes ski rmyTamart HaTpilo MoXe
CNIPUYMHATK HAOPSK NiALWMYHKOBOI 3ano3u abo iHLwi
npobnemu (puc. 8). Bigomo, wWo rnytamaT HaTpito
MO>Xe 3yMOBOBATY 3ananbHy peakLito B OpraHiami, Lo
MOTEHLINHO NPU3BOAWTL A0 NOPYLUEHHS HOPMAarbHOTO
(hyHKLiOHYBaHHS NigLLNYHKOBOI 3amo3u Ta ii Habpsiky
[1]. 3ananeHHs1 cnpuyMHsE OKCMOATUBHUIA CTPEC, WO
CyNpOBOKYETHCA BUBINMBbHEHHSAM BiNbHWUX pagukanis,
npu3BOaMTL 40 MeTaboniyHuX po3nagis, CUCTEMHMX
MOLLKOAXKEHb opraHa 1 anonto3y knituH [5,20]. Buss-
NEHO, WO CMOXWBAHHS rmyTamaTy HaTpito Npru3Boanno
[10 3MEHLUEHHS Macu 6eTa-KNiTH NigLWnyHKOBOI 3amno-
3u, 36iMbLUEHHSI OKCUAATWUBHOTO CTPECY, LUBWUAKOCTI 1
Hanpsimy metaboniamy [1]. TnyTamaTt HaTpito nopyLuye
06MiH peyoBWH B OpraHiami, 3o0kpema 1 yHKLitoBaHHS
MiALLYHKOBOI 321031 Ta Mae TOKCUYHy Aito [1,21]. BHac-
NigoK AMCYHKUIT NiALLIYHKOBOT 32031 NiABULLYETLCS
6iocnHTE3 i BUBINbHEHHSI TPABHMX (DEPMEHTIB i FOPMOHIB,
a OTXKE MOXeE BUHUKHYTW Habpsik. Kpim Toro, 36inbLueHa
cekpeLis TpaBHUX (DEepPMEHTIB BHACMIZOK 3anasieHHs
MOXe MPU3BECTV [0 CaMONEPETPaBNEHHS 3anosu, a
TaKOX CMPWUYMHWTK JECTPYKLIO KNiTWH, 3ananeHHs Ta
Habpsik [22].

Y pocnigKeHHi, Wo 3aiMCHUNMKU, BU3HAYUIN HeraTme-
Hy Aito rmyTamaty Ha CTPYKTYpY €K30KPUHHOI YacTUHU
MiZLLNYHKOBOI 3an03u y Monoamux TBapuH. 3icTaBHi AaHi
HaBe[,eHO B OKpEMUX JOCTIIIKEHHSIX, Mif Yac sIKUX BUBYa-
V1 Zjto Pi3HUX KOHLIEHTPALiN ryTamaty HaTpito (10 MKr/kr,
30 wmkr/kr) [4,23]. BTim y goctynHii dpaxosin nireparypi
He BUsiBneHo mxepen, e bynum 6 onybnikoBaHi BigoMoCTi
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LLIOA0 MOXMMBOCTI BiGHOBHOTO NMPOLECy B MiALLYHKOBIN
3ano3i Mmicns NpUNUHEHHs Aji ryTamary HaTpilo B Ao-
POCMX TBAPWH Ha TNi Xap4yBaHHS 3 NOro A0AABAHHSIM.

Y pesynerarti gocnigpkenns . B. Jlewwexko i cniBasT.
OfepXXanv aHi, LU0 XapaKTepuayoTb CTaH NiALLTYHKOBOT
3a5103u nicns BBeAEHHS rmyTaMaTy HaTpito NiAWKIpHO B
[,03i 8 MK/r (4 Mr/r) HOBOHAPOMKEHUM TBApPUHaM Ha 2, 4,
6, 8 Ta 10 OGOV XUTTS 3 HACTYMHWUM OLLiHIOBAHHAM Yepe3
YOTWPK MICAL|i NiCNS CKaCyBaHHA Ha NepeBefeHHs TBapWH
Ha 3BUYaHUI pauioH. ABTOpU 3adikcyBanu pO3BUTOK
OXMPiHHA Ta MeTaboniyHoro cuHapomy [24].

Y HaLLoMy JOCTiMKEHHI MiCNs CKacyBaHHS BBEAEHHS
rnyTamarty HaTpito BUSIBNEHO: Y CTPYKTYPI NiALUMYHKOBOT
3aroau y 4opocrvx Wwypis 3bepiranvcs atpodivHi Ta gere-
HepaTuBHI 3MiHK, LU0 3achikCcoBaHi HaNPUKIHLI rogyBaHHS
TBApUH 3 AoAaBaHHsAM Liei fobaskm (8 TwxHiB). Lie moxe
OyT1 NOB’A3aHO HE TiMbKK 3 NOKaNbHUM BMIMBOM rnyTa-
maTy HaTpito Ha MiALLMYHKOBY 32103y, ane i 3 TOKCUYHOK
i€t Ha iHLLi opraHu, a Takox MeTaboniyHuMK posnaaa-
MU, SIK-OT OKUPIHHSA, MiNEPTOHIS Ta LyKpoBWi AjaberT, yepes
pi3Hi MeTabomiYHi MeXaHi3mMu, L0 BKIMKYAKTb iHAYKLiO
OKMCHOTO CTpeCy, rinepiHcyniHemito, Avcninigemito, rinep-
NenTUHEMIto, rinepdarito, ANCHYHKLID TpaHcnopTepis
rnyTamary HaTpito [5,6,24]. Y BOCTiIKeHHI, L0 3aiNCHANY,
3adhikcoBaHO 36inbLUEHHA Macy Tina LLypiB — OXKUPIHHS,
LU0 TaKOX MOXE BMMMBATW Ha BILHOBMEHHS CTPYKTYpU
MigLLYHKOBOI 3a1103K.

3anarnbHe ypaeHHs eK30KPUHHOI YaCTVHW NiALLITyH-
KOBOI 3251031 BiZHOBIIOETLCA LUMSAXOM pereHepawii
aLUMHapHWX KNITWH Yepes TPaH3UTOPHI hasn 3ananeHHs,
a gucbanaHc Mix LMMK nposananbHumMW Ta npoaunde-
PEHLAHUMY WRsSXaMy cnpuinHsie ibpos | aeandepeH-
uiadito aumHycis [25]. MoxnmBo, KackagHe MOpyLUEHHS
noKarnbHUX i MeTaboniYHnX LWNAXIB HE CrpUSNO MoKpa-
LLIEHHIO CTPYKTYPY MiALLNYHKOBOI 3211031 B AOCTIHKEHI
TEePMiH nicns ckacyBaHHS BBEAEHHS rMyTaMary Hatpito.

BucHoBKu

1. FogyBaHHA LWypiB rnyTaMaTom HaTpilo B 403
70 Mr/Kr >XMBOT Macy NPOTAroM 8 TVKHIB NPU3BOANTL 0
BUPaXEHUX aTPOIYHNX i AECTPYKTUBHUX 3MiH Y CTPYK-
TYpi EK30KPUHHOI YaCTWUHK MiALLTYHKOBOI 3a5o3u. llicns
CKaCyBaHHS BBELEHHS rMyTamaTy HaTpito Ta rogyBaHHS
LLypiB 3BMYANHOK DKet He 3adikcoBaHO MOKPALLEHHS
CTaHy NiALWnyHKOBOI 3ano3u.

2. Nig yac MopoOMeTpPUYHOro AOCHiAXKEHHS,
MOPIBHSABLUM OKPEMi MOKA3HUKN €K3OKPUHHOI YaCTUHW
NigLLIYHKOBOT 3ano3n, BU3HAYeHO: Yepes 8 TUXHIB
roflyBaHHSI EKCMepUMEHTanbHUX TBAPWH [yTamaTom
HaTPpito Ta nicns MOro CKacyBaHHS NIIOLLA eK30KPUHOLMTIB
3meHLumnacs (78,99 + 0,98 mkm? npoti 61,95 + 1,91 mkm?,
p < 0,05); piameTp BCTaBHUX, BHYTPILLHLOYACTOYKOBIX
i Mi>)K4aCTOYKOBMX NPOTOKIB PO3LLUMPEHUN; cepeaHin
PO3MIp aUMHYCIB CTaTUCTUYHO 3HAYYLLO 3HWXKEHWUA B
1,4 Ta 1,6 pasa, nnowi — B 1,2 Ta 1,5 pasa NOpiBHSAHO 3
KOHTPOINbHUMM NapameTpamu. Y nepLuin i gpyrin cepisx
BUSIBMEHO NEepeBaXKaHHs aLmHyciB poamipamu 71-90 Mkw,
Lo craHoBunu 38 % i 34 % BIiONOBIAHO; Y KOHTPONMBHMX
cepisix nepeeaxanu auuHycu poamipamu 91-100 mMkm
(46 % Ta 42 % signosigHo) Ta 111-149 mkm (36 % i 38 %
BiANOBIAHO). B aumMHycax KOHTPOMbHMX | AOCAIAHWX rpyn
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yepes 8 TWXKHIB rogyBaHHS TBAPUH rlyTaMatoM HaTpito
BUSBMSANM €K30KPUHOLMTM B KinbkocTi 8,05 + 0,32 npoTn
5,562 + 0,58 (p < 0,001), yepe3 16 TwxHiB 7,33 £ 0,43
npotu 5,24 + 0,47 (p < 0,001) BignosigHo.

MepcneKTMBU NOAAABLLMX AOCAIAKEHD. [JoCniaKeHHs
MOEKYNSPHUX OCHOB pereHepaLlii ek30KPUHHOT YaCTUHM
MiZLLMYHKOBOI 3211031 MOXe BUSIBUTW HOBI TEpaneBTUYHi
uini Ans nikyBaHHS Ta npodinakTvkv po3nagis nicns gii
rnyTamary Hatpito.
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Meta po60TH - BU3HAUYUTN OCOBIMBOCTI €H3VMMHOI Ta ryTaTiOHOBOT JIAHOK aHTOKCWUAAHTHOTO 3aXMUCTY NEYiHKM LypiB Pi3HOMO
BiKY 3a YMOB eKCepUMeHTasbHOI KpaHIOCKENeTHOI TpaBMy.

Martepianu i meToau. Y WiypiB TpbOX BIKOBUX rpyn (CTaTeBOHE3pIni, CTaTeBO3pini, CTapi) B yMoBax TiOneHTan-HaTpieBoro
Hapkody mogentoBanu kpaHiockeneTHy Tpasmy (KCT). LLypis BUBOAUNM 3 eKCNEPUMEHTY B yMOBaX Hapkoay vepes 3 i 7 aib
MOCTTPaBMaTU4HOrO nepiody. B ekcTpakTi romoreHaTy neviHkv BU3Ha4anm CynepokCMaAMCMYTasHy Ta kaTtanasHy akTUBHICTb,
rnyTatioHnepokcuaasty () i rmyTatioHpeaykTtasy ("P) akTUBHICTb, BMICT BiGHOBIEHOTO [MyTaTiOHY.

PesyabtaTi. BctaHoBnEHO, WO He3anexHo Bia Biky nig BnnvBom KCT vepes 3 i 7 4ib nocTTpaBMaTUyHOro nepiogy B NeYiHLi
NiAAOCNIAHUX LLYPIB iICTOTHO 3HWXKYKOTBCSA MOKA3HWKW €H3MMHOI Ta rMyTaTiOHOBOI NMAaHOK aHTUOKCUAAHTHOIO 3aXUCTy, Lo
BMBYanu. Bussunu, Wo nokasHUKM CTapux LLypiB iCTOTHO 3HWKEHI: Yepes 7 Aib katanasHa akTuBHICTb MeHwa Ha 30,8 %
NOPIBHSIHO 3i CTaTEBOHE3PINMMU, Ha 27,0 % — NOpIBHAHO 3i cTaTeBO3pinUMK TBapuHamu; [l-akTuBHiCTb — Ha 31,6 % wopo
MOKa3HUKIB CTaTEBOHE3PINMX, Ha 23,5 % — LoAo cTaTeBo3pinux Lypis; MP-akTuBHICTL — Ha 22,0 % nopiBHSAHO 3i cTaTe-
BO3PINUMYW TBapUHaMW.

Pesynbratw, Wwo ogepxanu, NigTBepmKyoTb CUCTEMHWI MPOOKCUAAHTHUI BNNWMB MOAENbOBaHOI TPABMU Ha OpraHw, BigaaneHi
Bif MicLis 6e3nocepeHbOro TpaBMyBaHHS, a TakoX Ha 3HWKEHHS aHTUOKCUAAHTHOI 34aTHOCTI NEYiHKM LLYyPIB 3i 36inbLUEHHAM
BIKY.

BucHoBku. Mig Bnnveom KCT y nigaocnigHnx Wwypie HeanexHo Big Biky Yepe3 3 i 7 Ai6 NocTynoBo 3HUKYETLCA akTUBHICTb
€H3WMHOI Ta ryTaTiOHOBOI NaHOK aHTUOKCUAAHTHOIO 3axuCTy nediHku. 3a ymoB mogentoBaHHs KCT aHTuokcuaaHTHa 3gaTHiCTb
MEYiHKW CTapUX LLPIB € HKYOIO, HK y CTAaTeBO3PINKX i CTAaTEBOHE3PINMX LLYpIB.

Dynamics of enzymatic and glutathione link of antioxidant protection
of the liver of rats of different age in case of experimental cranioskeletal injury

Yu. I. Sushko, M. I. Badiuk, A. A. Hudyma, O. A. Zachepa,
A. V. Dobrorodhnii, L. Ye. Hrytsyshyn

Aim. To determine the peculiarities of enzymatic and glutathione link of antioxidant protection of the liver of rats of different
age in case of experimental cranioskeletal injury.

Materials and methods. Cranioskeletal trauma (CST) was modelled in rats of three age groups (sexually immature,
sexually mature, old) under thiopental sodium anesthesia. Rats were removed from the experiment under anesthesia
after 3 and 7 days of the post-traumatic period. Superoxide dismutase and catalase activity, as well as glutathione
peroxidase (GP) and glutathione reductase (GR) activity and the content of reduced glutathione were determined in the
liver homogenate extract.

Results. It was identified that, regardless of age, under the influence of CST, after 3 and 7 days of the post-traumatic
period, in the liver of experimental rats, indicated parameters of enzymatic and glutathione link of antioxidant protection
significantly decrease. However, the degree of decrease of the studied indicators is significantly greater in old rats, in
particular after 7 days: according to catalase activity — on 30.8 % compared to sexually immature rats and on 27.0 %
compared to sexually mature rats; according to glutathione peroxidase activity — on 31.6 % compared to sexually im-
mature rats and on 23.5 % compared to sexually mature rats; according to glutathione reductase activity — on 22.0 %
compared to sexually mature rats.

The obtained results indicate a systemic pro-oxidant effect of the modelled injury on organs which are distant from the site of
direct injury, as well as a decrease in the antioxidant capacity of the liver of rats with increasing age.

Conclusions. Under the influence of CST, the activity of the enzyme and glutathione link of antioxidant protection of the liver
gradually decreases after 3 and 7 days in experimental rats, regardless of age. Under the conditions of CST modeling, the
antioxidant capacity of the liver of old rats is lower than that of sexually mature and immature rats.
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YepenHo-mo3koBa Tpasma (UMT) HanexuTb 40 HAUTSHKIMX
¢hopM TpaBMaTUHHNX YLLKOIKEHb | € OCHOBHOH MPUYUHOK
CMepTi, TpyBanoi BTpaTyi NpawLe3aaTHoCTi Ta iHBanigHocCTi
B AiTen i gopocnumx Bikom Big 1 o 44 pokis [1]. PiBeHb
CMEpTHOCTi Y TPaBMOBaHUX MaLieHTiB 3pOCTae 3 BikOM,
0CcobnMBO Ha LLIOCTOMY Ta CbOMOMY AECATUMITTI XUTTS [2].
HWHi BHaCMifoK 3pOCTaHHS YacTOTH BUCOKOEHEPIreTUYHNX
Tpasm YUMT Hepigko NOEQHYETLCS 3 IHLWMMK eKcTpakpa-
HianbHUMK MOLUKOMKEHHAMM, O MOXYTb 3MiHIOBaTK ii
naToreHes i Hacnigky, 30Kpema BnnuBaTyi Ha BTOPUHHE
Helpo3ananeHHs [3]. 3-nomix Takux TpaBM HarvacTille
LiarHoCTyoTb NOEAHAHE YLLKOMKEHHS! Yepena Ta KiCTok
ckeneTa — kpaniockeneTHy Tpasmy (KCT), Lo cnpnimnHse
iCTOTHE NiABULLEHHS CMEPTHOCTI Ta 3HKEHHS SKOCTI XUTTS
nauieHTis [4], ocobnmeo Bikom noHag 55 pokis [5].

B ocHogi natoreHedy YUMT, kpim npsiMoro ypaxxeHHst
TOIIOBHOTO MO3KY, CMIPUYMHEHOrO TPaBMaTu4HUM Bu-
BOM, BaXXNVBY pOIib Bidirpae NOro BTOPUHHE YpaKEHHS!
yepes MiICLEBY iLLIEMIO TKaHWH, HAbPsK, MeTaboniyHi
3MiHVW Ta NOLUKOYKEHHS aKTUBHUMU POPMaMM OKCUTEHY,
LU0 3yMOBIIOKTb HEBPOIOTiYHE MoripLUeHHst [6].

AKTVBHI POPMU OKCUreHy # akTVBHI hopmu asoTy,
LU0 B HaAULLIKY yTBOpHotoTLCA nicns YMT, pasom i3 npo-
AyKTaMy NepOKCUAHOTO OKWCHEHHS NiMiaiB (aKTWBHUMU
anbaerigamu) i MmefiatopamMu 3ananeHHs CUHEpPriYHO
BM/IMBAOTb HAa BTOPUHHE MOLUKOKEHHIO MO3Ky. icns
UMT HapMipHWUI A OKUCHIOBAmNBHUI CTPEC NepeBaHTaxye
€HOrEeHHY KIITUHHY aHTUOKCUAAHTHY CUCTEMY, LLIO MOXe
NPU3BECTY 0 3arnbeni KNiTuH [7] i CNpUYNHSIE MOCUNEHHS
€HIOreHHOI iHTOKcuMKaLlii. BinbHi pagukanu, npogyktu
ninigHoOT nepokcuaadii, Meaiatopy 3ananeHHs Ta eHpo-
TOKCUHW BHACMigoK NopyLEeHHsI remaToeHLedaniyHoro
6ap’epa NoTpannsoTh 40 CUCTEMHOTO KPOBOTOKY 11 YLLIKO-
IDKYIOTb OpraHu Ta TKaHWHW, BiaaaneHi Big micus 6e3no-
cepeaHboi TpaBmu. Came TpaBMa € NyCKOBUM YUHHUKOM
PO3BWTKY MOMIOPraHHOI AMCYHKLi Ta HEAOCTATHOCTI, LLO
MOCUMIOKTBLCA 3a YMOB NOeHAHOT TpaBmu, 3okpema KCT
[8]. 3a3Haummo, LU0 y BikOBOMY acnekTi CUCTEMHMIA BNAWB
KCT maixe He pocnimkysanm.

lMocvneHHs BinbHOPaAVKanbHOMO OKUCHEHHS, LLO BU-
3HayatoTb Nig yac KCT, cynpoBOoaKyETbCSA BUCHAXEHHAM
QHTVIOKCWMAHTHOIO 3aXMCTY, 30KpeMa EH3MMHOI Ta ITyTa-
TIOHOBOI TaHOK aHTOKCKAAHTHOrO 3axucTy [9]. OpHak ixHs
AuHaMika B neviHui sik o6’ekTi cuctemuoro Bnnmsy KCT
Maibke He JocnimkeHa B acnekTi Biky. Lie o6rpyHToBYE
[OLNbHICTb TAaKOro AOCiIKEHHS.

MeTta pobotu

Bu3HaunT 0cobnmBOCTi EH3MMHOI Ta InyTaTioHOBOI Na-
HOK aHTOKCVAHTHOTO 3aXM1CTY MeYiHKV LLYypiB Pi3HOrO BiKy
32 YMOB eKcnepuMeHTarbHOI KpaHiOCKeneTHOT TpaBMy.

Marepianm i meToAU AOCAIAKEHHA

EkcnepumeHTH 3giiicHunu Ha 63 6innx Lwypax-camusix
niHii Bictap pi3Hux BikoBux rpyn Ha 6asi LieHTpansHoi
HayKoBO-gocniaHoT naboparopii TepHOMiNbCbLKOrO Ha-
LioHanbHOro MeauyHoro yHisepcutety imeHi . A. Top-
6ayeBcbkoro MOS3 Ykpainu (CBigOLTBO NPO TEXHIYHY
komneTeHTHICTb Ne 128/23, BupaHe 28.12.2023 p., YuHHe
[0 27.12.2028 p.).
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YCix LLypiB Noginuamn Ha Tpu rpyni 3anexHo Big Biky.
KoxHa rpyna (aBi gocnigHux i KOHTponbHa) Bkmtoyana 21
Lypa. TBapyH Ha rpynu Noainunm BUNaakoByM METOAOM,
yTpUMyBanu Ha CTaHZapTHOMY paLioHi BiBapito. [1o nep-
LLIOT rpYNK YBIMLLAM cTaTeBOHe3pini Lwypw sikom 100-120
AHis, maca Tina — 90-110 r. lo Apyroi — crateBo3pini
TBapuHM BikoM 6-8 micsuiB, maca Tina — 180-200 r. o
TPpeTbOoi — cTapi Wypu Bikom 19-23 micsuj, maca Tina —
300-320r.

Y Bcix gocnigHux rpynax (no 7 TBapuH KOXHOI Bi-
KOBOI rpynu) B ymMoBax TiONeHTan-HaTpieBoro Hapkosy
(40 wmr/kr-') mogentosanu KCT. Y ctateBoHe3pinmx (mo-
noaux) TBapWH NOCMILOBHO HA OHE 3i CTErOH HAHOCUMK
[030BaHUI MeXaHiYHWi yaap TBepauMm npegmeTom i3
KNMHOBMAHOLO Hacaakoto 1 eHeprieto 0,320 [k, gocsranm
3aKpUTOro nepenioMy OfHiei CTerHoBoi KicTku. Hagani
npeaMeToM 3 TyMM KiHLEM 3aBAaBani fO30BaHOIO yaapy
no Yepeny 3 eHeprieto 0,226 [x y Touui Ha 3 MM Bnepen
BiZ MixBYyLUHOI niHii [10].

Y crateBo3pinux (4OPOCNUX) TBAapWH Nepernom
CTerHa MOZEentoBani LUMSAXOM HaHEeCEHHs [1030BaHOrO
MEXaHi4HOTO NOLLIKOPKEHHS CTErHa yAapHUM NpUCTPOEM
i3 KNMHOBMAHOW Hacagkot 3 eHeprieto 0,637 [k, ske
CMPVUYMHANO 3aKPUTUIA NEPENIOM CTErHOBOI KicTkU. Ye-
penHo-MO3KOBY TpaBMYy MOAENNOBANM [J030BaHUM yAapOM
Mo Yepeny B ToHLi Ha 5 CM Bnepes, Bid MiXXBYLUHOI NiHii 3
eHeprieto 0,375 x [10].

Y cTapux LWypiB nepeniom cTerHa mogesntoBanu
LUISXOM HaHECEHHS [030BaHOro ygapy Mo CTerHy
3 eHeprieto 0,796 [Ix, 4epenHo-MO3KOBY TpaBmy —
[030BaHNM yAapoM NpeaMeToM i3 TynuM KiHLEM no
yepeny 3 eHeprieto 0,549 [Ix y Touui Ha 6 MM Bnepeq
BiA MiXXBYLLHOI MiHii [8].

EHepria yaapy y TBapuH pi3HMX BIKOBUX rpyn cripu-
YMHSINA YepenHO-MO3KOBY TPaBMy CepefHbOro CTyNeHs
TSXKKOCTI [8]. B ekcnepumeHTax He BMKOPUCTOBYBanwi
TBapWH, B SKVX BUSIBNSANM NMPOHUKHE YpaXeHHs Yepena
Y¥ BiBKPUTWIA NEPENOM CTerHa.

Y KOHTPOMbHUX rpynax (Mo 7 LypiB KOXHOTO BiKY)
TBapWH TiNbKyi BBOAWUIN Yy TiONEHTAI-HaTPIEBUIA HAPKO3.

3 eKCrepyIMEHTIB LLYypiB BUBOAWUIN B yMOBaX HapKo3y
yepes 3 i 7 Oi6 MeTogom TOTanbHOMO KPOBOMYCKAHHS
3 cepud. OxonomKeHy i BiMMTY Bif KPOBI MEYiHKY ro-
moreHizyBanu B romorenizatopi Silent Crasher 75000
(HimeyunHa).

lMoka3HMKW eH3MMHOT Ta rnyTaTioHOBOT MaHoK
aHTVOKCUMAAHTHOTO 3axucTy BuaHavanm B 10 % ekct-
paKTi roMoreHaTy neviHku 3a MeToAuKaMmu, Lo Onu-
caHi y poborti [11], BUKOPUCTOBYIOUM CNEKTPOTOMETP
LabAnalyt SP-V1000 (Granum, Kutait). 3aranbHy
cynepokcnaancmyTasHy (CO[) akTUBHICTL BU3HAYanm
3a 3HWXEHHAM LUBUAKOCTI POTOBIAHOBNEHHS HITpOTE-
Tpa3onito CYHBOTO 3a HAsABHOCTI (heHasnHMeTacynbdary
i pubocbnasiHy (BiZHOBHUK). KaTanasHy akTVBHICTb OLLi-
HIOBaIM 3a 3AaTHICTIO NEPOKCUAY BOAHIO YTBOPIOBATY 3
Moni6aaToOM aMOHit0 CTiKuIA 3abapBneHnin KOMMEKC.
BigHoBnenun ryTartioH (BIN) Bu3Ha4anw 3 BUkopucTaH-
HAM 5,5’-anTio6ic(2-HITPOOGEH30MHOT KUCIOTK) (peakTuB
Enmana). MyTatioHnepokcnaasHy aktusHictb (1)
OLiHIOBanu 3a YTBOPEHHSM OKUCHEHOrO FNyTaTioHy.
ImyTaTioHpegyKkTasHy akTuBHicTb (I'P) Bu3Havanu 3a
LBKUAKICTIO OKkMCHeHHst NADPH+H*.
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Mg Yac ekcnepuMeHTiB SOTPUMyBanucs «3ararnbHux
€TUYHUX MPUHLMNIB EKCMEPUMEHTIB Ha TBapuHax», Lo
yxBarneHi [MepLunm HawioHanbHUM KOHrPecoMm 3 6ioeTukm
(Kuis, 2001) Ta y3romxeHi 3 NONOXEHHAM « EBPONENCHKOI
KOHBEHLIii LLOA0 3ax1CcTy XpebeTHUX TBapwH, Siki BUKO-
PUCTOBYIOTLCS NS EKCTIEPUMEHTANbHUX Ta iHLIUX Hay-
koBux uinen» (CtpacBypr, 1986). Onepxanu BUCHOBOK
KoMicii 3 nuTaHb GioeTnkM TepHOMINbCHKOrO HawlioHanb-
HOro MeAMYHOrO YHiBEpCUTETY iMeHi |. A. fTopbaveBcbkoro
MO3 Ykpainu Big 06.01.2023 p. Ne 72.

Lincbposuii maTepian onpavtoBanu, 3aCTOCyBaBLUM
nporpamHumin nakeT Statistica 10.0 (StatSoft Inc., CLUA),
cepiiHun Homep aucka BXXR303F737429FA-8. Bu-
3Haumnu megiaHy (Me), HWxXHIN | BepxHin kBapTuni (LQ,
UQ). ins He3anexHOro NOPIBHAHHSA CTYNEHS BiAXUNEHHS
MOKa3HUKIB, L0 BUBYANM, LLOLO KOHTPOMKO y TBapWH
Pi3HUX BIKOBMX rpyn obpaxyBanu CepenHe BiHOLIEHHS
iHAMBIQYanbHUX BENWYUH O CEPESHIX NapameTpiB KOH-
TponbHOI rpynu. BiporigHicTb BigMIHHOCTEN OLiHIOBanu
3a HenapameTpuyHum kputepiem MaHnHa-BiTHi, gocto-
BipHO0 BBaXanu pisHuuto npu p < 0,05.

Pe3ynbTati

3a gaHnmu, Wwo HasedeHi B mabnauyj 1, y KOHTPOMbHUX
rpynax LypiB pisHux Bikoux rpyn COJ[-akTuBHICTb ne-
YiHkv BigpisHanacs. HanbinbLui nokasHukm 3adikcyBanm
y CTaTeBo3pinuXx LWypis (KOHTponbHa rpyna 2) —Ha 27,4 %
nepeByILLYBany faHi, BU3HAYeHi y rpyni cTaTeBOHE3pinmx
TBapUH (koHTponbHa rpyna 1) (p < 0,05). HaimeHwi na-
pameTpu CO[l-aKTUBHOCTI MEYIHKN BU3HAYMMK Y CTapuX
wypiB (koHTponbHa rpyna 3). Y Uil rpyni nokasHuK Ha
26,1 % HWXYMIA, HDX Y KOHTPOMbHIN rpyni 2 (p < 0,05). Bip-
MIHHOCTI MiXX KOHTPOMbHUMM rpynamu 1 i 3 cTaTncTnyHO
He 3Hadywwi (p > 0,05).

Yepes 3 nobu nicnsa HaHeceHHs KCT y Bcix gocnia-
Hux rpynax wypis CO[-akTUBHICTb NeYiHKK MOPIBHAHO
3 KOHTPOeM iCTOTHO 3MeHLLyBanacs: y AOCTiAHiv rpyni
1-Ha 22,8 % (p <0,05), y gocnigHiv rpyni 2 —Ha 33,3 %
(p < 0,05), y gocnignin rpyni 3 — Ha 38,5 % (p < 0,05).
lMopiBHSIHHS fOCRIQHMX rpyn Nokasano, Lo Yepes 3 4obu
€KCNEPUMEHTY TiflbKu y TpynMi CTapuX LLypiB NMOKa3HWK
iCTOTHO MEHLLIWIA, HiX BiAMOBIAHWI Y rpyni CTaTEBO3PINMUX
wypis (Ha 34,8 %, p < 0,05).

Yepes 7 #id y gocnigin rpyni 1 nokasHmk COL-aktus-
HOCTi NEYiHKM NPOLOBXYBAB 3HWXYBATUCS, @ B JOCIAHNX
rpynax 2 i 3 — 3poctag. LLjogo AaHux, Bu3HaveHnx Ha 3
[00y eKCnepuMEHTY, Pi3HWLSA MOKa3HUKIB CTAaTUCTUYHO
He 3HavyLwa (p > 0,05). Kpim Toro, Ui napameTpm cyTTeBO
MeHLLI 3@ KOHTpOnbHi (p < 0,05). MNMopiBHAHHSA AocnigHMX
rpyn 3a nokasHukamu CO[-akTMBHOCTI NeviHku Yepes 7
[i6 eKcnepuMeHTy Aano 3Mory BCTAHOBUTU: HaWMEHLLUi
piBHi — y gocnigHux rpynax 1 i 3, HanbinbLui — y gocnig-
Hin rpyni 2 (Ha 34,5 % i 35,3 % BignosigHo, p < 0,05).
BigmiHHoCTI Mixk gocnigHuMu rpynamu 1 i 3 BUSIBUIUCH
CTaTUCTWYHO He BiporigHumu (p > 0,05).

KaTanasHa akTUBHICTb NeYiHKV Y KOHTPOIbHUX LLYyPiB
pi3HMX BikoBUX rpyn 3icTaBHa (p > 0,05). MNig Bniveom
KCT uel nokasHWK y rpynax LLypiB pi3HUX BIKOBUX rpyn
MOPIBHSIHO 3 KOHTponeM yepe3 3 fobu CTaTuCTUYHO Bi-
porigHo 3MeHLyBaBcs: y focnigHiv rpyni 1 — Ha 40,3 %
(p < 0,05), y gocnigHin rpyni 2 — Ha 48,7 % (p < 0,05),
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y pocnignin rpyni 3 —Ha 71,3 % (p < 0,05). Y gocnigHin
rpyni 3 MOKa3HMK iCTOTHO MEHLUMIA, HiXK B iHLLIMX AOCTIOHNX
rpynax (Ha 55,6 % Ta 45,6 % signosigHo, p < 0,05).

Yepes 7 Oib nocTTpaBMaTMYHOrO Nepiogdy katanasHa
aKTVBHICTb NEYiHK1 NPOJOBXyBana 3Hvkysatucs. MNopis-
HSIHO 3 JaHUMW, LLIO BCTAHOBMEHI Ha 3 AoBy, Liel NoKa3HUK
CTaTMCTMYHO BipOriAHO MEHLLWIA Y AoCTigHMX rpynax 1i2
(Ha 34,7 % T1a 27,3 % BignosigHo, p < 0,05). Y gocniaHin
rpyni 3 KatanasHa aKTUBHICTb MeYiHKM 3anuwmnacs Ha
piBHi 3 0obu, Gyna MEeHLLOK 3a MOKa3HWKV TBapWH i3
pocnighux rpyn 11 2 (Ha 35,7 % T1a 29,4 % BignosigHo,
p <0,05). MopiBHSAHO 3 KOHTPOILHOK FPYMOKO Y AOCHIAHIN
rpyni 1 nokasHuk MeHwwmii Ha 61,0 % (p < 0,05), y go-
CNigHin rpyni 2 — Ha 62,7 % (p < 0,05), y gocnigHin rpyni
3-Ha 72,8 % (p <0,05).

[T1-aKTMBHICTb NEYiHKW y KOHTPOMBHUX rpynax Lypis
Pi3HMX BIKOBMX Fpyn TakoX CTATUCTUYHO BIpOrigHO He
BigpisHsanaca (p > 0,05). Y Bcix gocnigHux rpynax nig
BrnvBom KCT nopiBHSIHO 3 KOHTponem yepe3 3 fobu
€KCMEPUMEHTY BUSIBUNW CTAaTUCTUYHO 3HAYYLLIE 3HKEHHS]
[M-akTnBHOCTI NeviHkn (Ha 56,6 %, 33,1 % Ta 44,2 %
BiZNOBIAHO, p < 0,05). Y LbOMY TepMiHi CNoCTEPEKEHHS!
3acpikcyBanu BiporiaHy Pi3HULIO 3a LM MOKaHU3KOM MiX
gocnigHoto rpynoto 1 i gocnighimu rpynamm 2 i 3 (Ha
29,5 % i 19,6 % BignosigHo, p < 0,05).

Yepes 7 gi6 y pocnigHin rpyni 1 BenuyuHa Ml-ak-
TUBHOCTI MOPIBHSAHO 3 MonepeHiM TepMiHOM cnocTepe-
XXEHHS CTaTUCTUYHO BiporiaHO 3binbwunacs (Ha 31,7 %,
p <0,05). Y gocnigHux rpynax 2 i 3 e nokasHuk npogo-
BXVB 3MEHLLYBaTUCS NOPIBHSHO 3 JaHNMW, LU0 ofeparnu
Ha 3 noby cnoctepexerHs (Ha 23,9 % Ta 29,6 % Bigno-
BiZHO, p < 0,05). BHacnigok Lboro y focnigHmx rpynax 2
i 3 nokasHuk [T-aKTUBHOCTI BUSIBUBCS! iICTOTHO MEHLLINM,
Hi>X y gocnigHin rpyni 1 (Ha 18,0 % 1a 33,5 % Biano.igHo,
p <0,05), ay gocnigHin rpyni 3 NOpiBHAHO 3 AOCAIAHOO
rpynoto 2 (Ha 18,9 %, p < 0,05).

["P-aKTMBHICTb NEYiHKM Y KOHTPOIBHUX rpynax LLypis
Pi3HUX BIKOBMX YN BUSBWIACA CTAaTUCTUYHO BIPOTiAHO
6inbLuoto y rpyni 3 nopiBHAHO 3 rpynamm 12 (Ha 13,4 i
11,3 % Bignos.igHo, p < 0,05). BigMiHHOCTi Mi> KOHTPOmNb-
HUMK rpynamn 1 i 2 6ynu CTaTUCTUYHO He 3HaYyLLyMU
(p>0,05). Mig Bnnmeom KCT yepes 3 1obu ekcneprmeHTy
[P-aKTUBHICTb NeYiHK MOPIBHAHO 3 KOHTPOMEM CyTTEBO
3HKyBanacs: y gocnigHiv rpyni 1—Ha 38,7 % (p <0,05), y
pocnigHin rpyni 2—Ha 35,0 % (p < 0,05), y gocniaHiv rpyni
3-Ha 56,3 % (p < 0,05). 3a umx ymoB y gocnigHin rpyni
3 NOKa3HWK BUSIBUBCS iCTOTHO MEHLLIUM, HiX Y AOCTIAHIN
rpyni 2 (Ha 23,6 %, p < 0,05).

Yepes 7 fib y Bcix gocnigHMx rpynax nokasHuK nopis-
HSHO 3 nornepeaHiM TEPMIHOM CMOCTEPEXEHHS CYTTEBO
He 3miHuBes (p > 0,05), ane 3anuWMBCS CTATUCTUYHO
BipOriHO MEHLLUMM MOPIBHSHO 3 KOHTPONEM: Y AOCHIAHIN
rpyni 1 — Ha 48,2 % (p < 0,05), y focnigHiv rpyni 2 — Ha
40,6 % (p < 0,05), y pocnigHinn rpyni 3 — Ha 54,0 %
(p <0,05). 3ayBaxumo, LLO y AOCAIAHIN rpyni 2 BENUYMHA
["P-akTnBHOCTI NeviHku Ha 16,6 % GinbLua, HiXk y JOCTiAHIN
rpyni 1, pisHuLs cTaTucTuyHo gocTosipHa (p < 0,05).

Bussunu, wo Bmict Bl y neviHui y KOHTPOMbHMX
rpynax 1 i 2 ictoTHo He BiapisHsBcs (p > 0,05), ane ne-
peBYILLYBaB MOKa3HWK KOHTPOMNbLHOI rpynn 3 (Ha 25,4 % Ta
13,2 % BignogigHo, p < 0,05). Mig Bnnmeom KCT yepes 3
£06u BMicT BI™ y neviHLji NOPIBHSHO 3 KOHTPOIEM CyTTEBO
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3HWXKyBaBCH: y focnigHiv rpyni 1 —Ha 32,1 % (p < 0,05),
y focnigHiv rpyni 2 — Ha 42,4 % (p < 0,05), y gocnigHin
rpyni 3 —Ha 48,9 % (p < 0,05). 3i 36inbLueHHAM Biky TBa-
pWH BMICT Bl y neviHuj B LibOMY TEPMiHi CMOCTEPEXEHHS
CTaBaB iCTOTHO MEHLUWM: y JOCTIAHINA rpyni 2 —Ha 23,5 %
nopiBHSHO 3 focnigHoto rpynoto 1 (p < 0,05), y gocnigHin
rpyni 3 — Ha 39,9 % Ta 21,5 % BigNOBIAHO NOPIBHSAHO 3
gocnigHumm rpynamm 2§ 3 (p < 0,05).

Yepes 7 Oib ekcneprmeHTy y gocnigHux rpynax 12
BMICT Bl y neviHLi npodoBXyBaB CyTTEBO 3HWXKYBaTUCA
MOPIBHSHO 3 pesynbTatamu, Lo BCTaHOBWUM Ha 3 [oby
(Ha 34,2 % Ta 14,3 % BignosigHo, p < 0,05). Y gocniagHin
rpyni 3 e Noka3HUK 3anmLaBcs Ha nonepeaHbOMY PiBHI
(p>0,05), npote GyB CTAaTUCTUYHO BIPOTiAHO MEHLIUM MO-
piBHSIHO 3 NapameTpamu gocnigHux rpyn 1i2 (Ha 19,0 %
1a 18,7 % BignosigHo, p < 0,05). Y Leit cTpok NopiBHAHO
3 KOHTponeM BMICT BI' 3anunwaBcs iCTOTHO MEHLIMM: y
focnigHin rpyni 1 — Ha 55,3 % (p < 0,05), y gocnigHii
rpyni 2 — Ha 50,7 % (p < 0,05), y focniaHiv rpyni 3 — Ha
54,6 % (p < 0,05).

AHani3 AuHaMiky cepeHbOro BiHOLLEHHS iHaMBIAY-
anbHux BenuumH COL-akTMBHOCTI NeYiHK1 40 cepeaHbol
BEMWYMHU KOHTPONbHOI rpynu nig nnvsom KCT nokasas,
LLO Fpyny LLypiB pi3HoOro Biky yepes 3 i 7 gib noctTpas-
MaTW4HOro Mepiogy BIPOriAHO He BIAPI3HANUCS 3a UM
nokasHukom (p > 0,05) (mabr. 2). He BUSIBNEHO iCTOTHKX
BiAMIHHOCTEN MK pesynbratamu, Lo 3adikcoBaHi Ha 3 i
7 noby cnoctepexeHnHs (p > 0,05).

Cepe[He BiAHOLLEHHS! iHAMBIAYaNbHNX BENWUYMH KaTa-
Na3HOI aKTMBHOCTI MEYIHKM 4O CepeaHbOl BENIMYMHMU, LLO
BK3HAYeHa B KOHTPOMbHIN rpyni, Nig BNIVBOM TpaBMK 3i
36iNbLLUEHHSAM BiKy LLypIB CTaBano CTaTUCTUYHO BiporigHO
MeHLUMM. Tak, Yepes 3 406K y AOCTIAHIN rpyni 3 NOKa3HUK
y 2,07 pa3a MmeHWwuI, Hix y gocnigriv rpyni 1 (p < 0,05);
yepes 7 pi6 — Ha 44,4 % (p < 0,05). Y pocnigii rpyni 1
yepes 7 [ib NokasHMK CTaTUCTUYHO BipOriAHO MEHLLNA,
Hix Yepe3 3 nobu ekcnepumeHTy (Ha 35,0 %, p < 0,05).

CepenHe BiOHOLWEHHS iHAMBIAYaNbHUX BENUYUH
[T1-akTMBHOCTI NeYiHKN A0 CepeaHbOi BENIMYMHU KOH-
TPONbHOI rpynu nig BNIYBOM TpaBMu Yepe3 3 [o6m
BUSIBUNOCS iCTOTHO BinblumMM y JocnigHux rpynax 2 i 3
MOPIBHSIHO 3 MOKa3HWKOM A0CHiAHOI rpynm 1 (Ha 48,8 % Ta
30,2 % BignosigHo, p < 0,05). Yepes 7 fib 3acdikcoBaHO
iHLWi faHi: y aocnigHin rpyni 3 Ler nokasHuK cTas cTaTuc-
TWYHO BIPOTiAHO MEHLLIMM, HiX Y AOCTIiAHWX rpynax 2i 3 (Ha
31,6 % 1a 23,5 % BignosigHo, p < 0,05). 3ayBaxumo, LWo
yepes 7 Aib ekcrnepuMeHTy y AocniaHii rpyni 1 nokasHuk
iCTOTHO 3piC MOPIBHAHO 3 f@HNMM, LLO BCTAHOBUIMW Ha 3
[o6y (Ha 32,6 %, p < 0,05), a B gocnigHmx rpynax 2 i 3
3meHLumBes (Ha 23,9 % Ta 30,4 % BignosigHo, p < 0,05).

CepenHe BiJHOLWEHHS iHAMBIAYaNbHUX BENUYMH
[P-akTMBHOCTI NeYiHKM 00 CEepPeaHbOl BEMYMHU KOH-
TPOMBHOI rpynK Mif BNAMBOM TpaBMu Yepe3 3 [obu y
A0CnigHIN rpyni 3 iCTOTHO MEHLLIE, HXX Y A0CRIAHUX rpynax
1i2 (Ha 26,2 Ta 30,8 % BignosigHo, p < 0,05). Yepes
7 pib ekcnepuMEHTY B AOCTIAHINA rpyni 2 BCTAHOBWIN
iCTOTHO BinbLUMIA MOKa3HWK, HiX y gocnigHux rpynax 1i3
(Ha 13,5 % T1a 28,3 % BianosigHo, p < 0,05). Yepes 7 Oi6
eKcrnepuMeHTY B AOCRIAHIN rpyni 1 Lier NOKa3HUK iCTOTHO
HUKUMIA, HiX Yepes 3 nobu (Ha 14,8 %, p < 0,05).

CepenHe BiHOLWEHHS iHAMBIAYaNbHUX BENUYMH
BMicTy Bl y neyiHui 4o cepeaHbOi BENMYUHM KOHTPOMBHOI
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OpwuriHaAbHiI AOCAIAXKEHHS

Tabauus 1. MNokasHWKy EH3MMHOI Ta rnyTaTiIOHOBOI NaHOK aHTMOKCUAAHTHOTO 3aXUCTy
yepes 3 i 7 ni6 nicns HaHecerHst KCT vy wypis pisHoro Biky, Me (LQ; UQ)

Moka3Huk,
oAuHMLI

BUMipHOBaHHSA

CO[-aKTuBHICTb,
ym. oa./mr’

3 poba

7 noba

KaranasHa
aKTUBHICTb,
MKKaT/Kr!

7 poba

[T1-aKTMBHICTb,
MMonb/xB k!

3 poba

7 noba

['P-aKTUBHICTb,
MMOnb/XB /K"

3 poba

7 noba

BigHoBneHwi
rnyTaTioH,
MMonb/r!

7 noba

Ipyna

KoHTponb

KoHTponb

3 poba

KoHTponb

KoHTponb

KoHTponb

3 noba

TepmiH nicns TpaBMn

(0,165; 0,215)*
1,978

(1,836; 2,071)
1,180

(1,090; 1,262)*
0,771

(0,691; 0,806)
0,924

(0,878; 0,973)
0,401

(0,381; 0,424)*
0,528

(0,498; 0,560)
0,687
(0,645;0,722)
0,421

(0,378; 0,483)"
0,356

(0,319; 0,373)*
1,047

(0,994; 1,102)
0,711

(0,632; 0,738)*
0,468

(0,429; 0,487)

(0,223; 0,262)*"
1,877

(1,738; 1,972)
0,963

(0,914; 1,026)*
0,700

(0,678; 0,894)*
0,851

(0,796; 0,891)
0,569

(0,527; 0,603)*"
0,433

(0,409; 0,467
0,699

(0,657; 0,728)
0,454

(0,410; 0,500)*
0415

(0,383; 0,477)%
0,945

(0,895; 0,998)
0,544

(0,509; 0,572)*1
0,466

(0,425: 0,491)*

TBapuH Ipyna 1 Ipyna 2 Ipyna 3
CrarteBoHe3pini | CtareBo3pini Crapi
0,259 0,330 0,244
(0,241; 0,275) (0,313; 0,358)" (0,214; 0,259)?
0,200 0,220 0,150
(0,170; 0,210)* (0,184; 0,236)* (0,141; 0,170)*2
0,171 0,230 0,170

(0,149; 0,194)*2
1,825

(1,731; 1,928)
0,524

(0,418; 0,550)*12
0,496

(0,451; 0,566)*'
0,894

(0,844; 0,940)
0,499

(0,468; 0,523)"
0,351

(0,312; 0,389)'
0,778

(0,743; 0,842)'2
0,347

(0,326; 0,374)*2
0,358

(0,331; 0,400)*
0,835

(0,790; 0,878)'2
0,427

(0,397; 0,447)*12
0,379

(0,352; 0,396)*12

® %N 2

BiAMIHHOCTI Wwogo rpynu 1 ctatucTuyHo BiporigHi (p < 0,05);
BiMIHHOCTI LLOAO rpynu 2 cTaTucTuyHo BiporigHi (p < 0,05);
BiZIMIHHOCTI LLLO10 KOHTPOMNbBHOI FPYNK CTAaTUCTUYHO BiporiaHi (p < 0,05);
: BiZMIHHOCTI LLIOA0 MOKa3HWKiB, BCTaHOBNEHNX Ha 3 foby, cTatnctnyHo BiporigHi (p < 0,05).

Tabauus 2. BennunHa cepefHbOro BiJHOLIEHHS! iHAMBIAYanbHUX BEMUYMH NOKa3HWKIB
€H3MMHOI Ta rNyTaTiOHOBOI NMaHOK aHTUOKCUMAAHTHOrO 3aXMCTY [0 CepeaHbOi

BENWYMHU KOHTponbHOI rpynu nig Bnnmeom KCT yepes 3 i 7 Ai6 nocTTpaBMaTu4HoOro
nepiogy y wwypis pisHoro Biky, Me (LQ; UQ)

Moka3HuK, oAMHUL
BUMIpIOBaHHS

CO[-aKTuBHICTb

KaTtanasHa akTuBHICTb

[T1-aKTWBHICTb

[P-akT1BHICTb

BigHoBneHwii rmyTartioH

TBapWH

lpyna

Mpyna 1
Ipyna 2
Mpyna 3
Ipyna 1
Mpyna 2
Mpyna 3

Mpyna 1
Ipyna 2
Ipyna 3

Ipyna 1
Mpyna 2
Mpyna 3

Mpyna 1
Ipyna 2
Mpyna 3

0,77 (0,65; 0,81)
0,67 (0,56; 0,71)
0,63 (0,59; 0,71)
0,60 (0,55; 0,64)
0,49 (0,46; 0,52)"

0,29
(0,23; 0,30)"

0,43 (0,41; 0,46)
0,67 (0,62; 0,71)'

0,56
(0,52; 0,59)'

0,61 (0,55; 0,70)
0,65 (0,59; 0,71)

045
(042; 0,482

0,68 (0,60; 0,70)
0,58 (0,54; 0,61)

0,51
(0,48; 0,53)'

0,66 (0,63; 0,83)
0,70 (0,68; 0,79)
0,71(0,62; 0,81)
0,39 (0,35; 0,41)*
0,37 (0,36; 0,48)

0,27
(0,25 0,31)'

0,57 (0,54; 0,61)"
0,51 (0,48; 0,55)*

0,39
(0,35; 0,43y

0,52 (0,46; 0,54)
0,59 (0,55; 0,68)'

0,46
(0,43; 0,51y

0,45 (0,41; 0,46)*
0,49 (0,45; 0,52)*

0,45
(0,42; 0,47)

': BiAMIHHOCTI WoAo rpynu 1 cTaTucTyHO BiporiaHi (p < 0,05);
2: BiGMIHHOCTI LOAO rpynu 2 cTaTUCTUYHO BiporiaHi (p < 0,05);
*: BiAMIHHOCTI LLOZ0 NOKa3HMKIB, BCTAaHOBMNEHUX Ha 3 foby, cTatucTuyHo BiporigHi (p < 0,05).
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rpynw nig BnnvBoM TpaBmMu Yepes 3 406K ekcrnepuMeHTy
CTaTVUCTMYHO BIPOTiAHO MEHLLIE Y OCTiAHIV rpyni 3 mopis-
HSIHO 3 NapameTpamu gocnigHux rpyn 12 (Ha 25,0 %
Ta 12,1 % BignosigHo, p < 0,05). Yepes 7 ni6 y BCix
JOCTIAHMX rpynax BU3HAYMMM ICTOTHE 3HUKEHHS LibOro
napametpa: y gocnigHiv rpyni 1 — Ha 33,8 % (p < 0,05),
y gocnigHiv rpyni 2 — Ha 15,5 % (p < 0,05), y gocnigHin
rpyni 3 —Ha 11,8 %, p < 0,05).

06roBopeHHA

EH3uMHa Ta rnyTaTioHOBa NaHKW aHTUOKCUAAHTHOO
3aXUCTY € KIHOYOBUMM y HEUTpanisauii akTMBHUX hopm
OKCUreHy, BiNbHWX paavKanis i rigporeH nepokcugy.

lMpoaHanisyBanu nokasHWUKN aHTUOKCMAAHTHOIO 3a-
XUCTY MEYiHKM KOHTPOMbHUX LLYPIB Pi3HMX BIKOBUX rpyn,
BUSIBUMNW, LLIO KaTarnasHa akTUBHICTb i [T1-akTMBHiCTb TBa-
puH 3icTaBHa. Pazom i3 Tum, CO[-, IP-akTuBHICTb i BMICT
BI" y neyiHui WwypiB pisHMX BIKOBWX rpyn BiOPI3HANUCS.
Bcranosunu, wo COM-akTUBHICTb i BMICT BI™ HanHmkui y
CTapwx Wwypis, ane [P-akTMBHICTb y HUX iCTOTHO GinbLua.
3a 'P-akTuBHicTI0 i BMicToM BI” rpynu ctaTeBoHe3pinmnx
i CTaTeBO3PINMX LLYPIB iCTOTHO He BigpisHanucs. OTxe,
y CTapux LLypiB 3adikcoBaHa HWX4a 3AaTHICTb 4O YTU-
nisavii akTMBHWX hOPM OKCUTEHY, BiflbHUX pagukanis Ta
©HAOTOKCUHIB.

HaHecerHs KCT wwypam piaHuX BiKOBUX rpyn Cripuyn-
HSNO iICTOTHE 3HWKEHHSI NMOKAa3HWKIB aHTUOKCUAAHTHOrO
3aXUCTY MeviHkn Yepe3 3 i 7 4i6 nocTTpaBMaTUYHOrO
nepiogy. BpaxoBytouu, L0 neviHKa — Lie opraH, sikuii Big-
JaneHun Bi micus 6e3nocepeHbOro HAHECEHHS TPaBMMK,
MO3Ha npunycTuTH, Lo moaensosaHa KCT cynpoBomxky-
€TbCS BUPAXXEHNM CUCTEMHUM NPOOKCUAAHTHIM BMIVBOM
Ha opraHism niggocnigHux wypis. Lii Aani nigTBepmpxyoTh
pe3ynsTaTv AOCHiMKEHb iHLWLIMX aBTopiB [8].

CryniHb 3HxeHHs CO-akTUBHOCTI NEYiHKM B AWHA-
mili KCT nponopuiiHnii oo ii BUXigHoro piBHs1. MokasHuk
[locsiraB MakCMMarbHOro 3HMXXEHHs Yepe3 3 obu ekcne-
PUMEHTY i 3anuLLaBCcs Ha TakoMy CamoMy piBHi 4o 7 fobw,
y CTapuX LLypiB iCTOTHO MEHLUMWI, HiX Y CTaTEBO3PINMX.
OTxe, B natorexesi cuctemHoro srnvsy KCT Ha opraHiam
BaXNWBY POrb Bifjirpae NOCUNEHHS YTBOPEHHS aKTUBHUX
dopm okcureHy, ockinbkn COL — Kknto4oBuiA hepMeHT
HeilTpanisauii cynepokcnaarionpaavkany. Moro yTeo-
PEHHS B NeYiHui, O4eBUOHO, 3yMOBIIEHE, MOPYLLEHHSM
NPOLECIB MIKPOLIMPKYTSALLi Ta PO3BUTKOM FNOKCii, NPO LU0
NOeTbcs B iHWMX JocnimkeHHsX, ae mogentoanu KCT
i gocnigxyBanu i CMCTeMHI NposiBK, BU3HAYanu CTaH
QHTVOKCUAAHTHOI cucTemm nevinkm [12,13].

[onaTkoBuM NigTBEPIKEHHAM MOCUNEHOTO YTBOPEH-
HS aKTMBHUX POPM OKCUreHy B neviHui BHacnigok KCT
€ JMHaMmika kaTanasHoi akTMBHOCTI. PiBHi kaTanasHoi
aKTUBHOCTI y CTaTeBO3PINMX i CTaTEBOHE3PINUX LLYpIB
MOCTYNOBO 3HWXYBanNMcs Bif 3 4o 7 406W eKCriepuMeHTy,
a B cTapux LLypiB yxe 4yepe3 3 fobu Jocsras MiHiMymy,
3anuwanucs Ha Lbomy piBHi 4o 7 gobw. Y uii rpyni B yci
TEPMiHM CMOCTEPEKEHHS abCOMOTHA BEMMUYMHA aKTUB-
HOCTi (PEPMEHTY iCTOTHO MEHLLIA, HiX B iHLUMX AOCIIAHUX
rpynax, a 3HKEHHS! CyTTEBILLE.

Bigomo, Wwo cuctema rnytatioHy 6epe akTUBHY
y4acTb Yy 3aXMCTi KMITUH Bif OKCUAATUBHOIO NOLLKOMKEH-
He. Bl 3B’A3ye BinbHi pagvkanu, BigHOBIIOE NEPOKCHL
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rigporeHy Ta iHLWi nepokevay, Wo BiabyBaeTbCsA Npu oa-
HovacHomy Brinwmsi 1. Micns mogentoBanHs KCT vepes 3
[06u ekcnepumeHTy [T1-aKkTUBHICTb NEYiHKW ICTOTHO 3HK-
)yBarnacsi NOpiBHSHO 3 KOHTPONEM, | B CTAaTEBOHE3PINMUX
LLpIB CTYNiHb 3HWXEHHS! iCTOTHO BULMIA. OgHak Hagani
(yepes 7 pib) IM-akTMBHICTb MEYiHKM CTaTEBOHE3PINMX
LLypiB 3pOCTana, a B CTaTeBO3pifinX i cTapux LLypiB 3HU-
xyBanacs.. CTyniHb 3MEHLLEHHS aKTUBHOCTI (hepMeHTa
iCTOTHO BWLLMIA y CTapux LuypiB. 3a uux yMoB y nigao-
CiOHVIX LLYPIB BCTAHOBMIW NOCTYMOBE 3HVMKEHHS Bif 3 A0
7 nobw ekcnepumeHTy BMIcTy Bl y neviHui. Binomo, wo
BI"— ocHoBHwiA cybeTpar, o nig Bnnveom 1 3abeanevye
rnyTaTioH3anexHi aHTMOKeMAaHTHi dhyHKUii. PiBeHb Bl i
0ro CTYMiHb 3HVDKEHHS Y MeYiHUi iCTOTHO BWLLi Y rpyni
CTapux LypiB. AKTVBHe 3anyyeHHs Bl ans 3abe3neveHHs
pefoKc-CTaTycy KMiTUH CBIZYUTb NPO MOro BaXKNMBY POrb
ANs 3MEHLLEHHS! CUCTEMHOTO NPOOKCUAAHTHOTO BMIIMBY
KCT, ocobnu1Bo TpaBMOBaHWX CTapLUOi BikOBOI rpymu. Y
CTapuXx LLypiB, KPiM TOr0, BU3HAYEHO iCTOTHILLE 3HUKEHHS
'P-akTuBHOCTI. Ha ¢hoHi BUCOKOT aKTMBHOCTI (hepMEHTY
B KOHTPOIbHI rpyni Ler akT CBid4YUTb NPO CyTTEBE 3HU-
XXEHHS MOTeHLiany NeyiHky CTapyX LLypiB [0 BiGHOBINEHHS
OKMCHEHOTO IMyTaTioHy.

HaBepneHi pesynstaTv 404aTKOBO AOBOAATH, LUO Ha
¢hoHi KCT y cTapyix LLypiB BUHUKALOTb iCTOTHILLI MOPYLUEH-
HS1 @HTYOKCMAAHTHOTO 3aXMCTY MOPIBHSIHO 3 TBApUHAMU
iHLWKX BIKOBMX rpyn. HaiimeHW 3HauyLli NOpyLIEHHS
6inbLUIOCTI NOKA3HWKIB, LLIO BMBYANM, BCTAHOBIEHI Y cTaTe-
BO3PINuX LLYpiB, KpiM [T1-aKTMBHOCTI NEYiHKM (BiOXMNEHHS
MEHLL CYTTEBI Y CTAaTEBOHE3PINMX LLYyPIB).

Pesynbratu, Wo ogepxanu, BignoBsigalTb YMHHUM
YSIBMEHHSIM NMPO NPOLIECH, LLIO CYNPOBOMXKYHOTh CTapiHHS,
SIK-OT CMOBINbHEHHS MeTaboniamy, 3MiHu nepebiry disio-
TOTYHMX peaKLif | 3HMKEHHS 3arasibHOi PE3UCTEHTHOCTI.
€ faHi npo Binblue HaKonWYeHHs B OpraHiaMmi 3 BikoM
aKTVBHUX POPM OKCUrEHY, LLIO 3yMOBHOE OKCUAATUBWIA
CTPEC, 3HWKEHHS aKTUBHOCTI (DEPMEHTIB aHTUOKCUAAHT-
HOTO 3aXWCTY, MOCUNEHHS MPOLIECIB NiNiaHOI nepokcuaaLii
[14].

Otxe, 3 BikOM B OpraHiami ¢idionoriyHo NoCuUnoeTsb-
CSl HABAHTAXEHHS HA AHTWOKCUAAHTHY CUCTEMY, LLO €
BaXIMBUM 0O TSKyBaIbHUM YUHHUKOM Mg, Yac pO3BUTKY
MaTonoriYHyX MPOLIECIB, Y IKUX AOMiIHYIOTb MPOOKCUAAHTHI
mexaHismu, 3okpema Ha i KCT. MoxHa npunyctuty, Wwo
aKTMBI3aLis MPOOKCMAAHTHNX MEXaHI3MIB 32 YMOB TSHKKOT
TpaBMu € OOHUM i3 (hakTopiB, SKi 3yMOBIIOOTb YiTKY
3aneXHICTb MK BIKOM | piBHEM NeTanbHOCTI y NOCTPaXx-
fanux i3 nonitpaemoto. 3a aaHumu . M. CtenaHoBoi, Mix
BiKOM i piBHEM neTanbHOCTI BUSIBNEHA CUbHA NiHiHA
kopensuis (r = 0,987), makcumanbHa netanbHicTb 3adik-
coBaHa B YOroBikiB BikoM noHag, 61 pik [15].

Pesynbrat nigTBepmKyloTh AOLINBHICTE paHHLOrO
3aCTOCYBaHHS aHTMOKCUAAHTIB Yy KOMMMEKCHI NpoTu-
LIOKOBIN Tepanii, 0cobnmBo y NocTpaxaanux crapLuoi
BIKOBOI rpynu. 3QiMCHWUMM HA3KY AOCTIMKEHb, Mif Yac SKUX
[0BefieHO e)EKTUBHICTb aHTUOKCUMAAHTHOI Tepanii Ans
nocTpaxgarnux i3 Tshkoto Tpaemoto [15,16].

Pesynbtatit HaWwmUx JOCHIMKEHb TakoX NiATBEPAXY-
10Tb NPOBIAHY POMb AHTUOKCWUAAHTHO-NPOOKCHUAAHTHOT
CUCTEMM OpraHi3My B natoreHesi nokanbHX i 3aranbHuX
NOopYLUEHb, Lo BUHMKatOTb Mig Yac KCT. Li dhaktu noTpe-
OYt0Tb NPOJOBXKEHHS 1ETANIbHOTO BUBHEHHS].
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BucHoBKU

1. Y avHamiui (4epes 3 i 7 gib) nicns HaHeCeHHs
KCT y nignocnigHux LWypiB He3anexHo Big Biky NocTy-
MOBO 3HWKYETbCA aKTUBHICTb MOKA3HUKIB €H3UMHOI Ta
rNyTaTiOHOBOT FTAHOK aHTUOKCUAAHTHOTO 3aXMCTY NEYiHKA.
Lle BUSIBNSIOTL 3@ CTATUCTUYHO 3HAYYLLMM 3MEHLUEHHSIM
nopiBHSHO 3 koHTpornem CO[l- i kaTanasHoi akTWBHOCTI, a
Takox I'T1-, M'P-akTvsHoCTi Ta BMicTy BI. BuHsaTkoMm € cTa-
TEeBOHE3PINi LLypK, B skuX [T1-aKTUBHICTb NeviHku Jocsirae
MiHiMymy Yepe3 3 1obu, a Aani 3pocTae, He Jocsrayu
PIBHSI KOHTPOSHO.

2. 3a ymoB mogentoBaHHs KCT aHTMOKCMAaHTHA
3AaTHICTb MeYiHKN CTapyX LLYpPIiB 3a AMHAMIKOKO KaTanas-
Hoi, [T1- i FP-akT1BHOCTI neviHku Ta BMicToM Bl Hikya,
HDK y CTaTeBO3pinuX i cTaTeBoHe3pinumXx Lypis. Lie BusiBu-
VA 32 CYTTEBILLMM 3HUKEHHSM MOKa3HWKIB, LLO BUBYanM,
Y AVHAMILLi eKCepyMEHTY.

MepcneKTMBY NOAAALLUMX AOCAIAKEHD. [IOLLiNIbHO PO3-
LUMPUTMN CMIEKTP AOCHIDKEHb NPOOKCMAAHTHOMO BMIMBY
KCT Ha BHYTPILLHI OpraHm i 34iCHUTM CKPUHIHT 3acobiB
3 @HTUOKCWAHTHUMM BMACTUBOCTSIMU ANS BUSHAYEHHS!
TVX, L0 € NEePCNEKTUBHUMMI B KOMMEKCHIN IHTEHCUBHIW
Tepanii nopyLeHb aHTUOKcaaHTHoro 3axucty npu KCT
y CTapux Lwypis.
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Meta poboTu - akTyaniayBati BUBYEHHSI MOPOMNOriYHUX 3MiH GY[0BM Ta KPOBOMOCTa4YaHHs rinokamna 3a yMoB TpuBaroi
apTepianbHoi rinepTeHsii 3 aetanisauieto cTaHy KOrHiTMBHOI cdhepyt.

Marepianu i metoam. MoLuyk i BinGip HaykoBOI NiTepaTypy AN CUCTEMATUYHOTO OFNsiAY aBTOPU 3MiCHUM He3anexHo B 6asax
naHux PubMed, Scopus i Cochrane 3a krno4oBrMM crioBamu: apTepianbHa rinepTeHsist, KOrHiTuBHI yHKLIT, MopdodyHKLi-
OHanbHWIA CTaH Tinokamna — y NOBHUX TEKCTax CTaTel aHIMMINCbKO Ta YKpaiHCbKOK MOBaMM 3a pesynsratamy AoCHiMKEHb
3 piBHeM goka30BocTi I-ll.

Pesyastati. 34icHUNM cucTemMaTMyHUA OrMsiA CTaTen | HaykoBKX BuaaHb y 6asax gannx PubMed, Scopus i Cochrane. On-
pauoBany iHcopmaLiio wogo Bynosw rinokamna, 0cobnMBOCTE AOr0 KPOBOMOCTAYaHHS, (OYHKLIN, @ TAaKOX 3HAYEHHS Anst
hopMyBaHHS! KOTHITUBHUX (DYHKLLi MOAMHU B HOPMI Ta 3@ YMOB TPUBaroi apTepiarnbHOi rinepTeHaii.

BucHoBKU. 3a faHMMK Cy4acHUX HaykoBMX JOCMiMKeHb, rinokamn Bigirpae BaxnuBy porib B 00’'e4HaHHI curHanmis HaBKo-
JULUHBOTO CepefoBULLA Ta CTBOPEHHI LiiflICHOMO, EAUHOTO CMPUAHATTS B NPOCTOPOBIN i YacoBil NNoLMHax. EeKTUBHICTb ix
peanisauii 3anexuTb Bif KMITMHHOI CTanocTi Ta 38’A3KiB, ONTUMAnbHOTO KPOBOMOCTa4aHHS, CMiBBIAHOLEHHS HEipOMeaiaTopiB,
XapakTepy peLenTopHoro naxalwadTy. Y pesynsraTi ekcrnepuMeHTanbHUX OCHimKeHb i KNiHIYHUX cnocTepexeHb J0BeAeHO,
LU0 B rinokamni npy cchopMOBaHiii apTepiantHii rinepTeHsii Yepea KoOMMeHcaLito HaaMIPHOTO TUCKY Ta MiABULLEHOT nynbcaLlii
KPOBOTOKY AMsi 3aXMCTy MIKPOCYAUH Bifi MOLIKOMKEHHS BiAOYBAETHCS PEKOHCTPYKLIS Ta 3BYXKEHHS LiepebparnbHux aptepion,
3HKYETLCA BiogocTynHicTe NO.

MocuneHa Ba3OKOHCTPYKLIS CNPUYMHSIE Tinonepdysito Ta MOLKOMKEHHS HEMPOHIB, L0 HaNGINbLL BUPaxeHi y AinsHKax
CA1 i CA3 rinokamna Ta Bi3yanisyloTbCsi ik 3MEHLLEHa KinbKiCTb KMITWH, iX XaOTM4He Ta po3CisiHe po3TalllyBaHHS, nosiBa
LIMTONNa3MaTUyHNX BaKyoren, SAEPHOTO MiKHO3Y Ta HyKNeoniay.

Pathogenetic links between cognitive impairment in arterial hypertension
and anatomical and functional characteristics of hippocampal morphology
and blood supply (a literature review)

A. 0. Svitlytskyi, I. F. Bielenicheyv, O. V. Hancheva, T. A. Hrekova

Aim. To update the study on morphological changes in the hippocampal structure and blood supply in conditions of persistent
arterial hypertension with a focus on the cognitive sphere state.

Materials and methods. The authors independently searched and selected scientific literature for a systematic review in
the PubMed, Scopus, and Cochrane databases using the following keywords: “arterial hypertension”, “cognitive functions”,
“morphological and functional state of the hippocampus” in full-text articles in English and Ukrainian based on the study results

with a level of evidence I-lI.

Results. The authors have conducted a systematic review of articles and scientific publications in PubMed, Scopus and Cochrane
databases. The information of the hippocampal structure, blood supply, functions and importance for the generation of human
cognitive performance in health and in conditions of persistent arterial hypertension has been processed.

Conclusions. The current research results allow asserting that the hippocampus plays an important role in combining
environmental signals and creating an integral and unified perception in the spatial and temporal domains. The performance
efficiency depends on cellular signaling and stability, adequate blood supply, neurotransmitter balance, and the character of a
receptor landscape. Experimental studies and clinical observations show cerebral arteriole reconstruction and constriction as
well as decreased NO bioavailability in the hippocampus induced by chronic arterial hypertension to compensate for excessive
pressure and increased blood flow pulsatility and to protect microvessels from damage.

Increased vasoconstriction results in hypoperfusion and neuronal damage, which is most obvious in the hippocampal CA1
and CA3 areas and visualized as a reduced number of chaotically scattered cells with cytoplasmic vacuoles, nuclear pyknosis
and nucleolysis.

Pathologia. Volume 21. No. 2, May — August 2024



HuWHi BM3Ha4atoTb NporpecuBHe 30iNbLUEHHS KiNlbKOCTI
XBOPWX Ha apTepianbHy rinepteHasito (AlN). o 2025 poky
i B CBITi, i B YkpaiHi NporHo3ytoTb 36inbLUEHHS KiNbKOCTi
navuieHTiB i3 rinepToHi4Ho XxBopoboto B 1,5 pasa [1]. Mpo-
6nematuka Al" 3ymoBneHa TUM, LLO CTilike NigBULLEHHS
apTepianbHOro TUCKY MPU3BOAUTL [0 CYTTEBUX 3MiH Y
HU3Lj OpraHiB, i 30kpema B rorloBHOMY MO3Ky. Li nopyLueH-
Hs1 — naTonorii ApiGHNX NepthopaHTHNX apTepion Ta iHLLKNX
CYOVH, L0 YTBOPOKOTb MIKPOLIMPKYNATOPHE pycno [2].

HesanexHo Big CTyneHs BUPaXKEHOCTI, TSXKOCTI Ta
TpuBanocTi nepebiry Al" nauieHTy 3aBxay MakoTb CKapru
Ha MOPYLLEHHS Y KOMHITUBHIN cdhepi Big Nerkux amiH oo
TSXKKMX | HaBiTb HE3BOPOTHMX. KMiHIYHO Le BUABMSIOTbL
32 KOMMNEKCOM CUMNTOMIB, LLIO POPMYIOTb CYAMHHI KO-
HITVBHI po3naay, ki CynpOBOMKYIOTLCS MOPYLLEHHSAM i
KOPOTKOYACHOI, i LOBrOCTPOKOBOI NaM’sATi.

HaBepneHi chakTit 3yMOBMIOOTh AOLINBHICTb AeTanb-
HiLLOro BMBYEHHS Bya0BM rinokamna ik BaXIMBOrO MOp-
¢honoriyHoro cybeTpaty Ans opMyBaHHS KOTHITUBHUX
yHKUIN noanHU (30Kpema nam’siTi), B3aeMO3B’A3Ky
OKpEMMX NOro AiNsSHOK i3 BiQMNOBIAHUMU KOTHITUBHUMU
yHKLiSIMM, 0COBNMBOCTSIMU AOTO KPOBOMOCTaYaHHs [3].

BpaxoBytoun knto4oBy porib rinokamna B peanisavii
BULLIMX MO3KOBMX (DYHKLIIN, 3aMEXHICTb iX BUKOHAHHS Bif
MopOodYHKLIOHANbHMX 0COONMBOCTEN, eDEKTUBHOCTI
KPOBOMOCTa4YaHHs opraHa W HeWpoMeaiaTOpHWX BMu-
BiB, MOXXHa CTBEPMKyBaTW: KniHiyHa kapTuHa Al™ 3 6oky
NCUX0EeMOLINHOT cchepy peanisyeTbes Yepes KOMMIEKCHI
MOPYLLEHHS y CTPYKTYPI rinokamna Ta 3anexuTb Bif CTaHy
CYOVHHOI CUCTEMM.

HesBaxatoum Ha YMCrEeHHi ekcrnepyMeHTanbHi fo-
CNEKEHHSA Ta ONUCaHi KMiHiYHI CMOCTEPEXEHHS, LiificHa
KapTuHa LWOAO XapakTepy HeMpoTpodidHMX i Mopdo-
(hyHKLioHaNbHUX NepebyaoB y rinokamni npu Al NOBHICTIO
He cchopMoBaHa, 3anuLLaETbCs HU3Ka OCTaTOMHO He BUPI-
LUEHUX NnTaHb. Lle 0bmexye po3pobreHHs natoreHeTny-
HUX NigXOAIB A0 NPOMINaKTVIKY, MiKyBaHHS riNepTOHIYHOT
XBOpOoOM Ta ii ycknagHeHb.

Merta po6otu

AxTyanisyBaTit BUBYEHHSI MOPCHONOriYHUX 3MiH GynoBw
Ta KPOBOMOCTa4YaHHs rinokamna 3a yMoB TpyBasnoi apTe-
pianbHOi rinepTeHaii 3 aeTanisauieto CTaHy KOrHITUBHOI
cthepwm.

Marepianu i meToAU AOCAIAKEHHA

MoLwuyk i BinGip HaykoBOI NiTEpaTypU Ans CUCTEMATUYHOTO
ornsaay aBTOPU 3MIMCHUNM HE3anexHo B 6asax AaHuX
PubMed, Scopus i Cochrane 3a knto4oBVMM CrIOBaMW: ap-
TepiarnbHa rinepTeH3is, KOrHiTUBHI yHKLUiT, MOpchodyHK-
LiOHanbHUI CTaH rinokamna — y NoBHWX TEKCTax cTaTen
aHIMINCHKOI0 Ta YKPaiHCHKOK MOBaMM 3a pesyrkratamm
JocnifaxeHb 3 piBHEM 40Ka30BoCTi I-Ill.

PesynbTati

CyuacHi yaBAreHHA npo 6yaoBy rinokamna Ta 38’A30K i0ro
CTPYKTYP i3 KOTHITUBHUMUN OYHKLIAMM. Y (DyHKLIOHANBHO-
My acneKTi KOrHITUBHI oyHKLIT (THO3MC, Nam'ATb, iHTENeKT,
MOBa, Mpakcuc) peanisytTbCsl CKOOPAMHOBAHOK A€t

Maronoris. Tom 21, Ne 2(61), TpaBeHb — cepneHb 2024 p.

LiNoro KOMMMeKcy MO3KOBUX CTPYKTYP: i KOPOH MiBKyMb
KiHLIEBOrO MO3KY (MpedpOHTarnbHOI0, NEPBUHHOK MOTOP-
HOI0, CKPOHEBOIO, TIM'SIHOO Ta MOTUIIMYHOKO i YacTKamu),
i nigKipkoBUMK CTPYKTYpaMu, 30okpema niMBivHOo cyvc-
Temoto, BKrtovatoum rinokamn. Came rinokamn Bigirpae
BaXIMBY porib B 00’€AHaHHI CUrHanis HaBKOMMLUHLOTO
cepefoBULLIA Ta CTBOPEHHI LifiCHOrO, EANMHOTO CTIPUNHSAT-
TS B POCTOPOBI i YaCOBIN NoLMHaXx [4,5].

EdbekTnBHICTb peanisauii Ha3BaHuX (YHKLiA 3a-
NEeXWUTb Bif HU3KM hakTopiB, K-0T MOPAOMOriYHOT
(KniTMHHOI) CcTanocTi, eeKTMBHOCTI KPOBOMOCTaYaHHS,
CMiBBIOHOLLEHHS HEMpPOMEAiaTopiB i XapakTepy peLen-
TOPHOro NaHawagTy.

Y pesynbtarti 6aratb0x AOCHIDKEHb AOBEAEHO, WO
BracHe 3MiHu y rinokamni CTaTb KIKOHOBUMM B NaTo-
reHesi xBopob, SKi CynpoBOAXYIOTbCS KOTHITVBHUMU
MOPYLLEHHSMY, | KOXKHE 3 HWX MOB’si3aHe 3i BCTAHOBIIE-
HUMK DYHKLISIMU OKpeMUX CTPYKTYp rinokamna [6,7].
EkcnepumeHTasbHi 1 KniHivHi CnocTepesxeHHs nokasasnm
YiTKy CTPYKTYPO3anexHiCTb KOTHITUBHUX NOPYLUEHb.
BcTaHoBUNK, WO KOXHE YTBOPEHHS rinokamna Hece
BiONOBIOHE KOrHITUBHE HaBaHTaXeHHS, TOMY fOKasbHi
3MiHW B OKPEMMUX MOr0 KOMMOHEHTax abo KOMMMEKCHi
CTPYKTYpHi nepebynoBm cTatoTb NiarpyHTaM ans dop-
MYBaHHS CKMagHOro CUMMNTOMOKOMMIEKCY NpW XBOPOOi.

3a3HaunMmMo TakoX, Lo Ans (POpMyBaHHs MOBHOTO
YSIBNEHHS NpO (OYHKLOHANbHWIA CTaH rinokamna B HOpMi
Ta 3a NaTonoriYyHMX YMOB Mae 3HaYeHHs NeBHa Hevpo-
NNacTUYHICTb, L0 3yMOBMEHa 34aTHICTIO HelpanbHWX
cTOBOYpOBMX KNiTWH [0 TpaHcdopmauii B rpaHynspHi
(3epHucTi) kniTMHKM 3yByacToi 3BuBKHY. Lie noenu Guo-li
Ming, Hongjun Songy e y 2005 poui [8]. MosBy HoBOI
reHepauil rpaHynspHUX KMiTUH BU3HAYaloTb Y Pi3HUX
BIKOBMX Nepiogax, i iXHs KifbKiCTb He CTaTuU4Ha, a AuHa-
MiYHO peryntoeTbes 6aratbMa haktopamm — Bia isnyHoi
aKTMBHOCTI 0 0COGNMBOCTEW YMOB HABKOMULIHBOTO
cepegosuLa. Kpim Toro, nigTBepaKeHo B3aEMO3B' 130K
AVHaMIKV NOMynALii LMX KNITUH i OYHKUIOHANBbHUX MOX-
nmBocTew rinokamna [9).

Makpo-, mikpockoniuHa 6yaoBa rinokamna. 3a ci-
3i0MOriYHMX YMOB rinoKammn MakpocKoniyHo Mae opmy
Ay, nepegHs YacTuHa SKOi PO3LWMPEHa, ii Ha3nBaloTb
roniBKo; CepeaHs YaCcTUHa — «Tifo» rinokamna; 3agHs
yacTuHa — «XBOCTOBA», L0 NEPEXOANTL Y HiKKM cKre-
niHHS [8]. MikpockonivHO rinokamn NIAnHU CKNnagaeTbes
3 nonie CA1, CA2, CA3, Wwo BM3Ha4aloTb SK BriacHe
rinokamn, 3y64acToi 3BuBMHYM (nart. gyrus dentatus, GD)
Ta cybikymoma [9].

Y BRacHe rinokamni po3pi3HSA0Tb NPOKCUMAarnbHY
BEMWKOKIMITUHHY Ta ANUCTanbHY APIOHOKIITUHHY AiNSAHKM;
nons CA2 i CA3 ekBiBaneHTHi BENUKOKMITUHHIN AinaHLj,
a CA1 — ppibHOKMITUHHIN. OKpeMi aBTOpU BUPI3HAOTb
Takox AinsHky CA4, wo € npomixHoto Mix nonem CA3
i GD [10,11].

3ayBaxuMmo, LLO KOXHa CTPYKTypa rinokamna nos’s-
3aHa 3 BigNOBIGHOK (PYHKLEO:

—none CA1 HanexwvTb 4O BEHTPaNbHOrO rinokamna.
HeipoHwn Ui€i AinsiHKM MatoTb NO3UTVBHUIA 3BOPOTHWIA
3B’A30K MiJ Yac npoLecy HaB4aHHs Ta hOpMyBaHHS aco-
LiaTVBHOI Nam’siTi, BiAnoBigatoTb 3a 06po6Ky NPOCTOpOBOi
Ta HenpOCTOPOBOI iHGhOpMaLlii, KOHTEKCTHO 3anexXHNN
nowyk [12,13];
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Tabauusa 1. OyHKUiOHaNbHWIA B3AEMO3B'I30K OKPEMUX AiMSIHOK rinokamna
3 KOTHITUBHUMM MpoLiecamm

Crpyirypa

BnacHe rinokamn (Hippocampus proprius)

Mone CA1 — HaB4YaHHs Ta popMyBaHHs acouiatneHoi nam'aTi; [12,13]
rinokamna — OnpaLoBaHHS MPOCTOPOBOI Ta HEMPOCTOPOBOT
iHchopmalyji;
— KOHTEKCTHO 3aneXHMWii MOLLyK.
CA2 — colianbHa nam’sTb; [14]
— KOHTpOIb 3aranbHoi 30yAn1BOCTi rinokamna.
CA3 — NepeTBOPIOE 3aKOA0BaHI KOPTUKANbHI CUrHanm [15]
B pO3pifkeHi, TO6TO yTBOPIOE CneLmndiYHNi
rinokamnanbHUin kog, HeobxiaHui ans
dopmyBaHHs nam’aTi;
— LWBWAKe KOAyBaHHS nam'siTi.
CA4 — 3B'A3ye 3yb4acTy 3BMBMHY Ta rinokamn. [16]
CyOGiKynapHuIA KOMMNIEKC
YactuHa cybikyniom - [17]
npocy6ikyniom — BiANOBIJAE 3a NOBOPOTY rOMOBU. [18]
npecy6ikyniom — 3abesneuvye 38’530k Tanamycy Ta ybuactoi [19]

noctcybGikyrniom
napacy6ikyniom

3BUBUHM.
— CMpsIMOBYE rONOBY, pearye Ha HanpsMok ronosu.  [19]

— peakuis Ha pyxu B NeBHWX HanpsiMkax Ha nesHux [20]
BiCTaHsX.

EnTopuHanbHa kopa (Cortex entorhinalis)

— Hasiraujs;

— CNIPUIAHATTS Yacy,

— MEpEeXeBui LLeHTp nam’ai;

— 3B’A30K MiX riMOKaMnoM i HEOKOPTEKCOM;
— HaBYaHHs1, acoLliioBaHe 3 HIOXOM.

[21,22]

3y6u4acra 3BuBMHa (Gyrus dentanus)

— 06pobka BXigHWX 36YmKyBanbHUX CUTHANIB;
— HaBYaHHsl, NamM’'ATb Ta OPiEHTAL|isi B NPOCTOPi.

[23,24,25]

164

— none CA2 HanexuTb 40 AOP3asibHOrO rinokamna,
BiONoBigae 3a coujarnbHy Nam’saTb, KOHTPOMNb 3aranbHOI
36yanmeocTi rinokamna [14];

—none CA3, sk i none CA2, HanexuTb 40 Aop3anb-
HOrO rinokamna, cknagHa Mepexa sikoro 6epe yyactb y
KOyBaHHi MPOCTOPOBUX YSBMEHb Ta €Mi30ANYHNX Cro-
rafis, BiANOBiAae 3a WBMAKe kogyBaHHSA nam'aTi. LLUnsx,
AKUIA NPOXOAWTDL KpPi3b MOLLKCTI BOMOKHA, i€ Sk inbtp
BMCOKVX 4aCTOT, LLIO NepPETBOPIOE 3aK0A0BaHi KOPTUKAmbHI
CUTHanu B po3pifxeHi, TOBTO yTBOPHOE CrneundiyHui
rinokamnanbHU kof, HeobXiaHwi Ans opmyBaHHS
nam’sTi [15];

— popatkoBa ginsHka CA4, Wo npunsrae oo BopiT
3yG4acToi 3BMBWHW, CKNAZAETbCA 3 3EPHUCTUX KMITUH,
aKCOHU SKVX (MOLLMCTI BOMOKHA) MOB'A3y0Th 3ybyacTy
3BMBUHY Ta rinokamn (CA4/CA3) [16];

MaparinokamnansHa AinsHka (abo komnnekc)
CKIafaeTbCsl 3 HA3KM YTBOPEHb KOPUW FOMOBHOMO MO3KY,
npunernux 4o rinokamna: cybikyntoma, napacybikynioma,
npecybikynoma, 3y04acToi 3BUBMHU Ta EHTOPUHANBHOT
Kopu. ®yHKLiOHaNbHa 3HaYYLLiCTb NOMSrae y TOMY, LLO L
YTBOPEHHS BifirpatoTb BaXKIMBY POMb Y HIOXOBKX peakLyi-
sIX, 30KpEMa Y 3anaM’'siToByBaHHi 3anaxis, 3ab6e3nevyiotb
opieHTaLito y npocTopi, (hopMytoTb HOBI crioraam (eni3o-
OndYHa nam’aTb) (mabn. 1).

Y yHKuioHansHoMy Ta MOPAONOriYHOMY acnekTi
KOMMOHEHTU maparinokamnarnbHOro KOMMIeKcy MatoTb
HU3KY BiAMIHHOCTeW | XapaKTepuUCTuK.

Tak, cybikymtom (Big nat. subiculum — «nigcraBkay)
€ HWXKHBOK YacTWHOM rinokamna, Lo po3TalloBaHa
MiX eHTopuHanbHo kopoto | nonem CA1 BnacHe rino-
Kamna Ta BKMYae KOMMMeKC yTBOpeHb (CybikynspHui
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KOMMMEKC), SKUI CKnagaeTbes 3 Habopy CropigHEeHWX
CTPYKTYp: BnacHe cybikynioma, npocy6ikynioma, npecy-
Gikyntoma, noctcybikynoma Ta napacybikyntoma (puc. 1).
CybikyntoM cknafaeTbes 3 TPbOX LUAPIB: MOMEKYISPHOTO
(stratum moleculare), WwWo npeacTaBneHnii HenipamiZHUMM
HenpoHamu (HerpomegiaTopy raMma-amMiHOMacnsHoi
kucnotu (FAMK), comarocTatvH, napeansbymiH); nipamia-
Horo (stratum pyramidale), wo micTuTb nipamigHi (ALUX),
kowumkonopi6Hi (TAMK) HelpoHn Ta HelipoHW-kaHaens-
6pu (TAMK); mynstumopdHoro (stratum multiforme),
Lo CcKnafaeTbCs 3 HenipaMigHX HeypoHiB (Mediatopu
FAMK, comatocTatvH, napeanboymiH). AdepeHTn oo
HUX idyTb Bid KaydoMeaianbHOro napeiLentonspHoro
6a3anbHOro fApa, NapaBeHTPUKYMAPHUX a4ep i Saep
Tanamyca. BuxiaHi wnsxw sig knituH cybikynioma BegyTb
[0 Hempokoptekey [17].

Mpocy6ikyntom (nar. prosubiculum) — TepMiH, Lo Ya-
CTO BYKOPVCTOBYIOTB M} Yac OMMCy aHaToMii MaBn, 3piaka
— PU3YHIB, MOCUNAKYMCh Ha LiNSHKY, PO3TaLLOBaHy MiX
obnactio CA1 rinokamna Ta cybikymtomom. Llen komno-
HEHT naparinokamnanbHOr0 KOMMIEKCY BUPI3HAETHCA
GiNbLUOD LUINBHICTIO KNITUH | MeHLWMMI po3mipamu [18].

Mpecybikyniom (naT. presubiculum) oTpumye BCHO
iHpopMmaLito Big Tanamyca Ta 3abesnedye 3B'30K Bif
HbOro A0 3yB4acToi 3BuBMHU. Kpim Toro, Bizomo, Lo locus
coeruleus, HopagpeHepriyHe 84p0 B CTOBOYpi MO3KY,
nos'a3aHe 3 GD [19]. MNpecybikyntom Bkntodae 5 wapis
KNiTUH: MonekynspHwi (stratum moleculare), 30BHILLHIN
Ta BHYTPILLHIN ApibHonipamigHui, cityacTtuid (stratum
reticulare), nipamigHui (stratum pyramidale). pi6Honipa-
MiZHi Lapw cknagarTbCs 3 Manvx nipamigHUX HEMPOHIB,
LU0 Y 30BHILUHBOMY LLApi PO3TaLLOBaHI LLifbHILLe, HiX Y
BHYTPILLUHbOMY. 30BHILLHI | BHYTPILLHIN ApibHONipamia-
HWIA, ciTYyacTuii wapw, kpim nipamigHnx (ALUX), mictaTtb
3ipyacri Hetiporm (TAMK). FanbMiBHi iHTepHenpoHu (FAMK
i napBanbbyMmiH) po3TaLLOBYHOTLCS B MOBEPXHEBMX LLIApax
(BUsIBNEHI TiNbkK B AOpcarbHii YacTuHi npecybikyriomy).
30ymKyBanbHi iHTEPHENPOHU (KanpeTWHIH-NO3NTUBHI)
po3TalloBaHi B MYNETUPOPMHOMY Ta MOIEKYISIPHOMY
Lwapax. [Mpecy6ikyntom yTBOPHOE ABOCTOPOHHI CUHAMTWYHI
KOHTaKTK 3 cybiKyntoMoM, MonsiMK rinokamna, Moneky-
NSPHAM LWapom 3yB4acTol 3BMBMHU Ta EHTOPUHAIBHOIO
KOPOI0 (MepeBaxHO 30BHILLHIN ApibHOMIpamigHUIA Wwap).
AdbepeHTHi Wnsixm go npecybikyntomy ayTh Big fop-
canbHOi YaCTUHW MefianbHOi NpedpOoHTaNbLHOI Kopy,
JopcanbHuUx agep Tanamyca, sgep rinotanamyca.
EdepeHTHi Wnsaxv nepeBaxHO YTBOPIOKOTL 3B'A3KM 3
rpaHynsipHOK PeTpoCheHianbHOK KOpoK Ta sapaMu
Tanamyca [19].

MocTcybikyntom (nat. postsubiculum) — gopcanbHa
yacTuHa npecybikynoMa MICTUTb KNITUHK, WO CrpsiMO-
BYIOTb FOfIOBY Ta pearytTb Ha HanpsiMok ronosm [19].

Mapacy6ikyntom (nat. parasubiculum) MicTUTb Ki-
TWHW CITKM — HENPOHM, LLO pearytoTb Ha pyxvi B MEBHUX
HanpsiMKax Ha neBHUX BiacTaHsx. CknagaeTbes 3 Mo-
NeKynapHOro, NipamigHoro Ta MynsTMEOPMHOTO LLapiB.
MipamigHui, OCHOBHWI LAP, YTBOPEHUIA BENMKMU Mipa-
MiQHUMW HeipOHaMK, B HbOMY TaKOX pO3TaLLOBYKTLCS
KNiTUHKU-KaHAensaopy Ta KOLUMKONOAIOHI HeWpOHH, WO
YMHATb rasibMiBHUI BMMB Ha NipamiaHi HermpoHu. Mone-
KYMSPHWN | MynbTUMOPHUI LIApK CKMadaroTbes 3 ranb-
miBHUX (FTAMK) i 30yanmBumx (kanbpeTuHIH-NO3UTUBHIX)
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HenipamigHuX iHTepHelipoHiB. AdepeHTr B napacybiky-

oM ipyTb i3 rinokamna, cybikynoma, 3yb4acToi 3B1BMHM, 1A _ A carols infema
EHTOpVHArbLHOT KOpW, MUrAanuKie i Tanamyca. Nepenycim A cerebri media
BOHM YTBOPIOKOTb CUHAMNCK Ha HeVIpOHaX MOneKynapHoro A. cerebri anterior _ A choroidea anterior

Ta nipamigHoro wapis. EdepeHTHI BOMOKHa, YTBOPEHi
aKcoHamu nipamigHUX HEpOHiB, hOPMYOTb 3B'A3KM 3
rinokamnom, npecybikymtoMOM Ta EHTOPVHATMBHOK KOPOHD
(nepeBaxHo nipamigHi) [20].

EHTOpuHanbHa kopa (EK) — ginsHka anokoprekca
(allocortex) ronoBHOrO MO3Ky, LLIO po3TalloBaHa B Mefiarnb-
Hill YaCTUHI CKPOHEBOI YaCTKW, CKIaaeTbCs 3 nareparnb-
HOI Ta MedianbHOT YaCTUH, Y KOXKHIN i3 HUX PO3PI3HAOTH A. choroidea dorsomedials —
KNITUHHI Wwapw: monekynsapHui (stratum moleculare),
sipuacTun (stratum stellare), nipamigHuin (stratum
pyramidale), BenukokniTuHHUIA (stratum magnocellulare),
ApibHoKNiTMHHWIA (stratum parvocellulare), mynsTuMop-
¢hHui (stratum multiforme), — a Takox po3TUHAIbHI
npoLuapku (nart. substratum dissecans). ®yHkuiammn EK
€ Hasirauisi, CnpuiHATTS Yacy, kpim Toro, EK BukoHye
yHKuUii MepexeBoro LeHTpy nam'ati. EK — ocHoBHe 1B = '
COMyY€eHHs MiX rinokammnom i HeokopTekcoM. Crctema r ¥
EK — rinokamn Bigirpae BaxnuBy pornb y AeKnapaTuBHUX ¥ - ;
(aBTOGiOrpadiuHMX / ENi30ANMYHIX / CEMAHTUYHIX) Cro- g , S
rajax, a Takox MPOCTOPOBMX, BKITHOYAKOUM (POPMYBaHHS A
nam’siTi, il KoHconigauito Ta onTumisauito yBi cHi. EK Big- )
noBigae 3a nonepeaHto 06pobKy (3HaNOMCTBO) BXiAHWX - i i y F R i
curHanie y pecnekTopHiii BignoB.iai, y Hili BinbyBaeTbes
acouiauis iMnynbCiB BiA oka Ta Byxa [21]. Y megianbHin
E€HTOPUHAIbHIN KOpi BUSBMNEHI HEMPOHU «PEeLUiTKNY,
HEPOHU HaNPsIMKY OB Ta HEPOHU «KOPZOHY», L0
MPOEKTYIOTLCS HA HEVPOHY «MiCLisi» BracHe rinokamna Ta
BiZLirpatoTb BaXnBy porib y poboTi BHYTPILLHLOT MO3KOBOT
CHCTEMM NPOCTOPOBOI OpieHTaLi [22].

3y6uacra 3BuBwMHa (gyrus dentatus (GD), abo fascia
dentata hippocampi) — By3bka cMy>Ka Cipoi pe4oBWHM Ta
NpOoAOBXKeHHS gyrus fasciolaris y3noBX BepxHb0i MOBEPXHI
naparinokamnanbHoi 3sueui. Mopdponoriuro GD ckna- Puc. 1. AHatomisi Ta kpoBOMocTaYaHHs rinokamna Ta Moro YacTuH. A: BacKynspusauis rinokamna
Na€EThCA 3 TPLOX LLIAPIB — Bifl MOBEPXHEBOrO 710 IMUBOKOrO: (3a Jens Mowatt, 2020) [30]; B: opuriHanbHe 306paxeHHs 3pisy rinokamna Liypa, 3a6apeneHHs
MOMEKYNSPHIIA, MPOMiKHUIA 3EPHUCTUIA | MYTBTUCHIOPMHIIA rematokcuniHom Ta eosuHom. 36. x10.

(nonimopdHwiA). MoniMopdHUIA Wwap NPOAOBXYETLHCS
pinsHkoto CA4 (hilus) rinokamna. GD nepexoauTb y XBicT
3yByacToi 3BMBIMHM (CMyra [DKakoMiHi), KM NPOXOANTL
Hasag i MeqjianbHo Yepes uncus (rayok). GD Bigokpem-
NeHa Bif naparinokamnanbHOT 3BUBMHY FiNoKaMnanbHO0
60po3Hoto [23,24]. GD (pa3om 3 iHLLMMK BiAginamy MO3Ky)
3aryyeHa 40 BUKOHAHHS KinbKOX BULLMX QOYHKL HepBO-
BOI CUCTEMM, SK-OT HaBYaHHS, NaM’ATb Ta OpieHTaLis B
npoctopi. OCHOBHe (pyHKLIiOHanbHe HaBaHTaxeHHs GD

= A hippocampalis anterior
A. communicans posterior

A. cerebri posterior —.—.__

_.= A hippocampalis media

= A. choroidea dorsolateralis

A. hippocampalis posterior

~= Plexus choroideus

e

g

apTepii € rinkamu 3agHbOI MO3KOBOI apTepii (a. cerebri
posterior), Lo HanexuTb [0 cuctemu xpebToBoi apTepii
(a. vertebralis) [28,29]. Y koxHii i3 rinokamnanbHWx
apTepiil PO3PI3HSOTb BEPXHIO Ta HVXKHIO, @ BOHY, CBOEHD
Yeprow, NOAINATLCA Ha MeHLWi rinku [30].

LWono kpoBonocTayaHHs OKpemmux Monis rinokamna
3asHaunmo: CA1 3abe3nevyeTbCs HUXHBOI rinokam-

—nepBrHHa 06po6bKa BXiAHMX 30y IKyBarbHUX CUrHaNIB i3 naneHolo aprepieto, iHwi ainankn (CA2, CA3 i CAd)

HaCTYMHOIO Nepeayelo curHary 0 30HM CA3rinokamna ~ 'OCTa4alOTECs BEPXHBOHO TINOKAMMNATBHOK apTepieto
[25.26,27]. Ta Kinbkoma ApiGHAMM apTepisiMu. HTparinokamnasnbHi

KpoeonocTauanus rinokamna. Oco6nuey yeary miig aptepii .(rnm60|<i rinK.m) MO)KH.a Knacmqoikysam HK'Be.J'IVIKi
yac onucy ByaoBy rinokamna Tpeba npuainuTK fioro 1@ Mari BEHTpanbHi, Benuki Ta Mani qopcarnbHi rinki.
KPOBOMOCTAYaHHIO, afKke Liel OpraH XUBUTbCS Biapasy Benuki BeHTparnbHi iHTparinokamnasnbHi apTepii noctaya-
3 BOX apTepiarnbHIIX CUCTEM — COHHOI Ta MifKMiodMyHoi  1OTb NipamiaHmui, MonekynsipHuii wapu GD, CA1 Ta CA2
aprepilt. Mloro roniska oTpuMye apTepiansHy KpoB 3 nepe- nonis rinokamna. Benuki gopcaneHi iHTparinokamnanbHi
[AHLOI rinokamnanbHoi apTepii (a. hipocampalis anterior), ~ @pTepii MoCTa4aloTb 38PHUCTUIA LAP 3yG4aCTOI 3BUBUHN,
rinku arteria choroidea anterior, sika nounHaetscs Big ~ 06nacti CA3 i CA4 rinokamna. Mani BeHTpanbHi iHTpa-
a. cerebri media (3 ccTEMM BHYTPILLIHLOT COHHOT apTepii),  riNoKamnarbHi apTepii XWUBNATL NPOKCUMATbHY YaCTUHY
a Tino Ta XBiCT — 3 CepeaHbOI rinokamnanbHoi apTepii GD. Mani gopcanbHi iHTparinokamnanbsHi apTepii (Takox
(a. hippocampalis media) i cyamHHOI 3aaHBOGIYHOT apTepii BiJOMi SIK NpsiMi apTepii) BNagatoTb Y BOMOKHUCTO-3y04ac-
(a. choroidea posterolateralis) BignosigHo (puc. 1). Lli aBi Ty 6OPO3HY Ta X1BNATL NpUNerni AiNsaHkW (mabn. 2) [31].
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Tabauus 2. [linsHku rinokamna Ta ix kpoornoctayanHst [30,31,32,33]

CTpykTypa

BnacHe rinokamn

YactuHa ronieka
Tino
XBICT

Mons CA1
CA2
CA3
CA4

EHTOpMHanbHa kopa

3y6uacTta 3BUBUHA

KpoBonocTayaHHs

Cucrema BHYTPIilLHbLOT CucTema nigknovnyHoi apTepii
COHHoOI apTepii (a. cerebri posterior)

lMepenHs cyauHHa apTepist -

- MepepHs rinokamnanbHa apTepis,
3aHs rinokamnansHa apTepis

= 3apHs rinokamnanbHa apTepis

- HwxHs rinokamnanbHa apTepis
- BepxHs rinokamnanbHa aptepis
- BepxHs rinokamnanbHa aptepis
- BepxHs rinokamnanbHa aptepis

- MepepHs rinokamnanbHa apTepis

- lNepenHs rinokamnansHa apTepis

Taka cknagHa 1 GaraTOKOMMOHEHTa CUCTeMa Xu-
BMEHHS TiMOKaMna CBiAYMTb MPO AOr0 BaXnMBY Porb Y
XUTTEQIANBHOCTI MO3KY Ta OpraHiaMy 3aranom, a omxe 1
BUCOKY (PyHKLiOHAmNbHY | METabOoMiYHY aKTUBHICTb, 3HAUHY
3anexHicTb Bif CTaHy CyauH, XapakTepy KpoBonocTavaH-
HS Ta cknagy kposi [32,33].

MlaToreHeTUUHUI 3B’A30K KOTHITUBHUX MOpYLIEHb
npu AT 3i CTPYKTYPHUMU 3MiHAMK Y AiAIHKaX rinokamna.
Binomo, 110 Al — 0CHOBHWIA chakTop puaiky LiepebpoBacky-
NSAPHUX 3aXBOPHOBAHb, iHCYMBTY Ta CYAUHHUX KOTHITUBHUX
nopyLLleHb. BusiBUAKN CYTTEBILLE 3HWKEHHS KOTHITUBHUX
3ai6HOCTEN, BKMOYAKOYM LUBMALE MOTIPLUEHHS PyHKLT
nam’siTi, B 06CTEXEHMX MaLliEHTIB CepeaHbOro Biky 3 rinep-
TOHi€10 NOPIBHAHO 3 HOPMOTEH3WBHOHO rPYMO0 OAHOMITKIB.
OTxXe, XpOHiYHa TiNEPTOHIA MOXe BMIMBATW Ha AiMSHKA
MO3KY, LLIO 3aryyeHi A0 Ni3HaHHA Ta naM’sTi, 30Kpema Ha ri-
nokamn. BHacnifoK LibOro 3HXKYHTLCS KOTHITUBHI OyHKLi.

BTim y GinbLUoCTi AOCHIMKEeHb BYBYAOTb 3B'30K MiX
AT i 3araneHoto LiepebparnbHoto nepdysieto. 3Ha4HO MeH-
LUe BiOMO NpO perioHanbHi 3MiHK, 30Kpema npo BvB
BWCOKOrO apTepianbHOro TCKY Ha nepdyasito rinokamna
— KOTHITUBHO-LIEHTPUYHOI CTPYKTYpU MO3KY, 0coBnneo
YyTNMBOI 4O NATOMOMYHWX BMIMUBIB; ii ypaXeHHs Biady-
BAETLCA LLE Ha PaHHiX CTagisx NporpecyBaHHs XBopotu
ApibHMX cyounH [34], acouitoeTbCs 3 PO3BUTKOM BiKOBOI
HevipoaereHepaTBHOI NaTonorii.

HelpoHrw rinokamna xapakTepusyloTbCA BUCOKUMU
meTaboniyHumn notpebamu, Wo NoTpebyoTh YiTkO
perynboBaHOro MoCTavyaHHs FOKO3N Ta KUCHIO; Lie
06rpyHTOBYE KPUTWYHY 3HAYYLLICTb MICLLEBOTO Liepe-
GpanbHoro kposoToky. CyanHHa cuctema rinokamna
yepes CTPYKTYpHI Ta (pyHKLiOHaNbHI BigMIHHOCTI Big
CYAVHHOI CMCTEMM KOPU FONIOBHOMO MO3KY MOXE iHaKLle
pearyBaTh Ha XPOHIYHY FNEepPTEH3Ito, WO CNpUYNHSE
MOPJONOriYHi 3MiHM B CTiHLi aopTh y Gik 36inbLUEHHs i
XOPCTKOCTI i LUBMAKOCTI Nnepeaadi nynbCOBOi XBUAi B Mi-
KPOLIMPKYISALLiFO MO3KY 3 NOLUKOMKEHHSM eHaoTenito. LLio6
KOMMEHCYBaTV HaAMIPHUIA TUCK i NigBULLEHY NynbcaLito
KPOBOTOKY, LiepebparnbHi apTepiony pekoHCTPYIKTb i
3BYXYIOTbCS A5 3aXMCTY MIKPOCYAVH Bif MOLUKOIKEHHS.
lMocuneHa Ba3oKOHCTPYKLIS 3yMOBHOE rinonepdysito Ta
MOLUKOPKEHHS HEVPOHIB, i, SIKLLO Tak BinbyBaTUMeTbCA
B rinokamni, MoXe MopyLUyBaTUCA NamM’aTb i BUHMKATL
KOTHITUBHA AMCYHKLs [35].
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3ayBaxumo, Lo Takui BNnmB Al Ha rinokamnanbHi
apTepiony, WO MarTb BUpillanbHe 3HaYeHHs Ans nig-
TPUMKWM HEWPOHANbHOMO rOMeocTasy W afeKkBaTHOCTI
nepdoysii, 3nebinbLuoro He BinoMuiA. 3peLuToto, 3ryGHUiA
BMIMB XPOHIYHOI MNEPTEH3ii Ha KOTHITUBHI oyHKLi 3aranom
MOB’AA3YH0Tb 3i 3HKEHUM KDOBOTOKOM, ANCEYHKLIIEID Ta pe-
MoaentoBaHHAM apTepion rinokamna. Y Moaeni XpoHi4YHoi
rinepTensii Ha Lwypax niHii SHR nokasaHo 40 % 3HWXeHHs
rinokaMnanbHOro KPOBOTOKY BHACMIAOK apTepionsipHOi
rinepKoHCTPUKLIT Ta rinonepdysii, a Takox AOBEAEHO
30iNbLUEHHS XOPCTKOCTI Ta MIKPOCYAUHHY ANCHYHKLIO B
rinokamni pa3oM i3 NiABULLEHHAM XOPCTKOCTi aopTu [34].

lnonepgy3is BM3HaYeHa SK FONOBHWUIM MeXaHi3m
HeBponatonoriyHnx 3miH npu Al. Lle nigTBepaxeHo i
3a pesynbratamy KMiHIYHWUX SOCRIMKEHb, Mig Yac SKux
BUSIBMEHO 3B’A30K MNEPTOHii 3i 3HKEHUM KPOBOTOKOM
y rinokamni, BUMipsiHuM 3a gonomoroto MPT 3 mapky-
BaHHAM apTepianbHOro cnuHy. ToMy Ba3OKOHCTPUKLIS
apTepion y rinokamni Moxe GyTu NOTEHLiNHOW Tepane-
BTUYHOIO MiLLIEHHIO Anst )apMaKooriyHOro BiAHOBIIEHHS
rinokamnanbHoi nepdy3ii Ta 36epexeHHs yHKUji nam'aTi
npu Al [36]. Ha MonekynspHOMY piBHi 3MEHLLEHHS
KPOBOTOKY BMCHaXye 3anacu cybeTpaTiB (KUCHIO Ta
FTIHOKO3M), HeOOXIAHMX ANs NpoayKuii eHeprii B Mo3ky. [e-
npvBaLjieto eHeprii Yepes iLeMiyHy rinoKCito 3yMOBNEHWI
GioeHepreTUUHWMIA 36ilA, LLO iHILIKOE KackaZ NaTosorivyHNX
MOINEKYNSPHUX MO, CyKYMHAM HaCIigKoM SKUX € Mno-
LUKOPKEHHS Ta 3armbenb HEMPOHIB, LLO OnocepeaKoBaHi
Kiflbkoma MexaHiamamm (MopyLUEHHSs! iOHHOTO GanaHcy,
HaBpPSK KMiTUH, OKVCHIOBaMNbHWUI CTPEC, HEMpO3ananeHHs,
€KCaWTOTOKCUYHICTb, anonToa). [okasaHo CenekTMBHUI
HENpOHarbHUI HeKPO3 BCepeauHi iLLeMiYHOro sapa rino-
Kamna B nonynsuisx HepoHiB, 0COBNMBO BPa3nMBKX 40
iLleMi4HOTO MOLUKOMKEHHS | PO3TaLLOBaHWUX B AinsiHKax
CA1iCA3[37].

3paTHICTb rinokamna Ao CUHaNTUYHOT NNacTUYHOCTI
MPOTArOM YCLOTO XUTTS Bpaxatoda, ockinbki 3abeanedye
CTPYKTYPHY Ta (pyHKUiOHanbHy MoaudikaLito cuHancis,
LU0 NEeXWTb B OCHOBI XUTTEBO BaXIMBMX NPOLIECIB Mig-
TPVYMaHHsA HOpMarnbHOi aHaToMil Ta gisionorii ronoBHOMO
Mo3Ky. [inokamn € Takox iHTErpaTMBHUM KOMMOHEHTOM
3aMKHYTOrO HeypoHHoro kona [eineua ana nepegadi
iHcbopMaLji. 3MiHV CTPYKTYpU CUHANCIB | CTPYKTYpHa Ae3-
OpraHisavjisi CHanTUYHUX MEPEX rinokamna BUSBUINCS
Hacnigkamu KOpoTKOYaCHWX eni3oaiB rinokcii-rinornikemii,
K Nokasasnm ekcrnepuMeHTasbHi 4ocnigpkeHHs [38].

JocuTb BidoMMMM MexaHismamu Al-iHaykoBaHoOl
eHfoTenianbHOi AMcdyHKLUiT LepebpanbHux cyouH €
MiZBMLLIEHWIA OKVCHIOBaNbHWIA CTPEC i 3HMKeHa biogocTyn-
Hictb okeuay asoty (NO). CyauHHa cuctema rinokamna
He MeHLW YyHikanbHa wopo Bnnuey NO — curHanbHoi
MOINEKyu, O Mae NNenoTPONHUIA edekT Y PisHNX Tka-
HUHax, 6epe y4acTb Yy Pi3HOMaHITHMX (i3ioNOriYHMX i
natodisionoriyHmx npouecax. Ekcnpecis Tpbox isochopm
cimenctea NO-cunTas (NOS), Bkntoyatoun eHgoteni-
anbHy (eNOS), HelpoHanbHy (NNOS) Ta iHayumnbensHy
(INOS), HevipoHamu rinokamna foBefeHa y pesynstari
6aratbox gocnimkeHb. NO, iHaykoBaHuin nNOS, € oc-
HOBHWM MeaiaTOpPOM HEPBOBO-CYAMHHOIO 3B'S13KY Yepes
CYAVMHOPO3LMPIOBArbHY peakLito rmaakux M's3iB CyauH.
Lle nigTBEpaXYyE NOr0 BaXMMBICTb Y CyAUHHOMY pycHi
rinokamna.
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Puc. 2. Cxema natoreHeTUYHOro 38's13Ky (hOpMyBaHHS MOPYLLEHb KOTHITUBHIX (DYHKLIA Yepes CyaMHHI po3naau Ha doHi TpuBanoi apTepianbHoi rinepTenaii.

KoHuenuist BigcyTHOCTI 6asanbHoi npoaykuii NO
3a yyacti eNOS B apTepionax rinokamna, Lo niaTeep-
[KeHa B 6araTbox JOCNIMKEHHSX in Vivo, BU3HaYaE Lie
MexaHi3MOM MiATPUMKM XOpPCTKOro KoHTponto NO-ono-
CepenKoBaHUX AUnaTaTopHUX peakuin y rinokamni. Tak,
nosigoMnanu npo BasoaktueHy ponb eNOS 3a ymoB
rinepkanHiyHoro cTaHy LioAo BasoamnaTauii CyauH rino-
kamna. OTxe, ctumynsuis eNOS moxe 3abesneumnTy we
OfHY TepaneBTUYHY MillleHb Ans akTvsaLii npogykuii NO,
3HWKEHHS ONOpPY apTepion i BiBHOBMEHHS rinokamnasbsHoT
nepdyaii [39].

3asHaunmo, LLO Mig Yac ekcrnepuMeHTarnbH1X Aocri-
[DKEHb BU3HAYEHO MEHLUI AjiaMeTpu NpocBiTy apTepion
rinokamna B rpyni SHR nopiBHsHO 3i wypamu Wistar;
BTiM, Y Bignosigp Ha iHribyeaHHs i NNOS, i eNOS y rino-
KamnanbH1X apeTepionax AiaMmeTp NpoCBiTy 3anuLaBcs
He3MiHHUM B 060X rpynax [40]. Ba GinbLue, y TBapUHHIN
mogeni posnagy LepebpansHoi reMoanHaMiky BCTaHOB-
NeHo TpvBarne nigeuiieHHs aktueHocTi NOS B rinokamni,
Lo 6yro npurHiveHe iHribitopom INOS. Lie cBigunTb, Wwo
Ls isodpopma Takox 3anyydeHa go perynauii npogykuii NO.
3ayBaxumo: ekcnepumMeHTu 3 BuganeHHs iNOS cnpuum-
HWIW ICTOTHY BTpaTy HEMPOHIB, 30KpeEMa IHTEPHENPOHIB,
wo ekcnepyctotb NPY, y rinokamni [41].

LLlypn SHR — Bigoma 11 yHiBepcarnbHa Moderb eCeHLyi-
anbHoi rinepTeHaii. OBrpyHTOBaHO Lie TUM, Lo A0 3—4-Mi-
CSYHOTO BiKY B HUX BWHVKAE FMEPTOHIS, O CMIPUYNHSE
MiABMLLEHHS PiBHA Npo3ananbHUX LMTOKIHIB Y nna3mi; 4o

Maronoris. Tom 21, Ne 2(61), TpaBeHb — cepneHb 2024 p.

6 MicsAUIB y LUMX LLYpiB BUSBMSAIOTb MOTOBLUEHHS CTIHOK
APIBHUX CyOMH rONOBHOTO MO3KY, KOTHITUBHY AWNCKYHK-
Lito 3 HelipoaereHepallieto rinokamna Ta BTpatoto Binoi
PEYOBMHU, @ TaKOX AeMiEniHi3aLlio ¥ anonTo3 oniroaeH-
ApouuTis. Lle ¢cBiguMTh Npo 3B’A30K MiXX MOLUKOMKEHHSAM
CyOVH i HEPBOBOI TKAHWHW, OrocepeaKoBaHWI, IMOBIPHO,
Helipo3ananeHHsIm.

Y pesynbrati uicneHHnx gocnimkeHs wypis SHR
BUSIBIIEHA eMieniHi3aLisi B KOPi FONOBHOMO MO3KY, MO30-
NUCTOMY Tifi, ane HanbinbLL BAPaXeHy BTpaTy MieniHy
3acpikcyBanu B 6opoasHi rinokamna [42]. Came e aHaTo-
Mi4He YTBOPEHHS CTano LEHTPOM yBaru nig vac narori-
CTONOr4YHOrO AOCHIIKEHHS, LLIO 34INCHUN 3 MOPIBHAHHAM
3pi3iB rinokamna, 3abapBreHyx TPUXpoMom 3a MacoHom,
Bif MNEpPTEH3NBHMX LLYPIB i TBAPUH i3 3aXBOPIOBAHHAM
[piGHMX cyamH ronoBHoro mMo3ky. OcHOBHI Mopdono-
MiYHi 3MiHM MOLLKOKEHMX apTepion 3paskiB TBAPUHHOI
MoZeni ifeHTUYHi J0 TuX, WO Bidyani3oBaHi B 3pi3ax
rinokamna NMoanHMN: KOHLEHTpUYHe hibposHe / rianiHoee
MOTOBLLEHHS APIOHMX CYANH i CYMyTHE 3BYXXEHHS! iXHBOTO
MPOCBITY; YTBOPEHHS MikpoaHeBpuaMm LLlapko—Byluapa,
LLIO BU3Ha4atoTb SIK MPOSIB TSHKKOTO LiepebpoBackynsipHOro
apTepionocknepo3y, 3yMOBINEHOMO XPOHIYHOK CUCTEM-
HOK rinepTeH3ieto (rinepToHiyHa apTepionaris), Yepes
3aMiLLEHHS! KMITUH rMagKoi MycKynaTypu CTIHOK CyOuH
aminoigom, BHaCMHiAoK Yoro BU3HaYatoThb X ocrabrneHHs
i pU3MK PO3PUBY; MIKPOKPOBOTEYI HABKOMO 3BMBUCTMX
apTepion, 0TOYEHUX PO3LIMPEHUMM NEPUBACKYIISIPHUMM
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npocTopamu; BTpaTa LiniCHOCTI Ta MiABULLEHA MPOHMK-
HicTb remaToeHuedaniyHoro 6ap’epa (nepiaptepionsipHe
3ananeHHs) [43].

AHani3 ekcrnepyMeHTanbHUX AaHKX LOAO KOTHITUB-
HUX noBefiHKoBKX peakuin SHR nokasaB 3HWKEHHS i
KOpOTKOYacHoi poboyoi nam’siTi, i 30aTHOCTI 10 TPMBANoro
MPOCTOPOBOrO HaBYaHHA. AK BiANOBiAHY MOPOMOrivHy
KapTUHY BU3HA4MIMN NOLUKOKEHHS HEMPOHIB rinokamna
Ta 3HWKEHHS eKcnpecii CMHanTUYHUX BInkiB. Y AinsHkax
CA1 i CA3 rinokamna BisyanidyBanu HanbinbLUi NOLWKO-
[DKEHHS! HENPOHIB, 30KPEMa 3MEHLLIEHY KinbKICTb KMITUH,
iX XaoTU4He Ta po3cisHe POo3TaLlyBaHHs, NOSBY LWTO-
nnasmaTuyHuX BaKyonel, SAepHOro nikHo3y Ta HyKreo-
nigy. Y ginsHui 3y6yacToi 3BuBMHM (DG) rinokamna Takox
BUSIBUNM NATOMOTYHi 3MiHW, 30KpEMA HEBMOPSAKOBAHO
PO3TaLLIOBaHi PO3CisiHi HEMPOHM 3 LMTONIa3MaTUYHUMM
BaKyonsiMu; Xo4a BOHM NOPIBHAHO He3HauHi. [1o3a T, 3a
3HVKEHMMM PiBHAMY ekcnpecii Ginka Beclin-1 i gedbekty
ferpapaduii P62 nig yac imyHonoriyHMx gocnigxeHb y
rinokamni SHR BusiBNEHo nopyLeHHs aytodarii, T06T10
npoLiecy MacoBoi Aerpaaadii AeBiaHTHUX Ginkis i opraHen,
aKTVBaLlis IKOro cnpsiMOBaHa Ha BiJHOBNEHHS roMeocTa-
3y. He3Baxatoum Ha JoBefjeHe NOTiPLUEHHS CUHANTUYHOT
MNacTUYHOCTI Yepes3 3HUKEeHHs ayTodariyHoro KnipeHcy
Ta MOLLKOMKEHHS OpraHesn TOKCUYHMM MakpoMornekyna-
MM Ha KinNbKOX MOZENsX TBapuH, MaToreHeTUYHi 3B’A3KN
Aediumuty aytodarii y rinokamni 3 KOrHITUBHAMU NOpY-
LUEHHSIMM 3a5MLLIaI0TbCS JOCTEMEHHO He BigoMumm [43].

Y pesynbtati aHani3y HaykoBoi nitepaTypu cdop-
MyBanu CXemy NaToreHeTUYHOro 3B'A3Ky (POpMyBaHHS
MOPYLLEHb KOTHITUBHUX (PYHKLIN Yepes CyauHHI po3naaun
Ha Tni TpuBanoi apTepianbHOI rinepTeHsii (puc. 2).

BucHoOBKU

1. 3a gaHMmK cyyacHMX HaykoBWX OOCHIOXEHb,
rinokamn Bigirpae BaxMBy ponb B 06’eAHaHHI curHanis
HaBKOMWLUHBOIO CepeoBULLA Ta CTBOPEHHI LiMicHOM Ta
€1HOTO CMPUIHATTS B NPOCTOPOBIl | YACOBIN NIOLLMHAX.
EdekTuBHICTb X peanisauii 3anexuTb Bif KNITUHHOT
CTanocTi Ta 3B’A3kiB, ONTUMAribHOrO KPOBOMOCTa4aHH,
CniBBIJHOLLEHHS HEMpPOMeEiaTopiB, XapaKTepy peLenTop-
HOro NaHaLadTy, HeMPONNacTUYHOMO Pecypey.

2. Y pesynbTaTi ekcnepuMeHTanbHUX LOCHiMKeHb
i KMiHIYHUX cnocTepexeHb AOBEAEHO, WO B rinokamni
npv chopMOBaHin apTepianbHii rinepTeHsii Yepes kom-
NEeHcaLjto HaaMIpHOrO TUCKY Ta NiABULLEHOI Mynbcavii
KPOBOTOKY NS 3aXMCTY MIKPOCYAMH Bifl MOLUKOIKEHHS
BifOyBa€ETbCA PEKOHCTPYKLA Ta 3BY)KEHHS LiepebpanbHiix
aptepion, 3HmkyeTbes BiogocTynHicte NO. MocuneHa
Ba30KOHCTPUKLIS CNpUYMHAE rinonepdy3ito Ta MoLKo-
[DKEHHs nepeaycimM HeMpoHiB, Lo ekcnpecytoTb NPY, ki
HanbinbLL BupaxeHi y ginsHkax CA1i CA3 rinokamna Ta
Bi3yani3ytoTbCst ik 3MEHLLEHa KinbKiCTb KNITWH, X XaoTuy-
He Ta po3CisiHe Po3TaLLyBaHHsl, NOSIBa LIUTOMMa3MaTU4HIX
BaKyonen, SAepHOro MikHO3y Ta HyKneoniay.

3. Tpw rinepToHiyHin apTepionarii 03Hakamu Lepe-
BpoBacKynspHOro apTepiocknepo3y B 3pi3ax rinokamna e
KOHLIEHTPUYHe (hibpo3HO-rianiHoBE NOTOBLLEHHS APIGHMX
Cy[MH i3 CynyTHIM 3BY)XXEHHSAM IXHbOrO NPOCBITY; YyTBOPEH-
Hs MikpoaHeBpuam LLlapko—byLuapa; 3amilleHHs KMiTuH
rnagkoi MyckynaTypy CTIHOK CyauH aminoigom, BHacni-
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[OK YOro BM3Ha4atoTb iX ocriabneHHs i pusnk po3puBy;
MiKPOKPOBOTEYi HABKOIO 3BUBUCTUX apTepion, OTOYEHNX
PO3LUMPEHVMI NepUBACKyNSPHUMM NPOCTOPamu; BTpaTa
LinicHOCTI Ta NigBu1LLEHa NPOHWKHICTL remaTtoeHuedaniy-
Horo 6ap’epa (nepiapTepionsipHe 3ananeHHs).

MepcneKTMBU NOAAABLUMX AOCAIMKEHb NONAraloTh Yy
MPOLOBXEHHI HAKOMUYEHHS 1 y3aranbHEeHHS 3HaHb LoJ0
6yznoBM rinokamna B HOPMi Ta 3a YMOB apTepianbHOl
rinepTeHail.
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BpaxoBytoun HepockoHani pesynsratit nikyBaHHA TpaBM NepUAEepUYHOro HepBa Ta He3BaXatoun Ha BEMUKY KifbKiCTb BXe
BUKOHAHMX KNiHIKO-eKcrnepuMeHTanbHUX JOCTiMKeHb LWOAO0 pereHepaLii nepuhepuyHnX HepBiB, NoLLyK HOBUX epeKkTUBHUX
METOAIB NiKyBaHHS Ljiei naTonorii 3anuwaeTbes akTyansHuM. KnitvHHa Tepanist — 0auH 3 iHHOBALIMHUX | NePCNEKTUBHUX Te-
paneBTUYHUX MiAXOAIB A0 BiAHOBNEHHS HePBIB. Me3seHximanbHi cToBbypoBi knituHu (MCK) BnepLue onvcany OpigeHWTENRH i
konern y 1966 poui. MCK — knac MynbTynoTeHTHUX CTOBBYPOBMX KMITUH ME30AePMaribHOrO MOXOMKEHHS, LLIO MaloTb HU3bKY
iMYHOIEHHICTb, ane BUCOKY 30aTHICTb 1O CAMOOHOBNEHHS Ta NOTEHLian 40 Pi3HOCNPAMOBAHOTO AePEHLtoBaHHS, BUSIBMEHI
Malxe Yy BCiX TkaHuHax. 3a gaHnmmn MixHapogHoro ToBapucTsa knituiHoi Tepanii (ISCT, BaHkysep, KaHaga), MCK ntoguHn
ekcnpecytotb CD73, CD105, CD90 i no3basneHi MapkepiB remonoeTnyHux ctoBoyposwx knituH (CD34, CD14, CD45, CD11b,
CD79ai HLA-DR).

[oci Hemae eguHoro nornsay Ha ocHOBHWIA MexaHiam aii MCK woao cTumyntoBaHHs pereHepalii HepBiB, ane HaiMoBIpHiLLe,
BOHW BUKOHYIOTb TPOiYHY (PYHKLHO, iHriBYHOTb NPOANONTUYHI LUNSXW Ta NOCUIIOIOTL BHYTPILLHIO pEreHepaTvBHY 30aTHICTb
HepBga. Binoma Takox 3gatHictb MCK npogykyBaTy pisHi iMyHOperynsTopHi haktopw, L0 NpYU3BOAMTbL 40 PeayKLii HeaaeKkBaTHOI
3ananbHoi peakuii nicnsa ywkomkeHHs HepsiB. MCK MOXyTb TpaHCAMGEpeHLitoBaTUCA B LUBAHHIBCBKI KMiTUHKM, HabyBaTu
LUBAHHOMOAIGHOrO heHOTUMy abo CTUMYIOBATU aKTUBHICTb €HAOTEHHWX LUBAHHIBCHKMX KMITWH, LLO € OQHUMM 3 KIKOHOBUX
perynaTtopie penapatueHoi pereHepauii Hepais. MCK Takox GepyTb yyacTb y pemieniHisaLii yLUKOmKEHUX HEPBIB LLMSIXOM
CMHTe3y Ta BUBINbHEHHs Ginkis mieniHy MBP a6o P0O. MCK cTBOptotoTb NOCMNEHe HEMPONPOTEKTOPHE MiKpOCEpeaoBULLe,
o 3anobirae aereHepalii HepBiB, NIATPUMYE PICT aKCOHIB, HEMpOreHes i KNiTMHHUIA MeTaboniaMm. Bigoma BnacTtusicTb
CTOBOYPOBMX KNITMH NPOAYKyBaTU HEMPOTPOIYHi hakTopu. 3ayBaXkMMO, L0 eHAOreHHi CTOBOYPOBI KMiTUHM, 30Kpema Ti, Lo
LIMPKYNIOKTb Y nepudepuyHii KpoBi, 3Ha4HO MeHLe JocnimkeHi. [leTanbHe BUBYEHHS PIBHOMaHITHUX (hapMakosoriyHmX,
reHHomoaudikaLinHux Yn BiomoaudikauiiHux MeToaiB MobinidaLii eHOoreHHUX CToBOYPOBUX KMiTWH, iXHIX BNACTUBOCTEN
Ta ineHTudikaLii Moxe ByT NEPCNEKTUBHUM Y pereHepaTopHin MeauuUMHI 3aranom i pereHepauii nepudepnyHnx HepeiB
30Kpema.

The role of mesenchymal stem cells in peripheral nerve regeneration

N. M. Nevmerzhytska, L. M. Yaremenko, O. M. Grabovyi

Taking into account the imperfect results of treatment of peripheral nerve injuries and despite the large number of already
performed clinical and experimental studies on the regeneration of peripheral nerves, the search for new effective methods
of treatment of this pathology remains relevant until now. Cell therapy is one of the innovative and promising therapeutic ap-
proaches in the field of nerve regeneration. Mesenchymal stem cells (MSCs) were first introduced in 1966 by Friedenstein and
colleagues. This is a class of multipotent stem cells of mesodermal origin, which have low immunogenicity, but high capacity for
self-renewal and multidirectional differentiation potential. They were found in almost all tissues. According to the International
Society for Cell Therapy (ISCT, Vancouver, Canada), human MSCs express CD73, CD105, CD90 and lack hematopoietic stem
cell markers (CD34, CD14, CD45, CD11b, CD79a, and HLA-DR).

There is no consensus regarding the main mechanism of action of MSCs in stimulating nerve regeneration, but in general, most
likely, they perform a trophic function, inhibit proapoptotic pathways and enhance the intrinsic regenerative capacity of the nerve.
The ability of MSCs to produce various immunoregulatory factors is also known, which leads to the reduction of an inadequate
inflammatory response after nerve damage. MSCs can transdifferentiate into Schwann cells, acquire a Schwann-like phenotype,
or stimulate the activity of endogenous Schwann cells, which are one of the key regulators of reparative nerve regeneration.
MSCs also take part in the remyelination of damaged nerves due to the synthesis and release of myelin proteins MBP or PO.
MSCs create an enhanced neuroprotective microenvironment that prevents nerve degeneration, supports axon growth, neuro-
genesis, and cellular metabolism. The property of stem cells to produce neurotrophic factors is also well known. It is interesting
to note that endogenous stem cells, including those circulating in peripheral blood, are much less studied. A detailed study of
various pharmacological, gene-modifying, or biomodifying methods of endogenous stem cell mobilization, their properties, and
identification may be promising in regenerative medicine in general and peripheral nerve regeneration in particular.

YWKOAKEHHA nepudepnyHnX HepBiB 3annLlaeTbCs
CKNagHO MEAMYHOK NpobneMor 3 YacTo TAXKUMM
igionorivHnMm, MOpdONOriYHNMM Ta (OYHKLOHANBHUMM
Hacnigkamu. Hessaxaroum Ha Ynmano MOXnvBKX Tepa-
NEBTUYHKX NiAXodiB, JOCI HEMAe EAVHOI AYMKM OO0
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nepeBar KOXXHOrO BapiaHTa UM HavkpaLloi MeTogonorii
CTUMYTIOBaHHS pereHepaLii Hepsis [1,2].

HelpanbHa penapaduis € cknagHum 6ionoriyHnm
MPOLIECOM, LLIO BKITIOYAE BUAANEHHS 3annLLKiB MieniHy [3],
¢opmyBaHHs TaxiB broHrHepa [3,4], CMHTE3 HeMpoTpo-
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dhivHMX paKTOpIB, NO3AKMITUHHOTO MaTPUKCY Ta MOMeEKyn
KniTuHHOI aaresii [3,5]. MpoHuKkHITE remaToeHuedaniy-
Horo Gap’epa, piBeHb Helipo3ananeHHs Ta 3ananeHHs
MIKPOOTOYEHHS paHu [3,6] TakoX BNNMBatOTb Ha pesynsrar
pereHepalLii HeNpoHiB. BBaxatoTb, LLIO cepep Pi3HWX TUMIB
KNiTWH, sKi 6epyTb y4acTb y pereHepaTyBHOMY NPOLEC,
HanBaXnuBily ponb BifirpatoTb KNiTWHK LUBaHHa i
Makpodar [3,7]. 3pini makpodbary, AeandepeHLinoBaHi
LUBAHHIBCLKI KNITUHW Ta pe3naeHTHi Makpodaru, wo
nponicpepyoTh, BifirpakoTh LeHTpasnbHy pPorib Y CTBOPEHHI
CMPUSTIIMBOTO CepeaoBULLa AN pereHepauii akCoHiB,
OCKiNbKW BOHW CEKPETYHOTb HEMPOTPOIHW | haroLUTYHOTb,
a TaKoX OYMLLAKTb akCcoHamnbHe Ta MIeNiHOBE CMITTS,
O MICTUTb iHribiTopy pocTy HenpuTiB [8]. MoTeHUinHi
MeToaM NikyBaHHS MakoTh ByTW CNPsSIMOBaHI Ha YMHHWKK,
LLIO BNAVBAOTh HA HaBeAeHi BionoriyHi peakuii, a Takox
CTPYKTYPHI Ta KNITUHHI KOMMNOHEHTU Mif Yac pereHepaui
nepuepuyHNX HEPBIB Yy HanpsMi iXHbOI NpopereHepa-
TVUBHOI TeHAeHL;i [3,9].

HelnposananeHHs nig yac pereHepalii HepsiB Mae
HeponpOTEKTOPHY Ta HeMpomdekCTpyKTuBHy Aito [10],
a MNpoMoHroBaHa 3ananbHa peakuis 3anyveHa Ao na-
TOreHe3y HeraTviBHVX CUMMTOMIB MICNS MOLUKOMKEHHS
nepudepuyHnX HepsiB [8]. Ha paHHili cTagii yLUKOMKEHHS
HepBa harouuTy, NpeAcTaBneHi Makpodaramu, WBKUAKO
PEKPYTYIOTLCSA Ta aKTUBYHTLCSH B MICLi YLUKOMXEHHS
[10,11]. Ana makpodparis XapakTepHa xopoLua nnactuy-
HIiCTb | reTeporeHHICTb. 3a CTaHOM aKTMBaLii Ta yHKLIN
PO3pPIi3HAOTb ABa NONAPKU30BaHi heHOTUNM Makpodaris:
«Knacu4HO aKTWBOBaHi» nposanansHi (M1) Ta «anstep-
HaTMBHO aKTWBOBaHI» NpoTu3anansHi (M2) [12]. Mig vyac
3ananeHHs Makpodary iMyHOCTUMYIIOBAbHOMO PeHo-
tvny (M1) BUOansoTh 3anuLwK1 MiEMiHy Ta naToreHu 3a
[0NoMOroto charoumTosy 1 aytodparii, LLO cnpusie pocTy
HepgiB [10,11]. AKTMBOBaHi Makpogarm Takox cekpe-
TytoTb npo3zanancHuii TNF-a i ROS, wWo ylwkomxyoTh
Hepsw [13]. fani npotnanansHi imyHopenpecusHi (M2)
Makpodary CEKpeTYH0Tb Taki iIMyHOPEerynsTopHi LIUTOKIHW,
K iHTepneiikiH 4 (IL-4), intepnenkiH 10 (IL-10) Ta iHTep-
nevikit 13 (IL-13), cnpusitots aHrioreHesy [10] Ta 6epyTb
Ha cebe Heilpopenapalito. [i cBoeyacHa akTuBaLis cTae
XWUTTEBO BaXJIMBOK ANsi NofonaHHa nepenbadysaHol
HerpoTokemyHocTi M1-cybnonynsuii [12].

KoopauHauis npo- Ta npotusananbHUX CUrHanis
nig vyac BanepoBCbKOI AereHepalii Mae BupilanbHe
3HAYEHHS | Mae YiTKO KOHTpOIMOBaTUChL AN 3abesne-
YeHHs ycniwHoi pereHepadii akcoHis [13]. BigctpoueHe
peKpyTyBaHHS Makpodaris Y iX BACHaXEHHS NPU3BOANTb
[0 3HWKEHHS KMipeHcy MIENiHOBUX 3anuLLKiB, BTpaTh
CUHTE3Yy HeWpOoTPO(IHIB Ta NOPYLWEHHS pereHepauii
AKCOHIB i (DYHKLIOHaNbHOrO BiHOBIIEHHS MICMs TPaBMU
[8]. CvHepreTyHa koopaMHaLis NOCNifOBHOI akTUBHOC-
Ti Makpodparie M1 i M2 ctae Takox HeobxiaHow Ans
YTBOPEHHS HEPBOBWX MICTKIB, LU0 JOCSAraeTbCS LLUMSXOM
MDKKIITUHHVX B3AEMOZIN | napakpuHHOi perynsji [14,15].
Tak, cyamHHWIA eHpoTeniansHuin daktop pocty (VEGF),
LLO CeKpeTyeTbCA Makpodaramu, 3gatHuii mocunoBaTu
YTBOPEHHS HOBWX KPOBOHOCHUX CyOMH, SIKi MOXYTb ByTu
LUMSAXaMK HaBiravji WBaHHIBCLKUX KNiTWH [15].

LLIBaHHIBCbKi KNITUHWU — rOMOBHI MMianbHi KNiTUHW B
nepudgepuyHin HEPBOBIN CUCTEMI, OCHOBHI CTPYKTYp-
HO-(hYHKLIOHarnbHI KNITUHWU Mif Yac pereHepadii nepu-
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thepryHmx HepsiB [16]. Micns yLWKOMKEHHS HepBa BOHM
nponicepytoTb, MIrpyroTb i BULLMKOBYKOTLCH B HEpBaX,
YTBOPHOKOUM cMyru BroHrHepa Ta 3abesnevyoun cnpsimo-
BaHWIA PICT HOBOYTBOPEHWX aKCoHiB [16,17]. 3azHaummo,
O LUBAHHIBCBKI KMITUHU TakoX MOXYTb BidirpaBatu
porb YMOBHO @HTUTeHNPe3eHTYBanbHKUX KMiTUH Yyepes
3aatHicTb ekcnpecysatt MHC-II nicnsa TpaBmaTtuyHoro Ta
3anarnbHOrO YLLKOKEHHS, MPE3EHTYBATV aHTUIEHH in vitro
[18]. Ekcnpecis MHC-II MieniHi3yroumMmMu LUBAHHIBCHKAMU
KNiTMHaMKU 3yMOBMIOE NOCTTPABMATUYHY iH(INbTpaLlito
CD4+ T-kniTvH i gereHepaLito akCoHiB, a Takox 30inb-
Lye TEpPMiYHy rinepanresito i MexaHiuHy annoguHio y
camok muLen in vivo. OTxe, 30aTHICTb LUBAHHIBCbKMX
KMNiTUH NPE3eHTYBaTW aHTUreHn 3abe3nevye peanisaLlito
npo3anarnbHyX peakwiii i CNIPUYMHSE BUHWUKHEHHS MOCT-
TpaBMaTWU4HOrO HeBponaThyHoro Gonto [18].

KnitTuHHa Tepanisa — oguH 3 iHHOBaUiNHUX i nep-
CMEKTUBHUX TepaneBTUYHMX MiAXOA4IB [0 BiAHOBIEHHS
HepsiB [19,20]. Me3eHximanbHi cTOBOYPOBI KNiTUHK
(MCK) BnepLue onncanu ®pigeHwuTeliH i konern y 1966
poui [21]. 3 Toro Yacy AOCATHYTO 3HAYHOrO NPOrpecy B iX
xapaktepuctuui [21].

Bigomo, wo MCK — knac MynsTMNoTEHTHUX CTOBOY-
POBYUX KMITVH, SIKi MatoTb Me30AepMaribHE MOXOMKEHHS Ta
XapaKTepu3yKTbCS BUCOKOK 3AATHICTHO 10 CAMOOHOBIEH-
Hs1, MaKOTb MOTEHLan pisHOCNPSIMOBaHOrO AndepeHLito-
BaHHS! | HU3bKY iMyHOreHHiCTb [22]. MCK BusiBneHi maiike
B YCiX TKaHMHaX: KICTKOBOMY MO3KY, MynOBWHi, TKaHUHI
MraueHTK, XUPOBIN TKaHWHI, CYHOBIAMNbHIA 0BOMNOHLI Ta
piavHi, nepudepnyHin KpoBi, nynbni 3yba, TkaHWHax
eHpomerpito Towwo [21]. 3a gaHnmm MixHapogHoro Tosa-
pucTBa knituHHoi Tepanii (ISCT, BaHkysep, KaHaga), MCK
ntoanHn ekcnpecytotb CD73, CD105, CDI0 i no36asneHi
MapKepiB remonoeTnyHux ctoBOypoBmx knituH (CD34,
CD14, CD45, CD11b, CD79a i HLA-DR).

BukopuctaHHs MCK Buknukae Benukuin HaykoBuii
i NPaKTUYHUI iHTEpPEC ANS BCIEI pereHepaTopHoi Me-
AVLMHA, OCKINbKW BOHW MOXYTb MATPUMYBATK MOLLKO-
IDKEHI TKaHWHW, BNNMBATV Ha npouecy andepenuiaii,
MoTeHLiloBaTK 3MiHM Mopdornorii KNiTuH, MeTabonivHy
aKTVBHOCTb Ta cekpeLito dhaktopis pocty [19]. 3aranom
Le cnpusaTuMe pereHepauii yWwKoOXeHoro opraHa. Y
0aratboX [JOCMIMKEHHSAX NOKa3aHO MO3UTUBHWUIA BNIUB
KMiTUHHOI Tepanii Ha pereHepaLlito NOLKOMKEHNX HEPBO-
BWX BOJIOKOH [23,24,25].

HuHi MCK yacto koMBiHytoTb i3 BUKOPUCTAHHSM
Pi3HMX MeTOoAIB TKaHUHHOT BioiHXeHePIT 4N NoKpaLLeHHs
pereHepaliji [26]. 3acTocoytoTb ek3ocomm MCK, HepBoBi
kaHarm 3 MCK (TpvBUMIpHI HEPOHHI kaHanw, Lo ckna-
fatoTbes 3 bionoriyHnx mMatepianis, CTOBOYPOBUX KIITUH
Ta MOXyTb 3arnobirTu BPOCTaHHIO 3 HABKOMMLLHIX TKaHWUH
i 3HU3UTMN YaCTOTY BUHVUKHEHHS HEBPOM) i METOAW FeHHOI
itrkeHepii MCK (moagudikauist nocnigoHocTi IHK abo
BBELIEHHS1 (hparmMeHTa LIiNbOBOrO reHa B KMiTUHy-rocnogap,
abo BupaneHHs neBHUX parMeHTiB reHa 3 reHomy Ans
LOCSATHEHHS eDEKTY 3MiHWU FEHOTUMY KNiTUHU-rocrofapst
[22]). MeseHximanbHi cTOBOYPOBI KIiTWHW BBOAATL MICLIEBO
ab0 B CYCTEMHMIN KPOBOTIK, BUKOPUCTOBYHOTH iX CAMOCTIHO
abo B KoMbiHaLLii 3 pocToBMMU dhakTopamu [26].

[loci Hemage eaMHOTO NOTNAAY HA OCHOBHUI MEXaHi3M
L MCK Lwono cTimMynioBaHHs pereHepaLlii Hepsis [27,28)],
npote BBaxatoTb, o MCK, HaniMOBIpHiLLE, BUKOHYIOTb
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TpodhiuHy hYHKLIO, IXHS POrb Y MOCUMNEHHI pereHepaLii
HEPBIB monsrae B iHribyBaHHi MPOaNONTUYHWX LUMSXIB
[19,29], nocuneHHi BHYTPILLHBOI pereHepaTUBHOI 30aTHO-
CTi HepBa Ta MiHiMi3aLii HeagekBaTHOT 3ananbHOT peakLii
nicns ywkomkeHHs Hepsa [30]. MCK 6epyTb yyacTb y
peMieniHi3aLii WnsxoM CUHTe3y Ta BMBINbHEHHS BinkiB
mieniny MBP a6o PO [1].

MCK MoxyTb TpaHcaMdePEHLitoBaTACS B LUBAHHIB-
cbKi knitnHy [31,32], HabyBaTw WwBaHHONOAGHOMO heHo-
Tmny [7,32] abo CTUMYMOBaTW aKTUBHICTb EHLOTEHHUX
LUBAHHIBCbKMX KNiTvH [33]. 3amiHa BTpa4eHnx HEMpOHIB
NPOAEMOHCTPOBAHa in Vitro i Mae Yimanuin noTeHuian
Y LeHTparnbHili HepBOBIl cucTemi. Y nepudepnyHin
HEPBOBII CUCTEMI ANt ONTUMI3aLii pereHepaLlii OCHOBHY
yBary npuainstoTh 30iNbLWEHHI0 KiNbKOCTI Ta aKTUBHOCTI
Came LUBaHHIBCbKUX KNiTWH [24,34]. Takvi nigxig 3ymoB-
NEHUIA TPYAHOLLAMM, L0 MOB’AA3aHi 3 KyNbTUBYBaHHAM
ayTOMOTi4YHNX LUBAHHIBCLKVX KNITWH [35]. [nst oTpuMaHHs
[0CTaTHLOI KiNbKOCTi ayTONOMYHUX HENPONeMOLUTIB
HeobXxigHO GpaTy 30OpoBUIN HEPB, a Mepioan ekcrnaHcii
Ta OuMLLEHHS JOBOMI TpMBani; Le MOXe Npu3BECTW A0
3aTPUMKM BigHOBNEHHS [31,36].

3ayBaxummo, LLIO pereHepaLlis akCOoHIB i MieniHi3aLis
BifOyBaOTLCA HOPMarbHO HaBiTb 6e3 AncTanbLHoI Nponi-
dhepaLlii LBAHHIBCbKUX KIMITUH, OCKINbKM KMIOYOBUM (hak-
TOPOM AN HENPONEMOLIUTIB, KU CNpUSiE pereHepalii, €
KOHTaKT 3 aKCOHamM, a He KinbkicTb. HagMipHa Kinbkictb
KniTuH LLIBaHHa 6e3 KOHTaKTy 3 aKkcOHaMM BUAANSETLCA 3
HepBa, TOMY KirnbKiCTb HEPONEeMOLMTIB TO4HO 36iraeThbes
3 KiNbKICTIO aKCOHiB [3].

MCK mMoXyTb npogykyBaTut pisHi iMyHOPErynsTopHi
hakTopu ayTomnoriYHMX Ta anoreHHUX iMyHHUX KNiTUH,
a Takox BpomxeHux (Bkntovatoun NK, HenTpodinm,
Makpodars Ta AeHAPUTHI KNITUHW) Ta HaByTuX iIMyHHNX
KniTuH (3okpema T- i B-knituHm) [37,38]. CBOKO iMyHO-
MOAyNoBarnbHy pofb BOHYM BifirpaloTb 3a 4OMNOMOIOH
[BOX MEXaHi3MiB: cekpeLii LMTOKIHIB, Bkmtoyatoum IDO
(mroomHa) a6o NO (muwa), PGE2, IL-4, IL-10, IL-12, IFN-y
i TNF-a, napakpyHH1M YYHOM i NPAMUM KOHTaKTOM MiX
KniTuHamu [38].

MCK matoTb BWCOKY MNacTWUYHICTb i MOXYTb nepe-
Kntoyatmesa 3 nposananbHoro tiuny MCK1 Ha npotusa-
nanbHuiA Tun MCK2. lMicnsa ctumynsauii nposanansHymm
dhaktopamu, sk-ot IL-1a, TNF-a Ta IFN-y, abo nicns ak-
TMBaUii Tonn-nogidHoro peuentopa 3 (TLR3) MCK nons-
pu3ytoTbCa Ha NpoTtusanansHui Tun MCK2, npogykytoyu
Benuky kinbkicte NO/IDO Ta iHLWMX iMyHOPErynaTOpHMX
(haKTopiB | XeMOKIHIB, LLO BigirparTb iIMyHOCYNPECUBHY
ponb, iHribytoun yHKLUito edekTopHUx T-KNiTVH Ta iHay-
KYHuM NPOAYKLito perynatopHux T-KniTuH (KNiTuH Treg)
[37,38]. PerynatopHi T-knitvhm (Treg-kniTwHM) — migrpyna
CD4+ T-nimcboumTiB, LLIO XapaKTepU3yKTbCH Mapkepamu
KniTmHHOI noBepxHi CD4 i CD25, TpaHckpunuiHnm Bin-
kom forkhead box P3 (FOXP3) [10,39,40]. MpurHidytoum
aKTVBALLIO iHLUMX IMYHHWX KMITUH, Treg-KniTuHU MOXYTb
niATPUMMYBATW iIMyHHWUIA FOMEOCTa3 Ta ONOCEePEeAKOoBYBaTU
iMyHHY TONepaHTHICTb Mig Yac 3ananbHoi Bignosigi [10].

Ockinbky HagMipHe HemposananeHHs Moxe nepe-
LUIKOKaTW pereHepaLii akCoHIiB i yHKLiOHanbHOMY
BiZJHOBMNEHHIO MICNS YLUKOMKEHb HEPBIB, BBAXAtOTb, LLO
iMyHOCYNpeCuBHI BNacTUBOCTI KNiTUH Treg NoKpaLLytoTb
npouec pereHepadii [10,41]. Treg-kniTWHX Takox cnpu-
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A0Tb peMieniHidavii Ta Heponpotekuii [10]. MCK iHay-
KYIOTb PETYNATOPHI NiMGOLMTY 3a [OMOMOTOK CekpeLii
MHOXWHHWUX NAEAOTPOMHUX LUTOKIHIB i MDKKMITUHHOIO
KOHTaKTY 3 KniTnHamu-miteHsmu [13,42], 3HmKytoTb exc-
npecito IL-1. Po3pisHsitote ga Tunm IL-1: IL-1a Ta IL-1B.
OcHosHa yHkuUia IL-1a nonsarae B akTvBaLii CUHTE3Y
IL-6 i rpaHynoumTapHo-MakpodarasibHOro KOMOHIECTU-
myntoBansHoro gaktopa (GM-CSF) y ¢ibpobnactax
in situ, 1O MOXHa BUSIBUTW NPOTArOM 2—5 roauH nicns
nowkomxeHHst [38]. Tpueana HasBHicTb IL-1B i TNF-a
MOXe CNPUYUHUTI 3arnbenb KNiTVH i HeripoaereHepaLlio,
a TaKoX ONOCepPeaKoByBaTW YTBOPEHHS HEBPOM LLISIXOM
cTumynsuii nponicbepaii ibpobnacris [8].

MiKKNITUHHI KOHTaKTW Ta napakpuHHa nepefaya
cuUrHanis MogyrnoKTb 34aTHICTb CTOBOYPOBUX KMiTUH
CeKpeTyBaTV akTUBHI MONEKYNW, @ OTXKe iHAYKyBaTh ce-
KPETOPHY aKTMBHICTb EHAOTEHHUX LUBAHHIBCHKUX KITITUH
i HaKoONMYeHHs Makpodaris NObNN3y MiCLS YLIKOMKEHHS
[19,43]. CToBOYpOBI KNiTUHW CTBOPIOKOTH MOCUIEHE HEN-
ponpoTeKTOpHe MikpocepeaoBuLLE, Lo 3anobirae aere-
HepaLii HepBiB, MiATPYMYIOE PICT aKCOHIB, HEMPOreHes i
KniTHHUIA MeTaboniam [19,43].

Bigomoto € BnacTugicTb CTOBOYPOBMX KIiTUH NpOAy-
KyBaTu HeMpoTpodiyHi chakTopu: dhaktopy pocty IGF-I Ta
IGF-II [1], HerpoTpodiH-3 (NT-3), HempoTtpodiH-1 (NT-1),
HevipoTpodhiH-4 (NT4, Takox Bigomuii sk NT5; NT-4/5) [1],
umuniapH1in HempotpodivHuia dhaktop (CDNF), mo3koBuii
HempoTpodiyuHnii haktop (BDNF), dhakTop pocTy HepsiB
(NGF), HerpoTpodiuHwii chakTop RiHii rianbHUX KMiTUH
GDNF4 [7,19,31,43].

Hempotpodpiuni caktopu (NF) — rpyna 6inkis, Lo
BiOMi 32 3[aTHICTIO CMIPUSTU BUXVBAHHIO HEWPOHIB,
BNAMBaTV Ha nponidepauio Ta AndepeHLitoBaHHS
KNiTUH, PerymioBaTn CMHaNTUYHY NAACTUYHICTb | MO-
OynioBaTy PO3BUTOK | aKCOHIB, i AeHapuTiB. KpiM Toro,
NF nonerwytoTb 38’130k MiX HepoHamMu Ta BignoBig-
HUMK TKaHUHaMu-MieHammn [44,45]. HepoTpodidHi
haKkTopW XUTTEBO BaXIIMBI AN POCTY HENPUTIB Nig Yac
eMOpiOHanbHOMO PO3BUTKY, ANSA MIATPUMKM XUTTE3AAT-
HOCTI JOPOCIMX HEMPOHIB i pereHepalii nicns Tpasmm
[1,22]. Y GaraTbox AOCMIAKEHHSX MOBIAOMMSNN, LIO
HENPOTPOMIHK Ail0Tb pPereHepaTuBHO Ha PisHUX Mode-
NsIX Qe i TBapuH, 30Kpema 3 HeliposananbHUMK Ta
HelpoaereHepaTBHUMMN 3aXBOPIOBaHHAMU [45,46,47].
HelTpodiHn MatoTb HM3bKOadiHHUI i BUCOKOAdiHHMI
peuenTopu. HuabkoadiHHWIA peuenTop p75 € ChinbHUM
peuentopom ans NGF, BDNF, NT-3/4/5 [48], B3aemogie
3 TPOMNOMIiO3WH-pPeLeNTOPHUMI KiHasamm (tropomyosin
receptor kinase, Trk), LLjo foNOMaratoTb TpaHCMOPTyBaTU
HeNpoTpodiHy B 3akiHYeHHs! HerpoHiB [32]. OgHak NGF,
BDNF, NT-3/4/5 matoTb Takox creumdiqHuin Bucokoadi-
Hui peuentop — TrkA ans NGF, TrkB cneuudivunwmii gns
BDNF, NT-4/5 i NT-3, o moxyTb 38's3yBatncs 3 TrkC i
CMPUSIOTb TPAHCNOPTY HEMPOTPOGIHIB [49].

®akTop pocty HepsiB (nerve growth factor, NGF)
— OAWH i3 HalKpaLle BWBYEHWNX HEMPOTPOMIUHUX hak-
TopiB [1], onucanuii Bnepwe y 1951 poui. Cnovatky
BCTaHOBUIHU, WO B NepudepuyHii HEpPBOBIN cucTemi
NGF € HelipoTpodbiHOM, kvl [OMIHYE Ta B3aeMogie 3
CUMNATUYHUMK | CEHCOPHUMU HEMPOHaMM, KOHTPOITIOE
iXHi picT i andepeHLitoBaHHS B eMOpioHansHOMY ne-
pioai [45,49]. Oecatunittamu nisHiwe NGF Bussunu y
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[OPOCHVX, BU3HAYMIN, LLO BiH Bifirpae BaXIMBy posb y
MOLLUKODKEHHI TKaHWH i peaniaauii mexariamis 6onto [50],
HeobXigHWIA Ans BIKMBaHHA Ta audepeHLuiauii nepude-
PWYHOI Ta LIEHTpanbHoi HepBOBMX cucTeMm [51,52]. dakTop
POCTY HEpPBIB y HU3bKWUX KOHLEHTPALisX BU3HAYUNN Y
3[0POBUX HEPBAX, arne NOro ekCrpecis iCTOTHO 3pocTae
B HepBax Nicns MOLKOMXKEHHS, Bigirpatoun nposigHy
porb Yy pocTi HOBUX HEMpUTIB [1,53], MOXe 3B’A3yBaTiCA 3
KiHa30t0 peLienTopa TPonomio3uHy A abo H13bkoadiHHIM
peuentopom NGF, 06 3MeHLWKTM AereHepalito Helnpo-
HiB, MPVCKOPUTW pereHepaLito nepndepuyHnX HepBIB i
3MEHLWMTY 3anasbHi peakuii [53,54,55]. PereHepaTuBHuii
edpeKT cnpuymnHeHun iHribysaHHaMm ekcnpecii p38MAPK
(p38 Mitogen-activated protein kinase), Lo aKTUBYETLCA
Ha paHHix cTagisx TpaBMaTUYHUX YLLIKOMKEHb nepude-
PUYHKX HepBIB | 6epe yyacTb y 3armbeni knituH [1,56].

Brain-derived neurotrophic factor (BDNF) cnpuse
AndbepeHLjaLlii CeHCOPHUX HENPOHIB i [ie K Heponpo-
TEKTOp PyX0BUX HeMpoHiB [32,57]. 3paTtHicTb BDNF «ps-
TyBaTW» PyXOBi HEVIPOHY 34INCHIOETLCA Yepes peLienTop
TrkB [58]. CurHanbHuin wnsax BDNF-TrkB y MoTOpHYMX
akcoHax fobpe Bigomui. BriokyBaHHs akTuBHocTi BDNF
NpU3BOAUTb A0 3MEHLUEHHS PO3POCTaHHS aKCOHIB, a
aroHicTn TrkB nocuntotoTe pereHepaLito akcoHis [59,60].
lMpocToposa cneumdiyHicTs BDNF, sikui Lypkynioe, noya-
CTU KOHTPOIMKETHLCS NPUMIIMBOM KanbLjto, LU0 CTUMYIIHOE
TPaHCKPUILLito CUrHanbHUX KoMMoHeHTiB TrkB [61], a oTxe
11010 [isl WOAO PO3POCTaHHS aKCOHIB MoXe OyTu roka-
Ni30BaHOO 1 iCTOTHiLLE BNIMBATVME Ha peiHHepBaLyito B
aKTUBHUX MOTOHeNpoHax [59].

Omxe, curHanbHi wnsxm BDNF onocepeakoBaHo Ye-
pes aKTMBALLito TPaHCKPUMLLIMHWX dhakTopis BepyTb y4acTb
Y BUXVBAHHI KMITUH | HeMpOHHIin nnactuyHocTi [61]. BDNF
36inbLUy€E KinbKiCTb MIENiHI30BAHNX @KCOHIB i TOBLUMHY
MieniHOBOT 0BOMNOHKM, MiABULLYE aKCOHamNbHWIA CIPYTUHT
[32], pie Ha HempoHW-nonepeaHUKN B OiNSHUI ypaxKeH-
HS, CMPUSAOYM MOKpaLLEHHI0 HewnporeHesy [62]. BDNF
HeoOXigHWIA ANs HopMarnbHOro po3BUTKY: HokayT BDNF
npu3BOANTL A0 eMbpioHanbHoi 3armbeni [61]. Y nepude-
puyHux Hepeax BDNF cuHTe3yeTbCs MOTOHeWpoHamu,
HeripoHamn DRG (dorsal root ganglion) i LUBaHHiIBCbKMU
knituHamu [61]. Micns cTucHeHHst abo NOBHOTO NEPETUHY
Hepea MPHK BDNF 36inbLuyeTbcs Y BCiX TPbOX TWMax
KIiTUH, 30kpema B HevipoHax DRG, wo ekcnpecytoTb TrkB
i TrkC, ne He BusiBneHo ekcnpecito BDNF [62,63]. MPHK
BDNF moxe ByTv BusiBNeHa B HEBENWKWX KinNbKOCTAX
y CiOHWYHOMY HepBi, i NiCNs NOLIKOMKEHHS eKcnpecis
nigeuLLyeTbes. Lis aktuBauis niaTpuMyeTbesl NPOTSrom
KifIbKOX TUXKHIB, MOXe OyTv NOB’A3aHa i 3 HeMpOHanbHUM,
i HEHENMPOHHUMK DKepenamu. [pu NOLIKOMKEHHI nnLe-
BOro Hepsa akTvBauis BDNF kopentoe 3 nokpatleHHsm
dyHKUiOHanbHoro pesynbraty [61].

IHcyniHonogibHi aktopu pocty 1 i 2 (insulin-like
growth factors 1 and 2, IGF-1 Ta IGF-2) BigirpatoTb knto4o-
BY POSib Y NiATPUML XKMTTE3AATHOCTI HEPBOBOI TKAHWHY.
BoHv cTumynioroTb MirpaLito Ta npornicpepaliito HepPBOBMX
KMiTUH, aKTUBYKOYM KNITUHHUIA MeTaboniam, iHayKyHoTb pe-
reHepaLlito NOLIKOMKEHUX KMITVH, PETYTIOKTb PisHi eTanu
npeHaTanbHOro Ta NOCTHATaNbHOrO PO3BUTKY HEPBOBOI
cuctemun. JoctynHictb IGF Ans KNiTUH KOHTPOMIOETLCS
3a gonomoroto ix B3aemogii 3 IGF-38’a3yBanbHumMu Bin-
kamu (insulin-like growth factor binding protein, IGFBP),
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Lo iHribYTh iXHIO aKkTUBHICTb. Po3wennenHs IGFBP
crneumdiyHMMK NpoTeasammn HaBnaky NpusBOAUTL A0
BUBINbHeHHs IGF Ta akTuBauii oro KniTMHHMX edbekTiB.
OcHoBHe mxepeno IGF ans HelmpoHiB — actpouuTu. Bu-
BiNibHeHHs! IGF LUNsiXoM NPOTEONiTUYHOIO PO3LLENSIEHHS
IGFBP € BaXn1BUM MeXaHi3MOM 3axucTy HeWpoHiB [65].

Micns ekcnepuMeHTansHOro NOLUKOMKEHHS HEPBa
IGF-1 Ta IGF-2 aKTvByI0TbCS B HEpBaX i M’'si3aX, BUKOHY-
10Tb HI3KY HEMIPOMPOTEKTOPHIX (PYHKLN Y MOTOHEPOHaX
[59]. IGF-1 mae Takox HelipoTpodiYHy Ta MioreHHy Aito
[59]. MioreHHa aist IGF-1 peanisyeTbCs LNSXOM 3HWXEHHS
LUBUAKOCTI iHAYKOBaHOI eHepBaLlieto M's30B0i aTpodii
[64] Ta cTUMYNALIT NPOPOCTaHHSA akCOHIB Y AeHEepBOBaHi
M'si31 Mig vac peiHHepBaLii [64,65]. Kpim Toro, IGF-1
CMpusie MiTO3y MiobnacTiB, ONOCepeaKoBYUN LLUMSX
MiTOreH-akTMBOBaHoI npoteiHkiHasn (MAPK/ERK1/2) i
wnax PI3K/Akt, TMM camum BigHOBIOKOYM MOLLKOMKEHI
M’S130Bi KNITUHX B M’'I30BUX BOJIOKHAX, a MOTIM pereHe-
pytoum ix [66,67]. MogibHo go IGF-1, IGF-2 HeobxigHui
ANS AudepeHLiitoBaHHSA Ta PO3BUTKY M'A3IB i (DYHKLOHYE
ayTOKPVHHO 3a TUM caMWM MexaHiamom [66,67]. IGF-2
CUHTE3YETLCS HEAKTUBHUMM BOMOKHaMM B YaCTKOBO
[eHEepBOBaHNX M’'A3aX i Ai€ 5K CTUMYNATOP CNPYTWHIY 3a
[I0MOMOTOI0 M’5I30BO-HEPBOBUX B3aEMOAi [59], iHayKye
nponicepaLito HepBOBUX CTOBOYPOBUX KNITUH Yepes
IGF1R (insulin-like growth factor1 receptor) abo B nep-
BUHHWX KynbTypax Herpocdep, abo B TpaH3WUTHO-amnIi-
dikytoumnx KniTMHax-nonepeaHukax [68].

LliniapHuii HepoTpodiuHmMin chakTop (ciliary neuro-
trophic factor, CNTF) — nntopynoTeHTHWiA HelpoTpodiy-
HWUIA (haKTop, BriepLUe BUAIMEHNI i3 LumniapHUX HEMPOHIB
Kypsiyoro embpioHa [69]. BiH Bigirpae Baxnuy ponb y
PO3BUTKY Ta NiATPUMLLi 30POBOI HEPBOBOI CUCTEMMU; 110TO
BMKOPUCTOBYETH NMpU HaraTbOX 3aXBOPHOBAHHSX, LLO
noB’s3aHi 3 3opom [69,70].

CNTF Hanexwtb 0O CiMeNcTBa LMTOKIHIB iHTeprei-
KiHy-6 (abo gp130), npomykyeTbCst in vivo acTpouuTamu
Ta WBAHHIBCbKMMK KniTvHamm [71], Bigirpae Baxnmy
pOnb y MOCUNEHHI MOBTOPHOIO POCTY Ta [03piBaHHS aK-
COHIB Nif Yac pereHepaLlii nepudepnyHnx Hepsis nicns
MOLLKOMKEHHS [72]. Y HepBOBIl cucTeMi BiH NigTpumye
BWXMBaHHS Ta AM(EPEHLIiOBAHHS HEMPOHIB, BKMHOYA04M
HemnpanbHi CTOBOYPOBI KNiTWHW, raHmmii 3aaHiX KOPIHLIB,
CEHCOPHi Ta MOTOPHI HEMPOHW, KNITUHK mii [69,71,73,74].
Ha BHYTPILLIHBEOKIITUHHOMY PiBHI BiH akTvBye Lunsxuy PI3K/
Akt Ta JAK2/STAT3 [71,75]. Ha BigMiHy Bin 6araTbox iHLLMX
HevpoTpodivHuX thakTopiB, CNTF pscHo excnpecyeTbes
Y HEYLLKOPKEHNX NepudepuyHnX HEpBaXx, ane npurHidy-
€TbCA Nif Yac pereHepaLlii HeMpoHiB. Cnneck BUBINbHEHHS
CNTF i3 noLuKomKeHX LUBAHHIBCHKIX KIITUH Bigpasy micns
MOLLKOMKEHHS! BBAXAKOTb BUPILLIANBHUM CUrHaNoM Ans
CUHTESY iHLWMX TPOdiYHMX (hakTopiB, WO MIATPUMYIOTb
pereHepalijto [7 1]. MokasaHo Takox, o CNTF YnHUTL Xe-
MOTaKCUYHY Ajto Ha Makpodarm, Lo MirpytoTs [71], cnpusie
BiJHOBIMEHH!O YLUKODKEHOTO CiIHNYHOrO HEPBa, NONinLye
pereHepaLlito HepBiB [76,77], NigTpUMye OYHKLIT M'A3iB, SKi
OTOMYHOTb YLUKOIDKEHI HEpBY, MPUCKOPIOE Nponidhepalijio Ta
andepeHLitoBaHHs! MiobracTiB, LLIO € NePCMeKTUBHUM Anst
Kopexuji M’s30B0i atpodii [76].

LinniapHuit HepoTpodiuHmi hakTop onocepeakoBye
Helpo3anarnbHy peakLilo Yepes akTVBYHUMIA NepeTBo-
proBay curHany 1 aktueatop TpaHckpunuii 3 (STAT3),

Ornsaau
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iHAyKye iHTepnenkiH 6 (IL-6) y CEHCOpHUX HempoHax.
CNTF-gediumnt nocnabntoe HelposananeHHs y DRG Ta
CMUHHOMY MO3KY 3 MOreriueHHsaM 6onto nicns TpaBMu.
PekombinanTHuin CNTF, HaHeCeHWih Ha YyTnuBI HepBM,
NOBTOpIOE Helpo3sananeHHst B DRG Ta cniMHHOMY MO3ky
3 po3suTkom Gonto Hagani [78]. Kpim toro, CNTF 36inb-
LUYE BWKMBAHHSA 3pinux oniro4eHApounTiB y Mogeni
EAE (experimental autoimmune encephalomyelitis) Ta
CMPUYMHSAE PEMIENIHI3aLLit0 NICIA NOLKOMKEHHS CMIMHHOTO
mo3sky [73]. CNTF noB’sizaHuin Takox i3 HelipoaereHepa-
TVBHVMM 3aXBOPHOBAHHSMU — XBopobamm [NapkiHCoHa Ta
Anburenvepa [69].

GDNF (glial cell line-derived neurotrophic factor)
BnepLue onucanu Engele et al. y 1991 poui sk HempoTpo-
iyHuin daktop. GDNF ekcnpecyeTbcs HelipoHamm B
LIEHTparbHi HepBOBIl CUCTEMI, LLIO PO3BMBAETLCS, a Yy
[IOPOCMNX CUHTE3YETHCS MMianbHUMM KNiTUHaMK (LUBaH-
HIBCbKAMW KMiTUHAMK, acTpouutamy Ta Mikpormier),
a TakoX MOTOPHUMM, KWLIKOBUMU, CUMNATUYHAMM Ta
AodamiHepriyHMMmy HempoHamm, KNiTMHaMK CKeNeTHUX
M’'A3iB i AeHepBoBaHUMY kniTuHamu [79,80,81]. GDNF 3a-
nobirae anonTo3y MOTOHEMPOHIB g Yac po3BUTKY in vivo,
3MeHLLY€e BTPaTy MOTOHEVPOHIB Ha MOZENSX MOTOPHOI
HeBponarTii Ta AereHepaii y TBApuH, pATye MOTOHENPOHM
Bif 3armbeni KNiT H, CNPUYMHEHOT aKCOTOMIEID, 3axuLLae
Bif, XPOHIYHOI fereHepadii [79].

[onaTtkoBuii HayKOBUI IHTEPEC BUKNUKAE 3AATHICTb
GDNF nocuntoBatv MieniHisavito micns TpaBmMu, CTUMYTHO-
BaTW piCT HEVPUTIB i BidirpaBaTyt POrnb CUHANTOTPOMIHY,
CTUMYIHOKOYY | TEPMIHATIbHE PO3rany)XeHHs, | pemoaento-
BaHHS1 B HEPBOBO-M'130BOMY 3'€HaHHi [79,80,82]. GDNF
YTBOPIOE KOMMMeEKC i3 pelientopom cimenctsa GDNF a1,
AKWIA 3aKPINIEHNIA Ha NNa3MaTyYHi MeMOPaHi HEPOHIB.
Komnnekc GDNF-GFR a1 B3aemogie 3 peLenTopHOo
TUPO3MHKIHa3010, peuenTopamu RET, Lo npn3BoaunTb 40
aKTVBaLii BHYTPILLUHbOKIITUHHOTO KIHA3HOrO JOMEHY At
iHOYKUiT MHOXVHHUX BHYTPILUHBOKMITVHHAX CUrHANbHNX
wnsxis [80,83,84]. MNokasaHo, L0 BiH CNPSIMOBYE PYXOBi
aKCOHM naTtepanbHOr0 MOTOPHOTO CTOBMa A0 iXHIX Mi-
LLIeHel Y 3a[HiN KiHLiBLY, ane 1oro 3aaTHiCTb iHOyKyBaTu
CMPSIMOBAHWI PICT HEMPUTIB B iHLUMX TUNaX HENPOHIB Mae
6yTv ninTBepmxeHa [71].

CimeiicTBOo Heliperyniny-1 (neuregulin-1, NRG1)
Bifirpac BM3Ha4anbHy ponb y PO3BUTKY ¥ €BOMIOLT
LUBAHHIBCLKUX KniTuH [31]. PoapisHstoTb izochopmm NRG1:
TpaHCMeMOpaHHy (EKCpecyeTbCcs akcoHamu, bepe
aKTWBHY y4acTb y perynsuii MieniHisauii) Ta posqnHHy
(BMBINBbHAETLCA LLIBAHHIBCHKUMY KIITUHaMM Bigpasy nicns
NOLKOmKeHHS Hepea) [85,86]. TpaHcmembpaHHuin NRG1
i€ sk npoMieniHi3ytounii haktop, a po3dnHHa iochopmMa
iHribye mieninisawijto [85]. Kpim Toro, TpaHcMeMbpaHHui
NRG1 HeraTBHO BNNMBAE Ha EKCMPECi0 PO3YMHHOTO
NRG1 y wBaHHIBCbKWX KNiTUHaX [85]. HasBHICTb TpaHc-
membpaHHoro NRG1 akTuBye kackaam, L0 CTUMYIHOIOTb
AnbepeHLiitoBaHHS, PO3MHOXEHHS Ta MirpaLito LUBaAHHIB-
CbKUX KMITWH Mg Yac pereHepaLlii Hepsis [22,31]. Ekcnipecis
NRG1 3HmKyeTbCs Nig Yac AereHepalii Ta 3anuwaeTbes
HI3BKOIO MICIS YMOBINbHEHOI pereHepallii Hepgis [87]. PiBHi
NRG1 B13Ha4atoTb po3Mip akcoHa, Aarym 3Mory MieniHi-
3YH04YMM LUBAHHIBCKIM KIITUHAM OMTUMI3yBaTH TOBLLUHY
MieniHoBoi 060mMoHKK [31]. ®ibpobrnacTn MoXyTb CNpUATYA
BWCOKOMY piBHI0 po3inHHoro NRG1, o npussogunTb
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[0 feaudpepeHuitoBaHHs HeviponemoumTie [86]. NRG1
YMHWTb TaKOX HENPONPOTEKTOPHY Ta MpoTW3anarbHy it
Ha LieHTparbHy Ta nepucepuyHy HepBoBy cuctemy [88].

BucHOBKHM

1. BpaxoBytouun HeOCKOHani pesynbsTaTy NikyBaHHS
TpaBM Nepuepr4HOro HepBa Ta HE3BAXKAaKUM Ha BEMNUKY
KINbKICTb BXXE BUKOHAHWX KNiHIKO-eKCrnepyuMeHTanbHNX
JOCniDKeHb LWOAO pereHepalii nepuepuyHmX HepBIB,
MOLUYK HOBVX eheKTUBHIX METOAIB NiKyBaHHS L€l naTo-
norii 3anuWaeTbes akTyanbHUM.

2. BukopucranHs MCK camocTiiiHo a6o y komBiHauii
3 CyYyacHUMM BiOiHXEHEepHUMU, 30KpeMa FeHHO-IHXe-
HEPHUMM TEXHOIOTISIMIA 3HA4HO MOKPALLMIIO pesynsTaTu
MiKyBaHHA TpaBM nepudeprnyHoro Hepsa. Ek3oreHHe
BBEAEHHS HAaBEAEHNX HEMPOTPOMIYHNX haKTOPIB TaKoX
CMPVSNO MOKPALLEHHIO PE3YnbTaTiB MiKyBaHHS.

3. BaxnmBum € NPOOOBXEHHS MOLLYKY HOBUX edhek-
TUBHUX CNOCOBIB aKTVBaLlii eHOOreHHUX CTOBOYPOBMX
me3eHxiManbHKX KniTuH abo Mogynauii ix Buxogy 3 Tka-
HUHHWX Hil. EHAoreHHi cToBOYpOBI KNiTUHK, 30Kpema Ti,
LLIO LIMPKYMOKTb Y NepUdEpUYHii KpoBi, 3HAYHO MeHLUe
[OCnigKeHi Ta OnucaHi B CyyacHit MeANYHIn nitepatypi.

4. [etanbHe JOCNIMKEHHS Pi3HOMaHITHUX dapma-
KOMOFiYHMX, reHHOMoAMdikaLinHnX Yyn Biomoamndika-
LinHMX meToziB mobiniavii eHaoreHHMX CToBOYpPOBHMX
KMiTWH, iXHIX BNacT1BOCTel Ta ineHTudikaLlii moxe 6yTu
MEPCNEKTUBHUM Y pereHepaTopHiin MeauumHi 3aranom i
pereHepaLii nepuepuyHmMX HepBIB 30Kpema.
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The connection between military trauma and cancer is not sufficiently studied. We present a clinical observation of metastasis
of cancer of unknown primary localization into a keloid scar of the neck, which occurred after surgical treatment of a wound
due to a previously suffered mine-explosive injury. There are no similar descriptions in the literature.

The aim of this article is analysis of a clinical case of adenocarcinoma metastases in keloid scar tissue, which occurred after
gunshot wounds to the body.

Clinical observation. A young man, a military serviceman, developed a keloid scar after a landmine-explosive wound and
primary surgical treatment of a neck wound, in which 2 years after excision, a metastasis of intestinal-type adenocarcinoma
was detected (Cytokeratin-20+, Cytokeratin-7-, CDX-2+ and SATB 2+). With the help of clinical, endoscopic and radiological
methods (computed tomography and positron emission tomography / computed tomography), the primary tumor and additional
metastases in the neck, chest, abdominal cavity and pelvis could not be detected.

The article analyzes the possible mechanisms of the rare case of metastasis of adenocarcinoma in the tissue of an uninfected
keloid scar and discusses the concept of the formation of a premetastatic niche in the early stages of carcinogenesis of a
preclinical tumor.

Conclusions. This observation raises new questions for fundamental and translational studies of the process of hematogenous
metastasis during the parallel progression of the primary tumor and its metastases.

MetacTta3 paKy HeBiAOMOi NepBUHHOI AOKaAi3aLji B onepaLiiHUK KeAOIAHWH pybeub
nicAs MiHHO-BMOYX0OBOro NOpaHeHHs LWHi

0. 0. KoeanboB, C. M. 3aBropoaHin, 0. . Tonok, M. A. Kybpak, K. 0. KoBanboB

3B'A130K MiX BiICbKOBOIO TPABMOI Ta PakOM BUBYEHO HELOCTATHBO. Y CTaTTi HABEAEHO KMiHIYHE COCTEPEXEHHS MeTacTasy-
BaHHS paKy HEBIZOMOI NEPBUHHOI NoKanisaLii B KeNoiaHui pybeLb i, Lo BUHWK Nicns XipypriYHoi 06pobku paHu BHAcnigok
MiHHO-BMOYX0BOrO NOpaHeHHs. Y [OCTYMHIN (haxoBiii NitepaTypi He BUSIBNEHO ONWCIB NOAIOHUX KNIHIYHWX BUNAZKIB.

Merta po6oTu — aHanis KMiHiYHOro BUNaAKy METacTasyBaHHA afeHOKapLUMHOMM Y TKaHUHW KenoigHoro pybus, WO BUHMK
BHaCMiOK BOTHenasnbH1X NopaHeHb Tina.

KniHiuHe cnocTepexxeHHSA. Y MONOAOro YoroBika, BiliCbkOBOCYXO0BLIS, Micns MiHHO-BMOYXOBOTO NOPaHEHHS Ta NePBUHHOI
XipypriyHoi 06pobky paHm LT BUHWK KenoigHMiA pyBelib. Yepes 2 pokw nicns BUCIMEHHS Y HBOMY BUSIBNIEHO MeTacTas aeHo-
kapumHomu kuwkooro Tuny (Cytokeratin-20+, Cytokeratin-7-, CDX2+, SATB2+). 3a 4ONOMOrOH0 KMiHiYHUX, EHAOCKONIYHUX
i papgionoriyHux meToAiB (koMn'toTepHa Tomorpadisi Ta NO3MTPOHHO-eMICIHA Tomorpadis / komn'loTepHa ToMmorpadis)
NepBUHHY NYXIMHY Ta AOAATKOBI MeTacTasn y LW, rPYAHii, YepPEeBHIN NOPOXHWHI Ta Manomy Tasi BUSBUTU He BAANOC.
[poaHarnizoBaHo MOXNMBI MeXaHi3MK pPifKICHOrO BUNaLKy MeTacTadyBaHHA afeHOKapLMHOMU Y TKaHUHK HeiHikoBaHOro
kenoigHoro py6us. HaBegeHo koHuUenLito (opmMyBaHHS NpeMeTacTaTUYHOI Hilli Ha paHHix cTagisx KaHueporeHeay [oKni-
HI4YHOT MyXIUHW.

BucHosku. OnucaHe cnoctepexeHHs CTaBUTb HOBI MUTAHHSA LOAO NPOLECY reMaToreHHOro MetactasyBaHHs Mif Yac
napanenbHOro NPorpecyBaHHs NEPBUHHOT MyXMNWHYW Ta ii MeTacTasiB.

The relationship between military trauma and cancer is
not well understood. In the literature there is a description
of two cases of laryngeal cancer after a gunshot wound
to the neck [1], basal cell carcinoma with metastases to
the axillary lymph nodes in a man as a result of a gunshot
wound to the shoulder [2], squamous cell skin cancer that
arose in the scar after an old military wound [3].

There is a description of the accidental discovery
of metastases of squamous cell carcinoma of unknown
primary localization in the lymph nodes of the neck during
emergency surgery for a gunshot wound [4].

Maronoris. Tom 21, Ne 2(61), TpaBeHb — cepneHb 2024 p.

We present a clinical observation of metastasis of
cancer of unknown primary localization into a keloid
scar of the neck that arose after surgical treatment of
the wound as a result of a previous mine blast wound.
A mine-explosive wound is the result of a simultaneous
impact on tissue of the damaging factors of an explosive
device that are heterogeneous in characteristics (shock
wave, flame jet, mine fragments, etc.).

We have not come across a description of oligome-
tastasis of adenocarcinoma of the intestinal phenotype in
keloid tissue in the available literature.
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Case report

Aim
Analysis of a clinical case of adenocarcinoma metasta-

ses in keloid scar tissue, which occurred after gunshot
wounds to the body.

Material and methods

Morphological preparations of the removed keloid scar
were examined after staining with hematoxylin-eosin.
Monoclonal antibodies Cytokeratin-20 (DAKO, clone
Ks 20.8), CDX-2 (DAKO, clone DAK-CD X2) and Tinto
SATB 2 (monoclonal) were used forimmunohistochemical
research.

Colonoscopy, computed tomography (CT) and posi-
tron emission tomography-computed tomography (PET/
CT) were used to find the primary location of the tumor.

Clinical case. Man L., born in 2002, a soldier of
the Ukrainian Armed Forces, at the age of 20, received
a mine-explosive fragmentation wound in the neck in
March 2022. At the hospital, the bleeding was stopped
and primary surgical treatment of the wound was
performed. Almost immediately, a keloid scar formed
(Fig. 1), for the removal of which the patient went to the
surgical clinic in February 2024, twenty-three months
after the injury.

In soft tissue preparations of the excised scar, tu-
mor growth with glandular-cribrotic structures and the
presence of “dirty” comedonecrosis was detected. The
tumor is represented by atypical monomorphic cells with
an increased nuclear-cytoplasmic ratio. Normo- and
hyperchromic nuclei in a state of pronounced atypical
mitotic activity. Around the tumor complexes there is a
pronounced desmoplastic reaction of the stroma, massive
lymphohistiocytic infiltration with an admixture of neutro-
phils and the formation of lymphoid follicles. Thickened
homogeneous eosinophilic collagen fibers are embedded
in the desmoplastic stroma, which morphologically corre-
sponds to their keloid transformation.

To clarify the diagnosis and determine the histogen-
esis of the tumor, an immunohistochemical study was
performed. When using primary panel markers, it was
found that tumor cells were positive for Pancytokeratin,
Cytokeratin-20 and negative for Cytokeratin-7. The
presence of a metastatic nature of adenocarcinoma was
confirmed by a positive nuclear reaction to intestinal
differentiation markers CDX-2 and SATB 2. Thus, the
morphological structure of the tumor and the immunophe-
notype of its cells corresponded to metastasis of colon
adenocarcinoma into a keloid skin scar (Fig. 2, 3, 4, 5).

Subsequent endoscopic examination of the eso-
phagus, stomach and colon revealed no intraluminal
pathology.

According to CT data, there were no radiological signs
of a tumor process in the chest, abdominal cavities and
pelvis. Two metal fragments were found in the soft tissues
of the neck (Fig. 6). No additional pathological formations
were found in the wound area.

Contrast-enhanced whole-body PET/CT was
performed. F18DH was administered intravenously —
355.79999 MBq, effective dose of PET — 6.8000002 m3,
CT -30.200001 m®. At the time of the survey, no reliable
data on the primary focus was obtained.
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Signs of two single metabolically active lymph nodes
in the upper part of the neck on the right were revealed
(Fig. 7).

Afine needle biopsy of a lymph node with a diameter
of 0.8 cm yielded elements of lymphoid tissue without
signs of malignant metastatic lesions. It was concluded
that there were inflammatory rather than tumor changes.
An excisional biopsy of two lymph nodes also showed
no evidence of cancer. REA marker 2.01 ng/ml (normal
value). The patient has no family history of cancer.

Thus, after surgery for excision of a keloid scar, oli-
gometastasis of intestinal type adenocarcinoma (CD7-,
CD20+) was accidentally discovered in the patient. It was
not possible to establish the localization of the primary
tumor using available methods.

The clinical diagnosis is formulated as TxNxpM1
(derma) — ICD-O code: 8140/6.

Considering the local nature of the lesion, it was
decided to limit ourselves to excision of the metastasis
without systemic antitumor therapy and active observa-
tion. When choosing this tactic, the patient’s opinion was
considered. Currently his condition is satisfactory. He
makes no complaints.

Discussion

For a long time, hematogenous metastasis of cancer
cells was considered a disordered process, “the height
of chaos and randomness”. However, back in 1889, the
English surgeon Stephen Paget argued that the spread
of a malignant tumor obeys strict biological laws. He
proposed the “Seed and Sol” theory, according to which
“organs cannot be completely passive and indifferent
to the embolism of cancer cells”. Paget explained it this
way: “When plant seeds are dispersed in all directions,
they can only germinate if they fall on favorable soil” [5].

This metastatic tropism, the “fatal attraction” of cancer
cells to certain organs, remains one of the most intriguing
questions in modern oncology, to which there is still no
complete answer.

Isaac Fiedler, commenting on Paget's theory, said that
“there is nothing random in biology, there are only pro-
cesses that we do not understand” [6]. His work brought
us closer to unraveling the mysterious and complex
mechanisms of tumor metastasis [7].

The implementation of hematogenous metastases
is a planned, targeted and well-prepared biological
process in which not only a malignant tumor takes part,
but also healthy tissues of the body. Metastatic cells
colonize only those organs where a premetastatic niche
has been previously prepared for them (from the Latin
nidus — “nest”) [8,9].

The premetastatic niche is a unique anomalous
biological phenomenon that is designed to facilitate the
adaptation of cancer cells to new conditions of existence.
Without the process of its formation, the likelihood of
metastases occurring is very low.

Niche formation is a multistep and complex process
that begins long before cell colonization. The organs in
which future metastases will develop are primarily ex-
posed to selective influence of extracellular tumor vesicles
and endothelial progenitor cells, which increase vascular

Pathologia. Volume 21. No. 2, May — August 2024



KAIHIYHMM BMNAAOK

Fig. 1. Keloid scar of the neck that arose after surgical treatment of traumatic tissue
damage due to a mine-explosive fragmentation wound.

Fig. 2. Metastasis of adenocarcinoma in the scar against the background of fibrous keloid
tissue (hematoxylin-eosin staining).

Fig. 3. IHC: positive staining of tumor cells with Cytokeratin 20 (DAKO, clone Ks 20.8).
Fig. 4. IHC: positive nuclear staining of CDX-2 tumor cells (DAKO, clone DAK-CD X2).
Fig. 5. IHC: positive reaction in tumor cells Tinto SATB 2 (monoclonal).

Fig. 6. CT scan: there are two metal fragments in the soft tissues of the neck.

Fig. 7. Signs of two single metabolically active lymph nodes in the upper part of the neck
on the right were revealed.
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permeability in tissues, lead to degradation of the stroma
and extracellular matrix, suppression and decrease in the
activity of cells of the immune system [9].

In our observation, the function of a metastatic niche
was performed by a skin keloid scar, which arose after
surgical treatment of a mine-explosive fragmentation
wound of the neck.

Metastases of visceral organ cancer to the skin are
rare. They can develop in the navel in the form of a Sister
Mary Joseph’s knot [10], in surgical scars and in places of
laparoscopic ports [11]. Metastases of pancreatic and co-
lon cancer into surgical scars have been described 1-12
months after operations performed for a benign disease
[12,13]. Metastases to the skin can appear after traumatic
tissue damage, even if this area is located far from the
primary tumor. Late metastasis of colorectal cancer to
the skin of the upper lip of patient 14 was reported [14].

In extremely rare cases, as in our observation, skin
metastases may be the first sign of visceral cancers
(lungs, kidneys, ovaries), which have not yet manifested
clinically [15].

Many evolutionary mechanisms in multicellular or-
ganisms that are involved in the process of rapid repair
of epithelial damage are important for both wound healing
and cancer cell proliferation [16].

Inflammation that occurs during regeneration ap-
pears to transform tissue following traumatic injury into
a favorable microenvironment (“niche”) for cancer cells
and promote tumor growth. This process involves epithe-
lial, endothelial, mesenchymal and immune cells, which
interact through cytokines and growth factor signaling
pathways [16,17].

Macrophages, platelets, neutrophils and myeloid
suppressor cells play a major role in maintaining in-
flammation in the wound [18,19,20]. Subcutaneous fatty
tissue in the wound can also influence tumor growth.
For example, adipocytes play the role of an energy
source for cancer cells by directly supplying them with
lipids [21]. Fibroblasts, which are activated during
inflammation, play a special role in wound healing and
carcinogenesis. Cancer-associated fibroblasts are the
main component of the stroma, providing conditions
for tumor progression [22,23]. These cells produce
the cytokine IL-6, which promotes tumor growth by
stimulating angiogenesis, proliferation and invasion of
cancer cells. Cytokines also have an inhibitory effect
on immune cells, contributing to the formation of a
suppressive microenvironment [24].

Postoperative keloid scar (xnArj — tumor and €50
— type) is an overgrowth of rough fibrous connective
tissue of the skin. Excessively activated fibroblasts play
an important role in the formation of keloids. The same
processes provoke uncontrolled growth and proliferation
of cells in cancer [25]. A postoperative keloid scar with
excess fibrous tissue and excessive collagen deposition
may provide an ideal niche for metastatic tumor cells. Itis
known, for example, that cancer often occurs against the
background of fibrosis, an example of which is hepatoma
growing in a cirrhotic liver.

Biologically, keloid and cancer are very similar. Both
conditions are characterized by uncontrolled proliferation,
progressive growth, invasion of surrounding tissues,
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neovascularization, lack of spontaneous regression, and
extremely high relapse rates [26].

Keloid, like cancer cells, is characterized by the War-
burg effect, which provides increased survival in hypoxic
conditions, as well as other pathophysiological processes,
for example, prolonged inflammation with increased levels
of proinflammatory cytokines and transforming growth
factor-B1 (TGF-B1) [27,28]. Keloid is a niche for stem
cells [29]. However, keloids, unlike a malignant tumor,
do not arise spontaneously and do not metastasize. They
behave like localized aggressive benign skin tumors with
excessive collagen production. There is a hypothesis that
keloids may be one of the manifestations of paraneoplas-
tic tumor syndromes [30].

Overall, parallels between keloids and benign and ma-
lignant mesenchymal tumors exist at the transcriptional,
translational, cellular and tissue levels.

Although there is currently no direct evidence of the
propensity of patients with keloids to develop cancer, one
cohort study conducted in Taiwan found a higher risk of
developing pancreatic carcinomas in people with keloids
compared with the general population. The risk of cancer
in the group of patients with keloids was 1.49 times higher
compared to the control group [30].

Our observation is noteworthy in that the disease
manifested itself as oligometastasis of adenocarcinoma
of unknown primary localization into a post-traumatic
keloid scar.

Approximately 50 % of all cases of prostate carci-
noma are classified as well to moderately differentiated
adenocarcinomas. In 30 % of patients in this group, poorly
differentiated adenocarcinomas or undifferentiated carci-
nomas are diagnosed, in 15 % — squamous cell carcino-
mas, in 5 % — undifferentiated neoplasms. Synchronous
metastases are usually detected in several organs (liver,
lungs, lymph nodes, abdominal cavity, bones and brain)
[31]. Oligometastasis is relatively rare.

In our case, the combination of cytokeratins CK7 (-)
and CK20 (+) could only indicate carcinoma of the upper
or lower gastrointestinal tract. Subsequent staining of
tumor cells for organ-specific markers CDX-2 and Tinto
SATB2 clearly indicated the localization of the tumor within
the gastrointestinal tract, but it could not be detected
using endoscopy and available radiological methods
(CT, PET/CT).

Today, patients with metastatic malignant tumors
of unknown primary location are divided into subtypes
of favorable (20 %) and unfavorable (80 %) prognosis,
depending on which various methods of local or systemic
treatment are used [32]. Patients with oligometastatic
disease belong to a clear favorable subtype [33].

The rule is that oligometastatic disease must be
confirmed by radiological imaging, including PET/CT and
MRI of the brain. In this case, there should be no diffuse
tumor damage to organs (malignant pleural, peritoneal
or leptomeningeal carcinomatosis). The number of
metastases should not exceed five. Observations show
that, regardless of tumor histology and organ affected
by oligometastases, local treatment can be beneficial.
Depending on the clinical situation, surgical removal,
radiofrequency thermal ablation, or radiation therapy
can be used [34].
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These patients may have good long-term survival.
There are no generally accepted recommendations for
further monitoring of patients with oligometastases who
have undergone ablative local therapy.

Since early diagnosis of local recurrence may allow
repeat local treatment, further monitoring with CT or MRI
is recommended at 3-6-month intervals for the first 2
years and then at 6—12-month intervals after 3 years [33].

This observation is of great theoretical significance,
since it demonstrates that the metastatic potential of
a malignant tumor occurs at the earliest preclinical
stages of its development, which once again confirms
the theory of parallel progression of the primary tumor
and metastases, which was proposed by Christoph A.
Klein in 2009 [35].

Conclusions

1. The detection of latent cancer, the first symptom
of which was the appearance of a single metastasis in
an uninfected keloid scar after surgical treatment of a
mine-explosive fragmentation wound of the neck, has
not yet been described in the literature

2. Keloid tissue in the skin, rich in activated fibro-
blasts and collagen, appears to be a convenient target
for adenocarcinoma metastasis

3. This observation raises new questions for fun-
damental and translational research into the process of
hematogenous metastasis of a malignant tumor

Prospects for further research. Prospects for further
research are to study the influence of military trauma and
wartime carcinogens on the risk of developing cancer in
military personnel and the civilian population of Ukraine.
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