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NMaTtoreHeTnuHi ocobausocTi ekcnpecii iNOS
y 6a3anbHOMY MarHoLEAIOAAPHOMY AAPI LLypiB
Ha TAi eKcnepuMeHTaAbHOI HeUpoAereHepaLuii

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 eKCrepUMEHTarbHIN KONXiLMH-IHAYKOBaHil HermpoaereHepalwiii.

Marepianu i metoam. locnimxeHHs 3aiicHnnmn Ha 30 wypax-camusax niHii Wistar. Ha nepluomy etani ekcnepymeHTy YacTuHi
TBapuH (n = 10) 3mogentoBany KOrHiTBHI NOPYLLEHHS 32 AOMOMOTOH) iHTpaLEepebpOBEHTPUKYNSIPHOTO BBEAEHHS KOMXILWHY.
[MopiBHSHO 3 rPYMOK0 NCEBAOONEPOBAHMX Ta IHTAKTHUX TBAPWH AOBENY BanifHICTb MOAENi 3 BUKOPUCTaHHSAM BOCbMUMIIEHOBOTO
papgiansHoro nabipuHty LE760 (PanLab Harvard Apparatus, Spain). Hagani TBapuH eBTaHasyBanu TiONEHTaNoOM Hatpiio i
BUMNyYasm rofloBHUIN MO30K Ansi FICTOXIMIYHMX, iIMyHOhIyOpecLeHTHUX | BiOXiMIYHMX JOCTimKEHb.

Pesyabtatn. BcTaHoBneHo, WO iHTpaLepebpoBEHTPUKYNAPHE BBEAEHHS KOMXILMHY MOPIBHAHO 3 iHTAKTHUMMW Ta NCEBAO-
ornepoBaHUM TBApUHaMU NPU3BOAUTL A0 MOPYLUEHHS FCTOAPXITEKTOHIKM B B6a3anbHOMY MarHOLIEMoNApHOMY SApI LLYpIB i3
[OCTOBIPHIM 3MEHLLEHHAM MIIOLL pevoBuHM Hicens B HelipoHax Ha 47,3 % i 35,9 % signosigHo. Mpu LiboMy piBeHb HITPUTIB Y
roMoreHaTtax rofloBHOrO MO3Ky TBapyH 3 eKCriepYMEHTaNbHOI0 HeipoaereHepaLlieto NepesyLLyBaB MOKa3HMWK FPYM MOPIBHAHHS
maixe B 10 (iHTakT) i 7 (NceBpoonepoBaHi Lypwu) pasie. Y pesynbrati iMyHonyopecLEeHTHOrO AOCHIZKEHHS 0COBNMBOCTEN
ekcnpecii INOS B 6a3anbHOMy MarHoLentonspHOMYy SApi LYpIB 3 iHTpaLepeOGpOBEHTPUKYNSIPHAM BBEAEHHSM KOMXILWMHY No-
PIBHSIHO 3 iHTAKTHUMM Ta NCEBAOONEPOBAHNMM TBAPUHAMM BCTAHOBWIM AOCTOBIPHO GiMnbLUMI NOKa3HWK CyMapHOT KOPUToBaHOI
KniTuHHOT cpnyopecueHuii Ha 22,7 % i 45,3 % BiANoBiaHO. BUsSiBUMKM TakoX, L0 ekcrnepuMeHTanbHa KOnXilmH-iHaykoBaHa
HelipofereHepaLlist CynpoBOMKYETLCS AOCTOBIPHO GinbLUOK KinbkicTo INOS* kniTH y 6azanbHOMy MarHoLEenonsapHoMy sapi
MOPIBHSIHO 3 rpynamMmu KOHTPOSHO.

BucHOBKM. IHTpaLLepebpOBEHTPUKYNSIPHE BBELEHHS KOMXILIMHY EKCMEPUMEHTANBHUM LLypaM ClIPUYMHSIE MOPOOTiYHI 03HAKM
HelipogecTpykuii B 6azanbHOMy MarHoLentonspHoMy siapi Ha Tni HiTposaTueHoro ctpecy. Ekcnpecis iNOS y wypis nicns
iHTpaLepeBbpOBEHTPUKYNSPHOMO BBEAEHHS KONXILMHY B KiiTUHaX 6a3anbHOro MarHOLENIoNApHOro Sapa XxapakTepruayeTbes
GinbWKYM BMICTOM (HEPMEHTY MOPIBHAHO 3 IHTAKTHUMU Ta MCEBA0OONEPOBaHUMU TBapUHamu. MnoLa iMyHONO3UTUBHMX
KNiTUH He Mana CTaTUCTUYHO 3HaYyLUMX 3MiH Y Pi3HMX rpynax AOCMiAKeHHS. IHTpauepebpoBeHTPUKYNSpHE BBEAEHHS
KOMNXiLMHY eKCriepUMEHTaNbHUM Llypam CpUYMHIANO 30iMbLUEHHS KinbKOCTi iMyHOMO3UTUBHUMX KniTuH 0 INOS y 6a3ansHomy
MarHoLentnapHoMy 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 Nissl 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 NMOrNMONeHHs hyHAaMEHTanbHUX
ysIBNeHb NPO NaTonorivyHi NPOLECH, L0 NexaTb B OCHOBI
3arvbeni HEMPOHIB NPU HW3L HEMPOAECTPYKTUBHMX 3a-
XBOPOBaHb: XBopobi AnbLreiiMepa, xBopobi MNapkiHcoHa,
(POHTO-TEMMOPASIbHIA AeMeHLUiT Towo. HuHi ogHum i3
HanKpaLLmx iHCTPYMEHTIB ANs LbOro € MOAENbHi ekcre-
PUMEHTMN Ha TBapuHax.

Cepen BENUKOT KinbKOCTI Nigxopis 40 BiATBOPEHHS
HempoaecTpykLii B nabopartopHux ymosax [1] ocobnuse
MiCLie HanexmTb iHTpaLepebpoBEeHTPUKYNSPHOMY BBE-
Aentio (ILB) konxiuunHy focnigHum TBapuHam [2]. Tak,
noKasaHo, LLIO XONiHepPriYHi HEMPOHW BEHTPOMEianbHO-
ro nanigymy, Bifomoro sik 6azansbHe MarHoLentonspHe
anpo (BMA), abo aapo MeliHepTa, YyTnuBi 0 LbOrO
HenpoToKcuHy [3]. ocnigkeHHs mexaHi3aMiB Henpoge-
CTPYKLUii came B L 4iNsiHLi FONIOBHOMO MO3KY € LiiKaBuM,
OCKINbK/ BOHA, NO-NepLUe, € BaXNUBUM AXKEPENOM
aueTMNXoniHy B HeokopTekci [4], a oTxe Gepe yyacTb
y perynsuii BULLMX KOTHITUBHWX PYHKL [5,6]; no-apy-
re, HelmpogereHepauist B LbOMy SiApi NOYNHAETLCS L
Ha AOKMiHIYHIN cTadii xBopobu Anbureiimepa [7]. Lle
06rpyHTOBY€E NaTOreHeTUYHY porb 3armbeni HeipoHiB
BMA y nporpecyBaHHi AeMeHLii.

BaxnmBum MexaHi3aMoM, Yepes SKWii KONXiunH pea-
ni3ye CBOI HEMPOTOKCUYHY [it0, € Hermpo3ananeHHs [8].
BoaHouac Yepes B1COKY MeTaboniyHy akTUBHICTb HEMpPO-
HiB y poni MeziaTopiB BTOPWHHOI ansTepaLlii npy Takomy
3anarneHHi Ha NepLUMi nnaH BUXOOsATb aKTMBHI hopmu
KCHIO 11 @30Ty 3 HACTYMHUM PO3BUTKOM OKCUAATUBHOIO
Ta HiTpo3aTuBHOrO cTpecis [9].

IMpoBigHy ponb y rinepnpogykuii okeuay asoty (NO) 3
HacTynHUM yTBopeHHsM nepkeuHiTputy (ONOO-) Bigirpae
iHoyunbenbHa isodopma cuHTasm okeugy asoty (iNOS,
a60 NOS2). BoHa moxe npogykysatvt NO y mikpomonsip-
HUX KINbKOCTSIX, Ha BiAMIHY Bif KOHCTUTYTUBHWX i30pOpM
cuHTasn okengy asoty (NNOS Ta eNOS), Lo npoaykyoTb
1noro y HaHomonspHux kinbkoctsx [10]. Y pesynerarti
YTBOPEHUIA NEPOKCUHITPUT iHOYKYE NEPEKNCHE OKWCHEHHS
ninigis, 3amyckae NPOLECH S-HITPO3WITIOBAHHS LIMCTETHY
Ta HITPYBaHHS TUPO3VHY, MOPYLLYIOYM IHTPaHENpPOHanb-
HWiA NpoTeocTas Ta akTuBytoun Ca?'-3anexHi MexaHiamm
HempoHanbHoi 3arnbeni [11]. Baxnusum GionoriyHnm
acnektom Aii NO € 1oro KopoTka TpvBarnicTb iCHyBaH-
HS, @ OTKe 34aTHICTb peanisyBaTy CBOI eekTv nue
napakpuHHo [12]. Lie cakt obmexye MeTogonoriyHi
nigxoam y pocnimxeHHi natoreHeTnyHoi poni iINOS y
HenpodecTpyKLii OKpeMUX 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 KOHKPETHIl cTpyKTypi. Lie cnpusie poswmpen-
HIO Cy4aCHWX HayKOBUX AaHUX MPO MaToreHeTUYHy porb
iNOS i HiTpO3aTMBHOMO CTpecy B eKcrnepyMeHTanbHil
HempogecTpykuii BMA.
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MeTta pobotu

CxapakTtepuayBaTu ocobnusocTi ekcnpecii iNOS y
HelipoHax 6a3anbHOro MarHOLENNAPHOro sapa Ha T
HITPO3aTUBHOIO CTPECY NpY eKCepUMEHTaNbHiIN Konxi-
LMH-iHYKOBaHIN HenmpoaereHepadlii.

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 filePXaBHOr0 MeayKo-(hapMaLIeBTU4HOTO YHIBEPCUTETY.
[locnimkeHHst cxBaneHo Komicieto 3 nutaHb BioeTuku
3anopi3bkoro AepxaBHOTO Meanko-thapMaLeBTUYHOTO
yHiBepcuTeTy. i yac poboTv 4OTpMMYBaUCs HaLlioHarnb-
HUX «3aranbHUX eTUMHWX MPUHLMNIB MPOBEAEHHS excre-
pUMEHTIB Ha TBapuHax» (YkpaiHa 2001), Lo yaromkeHi 3
JOvpekTtueoto 2010/63 €C €Bponelicbkoro napnameHTy Ta
Papw Bin 22 BepecHs 2010 poky «[po 3axvCT npas TBapyH,
LLI0 BUKOPWCTOBYHOTBCS ANS HAYKOBUX LIiNEny.

[ns DOCSIrHEHHS1 NOCTaBNEHOI METU BUKOPUCTANM
(yHKLiOHaMbHiI, FiCTOXiMiYHI, iIMyHODyopecLeHTHI Ta
BioxiMi4Hi METOAM AOCHIIKEHD.

EkcnepumeHTanbHuX TBapuH noginunu Ha 2 rpynu. Y
nepLin rpyni — 10 TBapwH, SiKi chopmyBanu rpyny iHTaKTy.
Y apyrin rpyni (n = 20) 34iNCHUNK BXiOHE AOCHIMKEHHS
NOKOMOTOPHOI aKTUBHOCTI Ta KOTHITUBHWX (PyHKLIN 3a
[LOMOMOroK TECTY «BiAKPWTE More» Ta anapaTHoro
KOMMIEKCY, LLO BKMOYAB BOCBMUMNEYOBUIA pagianibHUi
nabipuHT LE760 (PanLab Harvard Apparatus, Spain) Ta
kamepy SONY (Japan) 3 nporpamoto aHani3y Bigeodan-
niB Smartv.3.0 (PanLab Harvard Apparatus, Spain) (s/n
DD347-0E6). Micns uporo TBApUH ApYroi rpynu No4inunm
Ha nigrpynu: 2a (n = 10) — rpyna KOHTPOMo, KM Mg
TenasonoBUM HapKO30M iHTpaLepebpOoBEHTPUKYNSPHO
BBoamnu disionoriyHnin 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 JIokOMOTOPHOI aKTUBHOCTI Ta KOTHITUBHUX
hyHKLUIN TBAPWH i3 migrpyn 2ai 26. Y pe3ynbrati BUSBUNM
MOTipLUEHHS KOTHITMBHUX (DYHKUIA Yy nigrpyni 26 oo
MOKa3HWKIB LLYPIB i3 rpynu KOHTPOMH. Y Takuii cnocid
[oBefieHo BanigHicte mogeni [13].

3 eKcrepuMeHTY TBapWUH BUBOAWIM LUMISIXOM OfHO-
MOMEHTHOI AekaniTauii nig TioneHTanoBnM HapKo3om
(TioneHTan Hatpito 120 Mr/kr BHYTPILLHLOYEPEBUHHO).
lMoTiM y LypiB BUNyYanu ronosHWA Mo3ok. [Micns cTak-
JapTHoi rictonoriyHoi 06pobku (dhikcauis, Aeriaparauis
Yy BUCXIZHUX KOHLIEHTpALlisiX eTaHOMy, PO34MHax ETaHoMy
100 % i3 xnopodpopmom y criBBigHoLWeHHsX 2:1, 1:1, 1:2,
ynctomy xnopochopmi Ta xnopochopmi 3 napannactom)
3pasku 3anmsamu B napannact (MkCormick, CLUA). Ha
mikpoTomi «Microm-325» (MicromCorp., HimeyunHa)
i3 BUrOTOBNEHUX GMOKIB roTyBanm CepiHi 3pian Mo3ky
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(3aBTOBLUKM 7 MKM). TornorpadiuHo AiNsHKK 3pisy, WO
Bignosiganu BM#A, ineHTudikyBanm 3a ctepeoTakCu4HUM
atnacom Mo3ky Liypa [14].

[na BM3HAYEHHs NoLLi xpoMaddiHHOI cybcTaHLii B
HerpoHax BMA 3pjicHunu rictoxiMmiuHe 3abapBneHHs
pevoBUHOK Hiccns cepiliHuX 3pisiB roNOBHOMO MO3KY
[15]. Hapani npoaHanisysan y BUAMMOMY CMEKTpi Ha Mi-
kpockoni «PrimoStar» (Carl Zeiss, HimeuunHa) 3 kamepoto
«AxioCam 105color» (Carl Zeiss, HimeuumHa). OTpumaHi
B pe3ynbraTi Mikpockonii 306paxeHHst aHani3ysanum B
nporpami ImageJ (National Institutes of Health, CLLA). Ha
MikpodhoTorpacisix npenaparis y HaniBaBTOMaTU4HOMY
peXuMi BU3HaYanv nnoLly pe4oBuHK Hiccns B HelpoHax
BM#A, sk nokasaHo Ha puc. 1.

Ocobrmsocri exkcnpecii INOS y HerpoHax BMA BreYa-
v iMyHOryopecLeHTHUM MeTogoM. [Ins Lboro ricTono-
rivHi 3pisu AenapadpiHyBany, perigpysany Ta fjeMackysanu
B PT-mopyni (Thermo Fisher Scientific, CLLIA) y untpatHo-
My BycpepHomy poaumHi (Thermo Fisher Scientific, CLLUA).
[Ticns Luporo HaHOCKNK BiANOBIAHI MOHOKITOHANbBHI MULLIAY
aHTuTina, koH'toroaHi 3 FITC (SantaCruz Biotechnology,
USA), BignoBiaHo A0 iHCTpyKLii Bupo6Huka [16].

IMyHObRyopecLeHTHe JOCNIMKEHHS 34iINCHUNN B
yneTpadioneToBoMy cnexkTpi 30ymKeHHs 3a JOMNOMOroH
cBiTnoginstpa 38HE 3 BMCOKOK eMiCieto Ha Mikpockoni
«Axiolmager-M2» (Carl Zeiss, HimeyunHa) 3 kamepoto
«AxioCam-ERc 5s» (Carl Zeiss, Himeyunna). Mikpodo-
Torpadii, WO ofepanu, Takox aHanidyBanu B Imaged.
O6paxyBanu Taki NoOKasHWKu:

— CKOpUroBaHy 3ararnbHy KIiTUHHY hryopecLieHL;to
(corrected total cell fluorescence, CTCF), wo xapak-
Tepu3yBana BMICT iMyHOpPeakTUBHOIO MaTepiany B
KNiTuHi. Bupaxanu Lei nokasHWK B yMOBHUX OAUHULSAX
imyHodpnyopectieHLii (Op, m) Ta obpaxoByBanu 3a opmy-
noto: CTCF = 1D, - (S x ID,), ae ID, — napameTp iHTerpo-
BaHOI LLiNbHOCTi iIMyHOMO3WUTVBHOI KIMITVHW, aBTOMAaTU4HO
BM3HAYEeHWI NporpamMoto, S — nnoLla iMyHOMO3UTUBHOI
KniTUHY; D, — NOKa3HMK IHTErpOBaHOT LLINBHOCTI POHY
(kniTHK, WO He Mana BUAMMOT prnyopecLeHLii);
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— KiNbKiCTb iIMyHOMO3UTMBHWX KMiTUH Y 3pi3i MO3KY B
30Hi iHTEpecy.

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

Yci ekcnepumeHTasnbHi AaHi onpauroBanu, 3acTo-
CyBaBLUW NaKeT NPWKINafHWX i CTaTUCTUYHUX Nporpam
Statistica v.13 niuensis Ne JPZ8041382130ARCN10-J i
Microsoft Excel 7.0 (Microsoft Corp., CLUA). MepeBipky
HOPMarnbHOCTI PO3NoAiNy AaHuX y BMOIpLI BUKOHaM 3a
kpuTepiem LWanipo-Binka. [ing BUSIBNEHHSA 4OCTOBIPHOCTI
BiOMIHHOCTel pe3ynbTaTiB AOCiAXeHb MiX ekcrepymeH-
TanbHUMU rpynamu LypiB BU3HauMnu koediuieHT CTbto-
feHTa (t) ans Bmbipkw, Wo Bignosigana HopMarnsHOMy
3aKOHY pPO3MoAiny AaHuX, a TaKoX KpuTepi MaHHa—BiTHI
(U) onsa Bubipkun, B sKill AaHi He BianoBiganu 3akoHy
HopManbHoCTi po3noginy [18].

Pe3yabTatu

Y pesynbrati 4OCRiMKEHHS BCTAHOBUMM OCOBIMBOCTI
HelpoaecTpykTBHOro BnnwBey LB konxiuvHy Ha Hen-
poHn BM#A Ha hoHi 3MiHW piBHS HITPWTIB Y roMoreHaTax
ronoBHOro Mo3ky Ta xapaktepy ekcnpecii INOS. Tak, Ha
npenapatax bM{, 3abapeneHux Ha pevoBuHy Hiccns,
y wypie nicns ILB konxiuuHy (niarpyna 26) BidyansHo
BW3HAYEHO MOPYLLUEHHS TICTOAPXITEKTOHIKN CTPYKTYpH,
30Kpema 3'ABunacs Benmka KinbkicTb ApiOHUX iHTEHCWB-
HO 3abapBneHMX Tinewb i NOPOXXHWHU HABKOMO HUX, a B
3paskax Bif iHTaKTHUX (rpyna 1) i nceBpoonepoBaHnx
(nigrpyna 2a) TBapuH Taki 03HaKN He BUSIBUNK (puc. 2).

O6’ekTnBHO y HempoHax BMA wypis nigrpynu 26
BW3Ha4eHO JOCTOBIPHO MEHLLY NAOLLy 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 NCeBA0ONEPOBaHMX LLYPIB CTAaTUCTUYHOI
pi3HULi 3a LM nokasHuKoM He Byro (puc. 3).
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peyoBuHM Hiccns B nporpami uudpoBoro
aHanisy 3obpaxeHHs ImageJ.
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McespooneposaHi LB konxiLmHy

Lypu

Taka mopdponoriyHa KapTvHa B rpyni 26 Bu3HaveHa
Ha (POHi CTATUCTUYHO 3HAYYLLIO BiNbLUMX MOKA3HUKIB PiBHS
HITPUTIB Y roMoreHaTax rofloBHOrO MO3Ky MOPIBHSHO 3
rpynoto 1 i nigrpynoto 2a (maibke B 10 i 7 pasis Bigno-
BiZHO). Pa3om 3 Tvm, 32 BMICTOM HITPWTIB rpynut iHTaKTy
11 NCeBLOONEPOBaHYIX LLYpIB He BiapisHAnucs (puc. 4).

Y pesynetarti iMyHOyopecLeHTHOro aHanisy ekc-
npecii INOS y HelpoHax BMA BrsiBunm nesHi ocobnmeoc-
Ti B eKCrepuUMeHTanbHUX rpynax wypis (mabrn. 1, puc. 5).

Tak, nnowia iMmyHonoauTtueHUx knituH o iINOS po-
CTOBIPHO He BiApi3HAnacs 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;
YepBOHa CTpinkKa: NOPOXHWHA HABKOMO LLiNbHO 3abapBreHuX Tinewp.

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

Puc. 4. BMICT HiTpUTIB y roMOreHaTax rorloBHOTO MO3KY LLYPIB 3 eKCrepUMEHTanbH1X
Tpyn. *: OCTOBIPHA Pi3HNLA LLOAO0 NOKa3HMKa IHTaKTHUX TBapuH (p, < 0,05): #: BiporigHa
pi3HMLA WOAO NCeBaoonepoBaHiX TeapuH (p,, < 0,05).

o
IHTaKT lMceBpoonepoBaHi Lypn ILIB konxiumHy
Ipyna

i3 TM BCTaHOBUNK, WO nokasHuk CTCF y rpyni TBapuH 3
IL|B komXxiLmHYy MakcuMarnsHuiA, LOCTOBIPHO NepeBuLLYBaB
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, Lo KinbKiCTb KMiTUH,
ski ekcnpecytotb INOS, y rpyni 1 (iHTakTHI) i nigrpyni 2a
(nceBOoONEPOBaHi) CTAaTUCTUYHO He BigpisHanacs. Y
nigrpyni 26 (ILIB konxiuyHy) KinbKicTb KNiTWH, iMyHOMO3u-
TmBHUX 0 INOS, LOCTOBIPHO NEpeBULLYyBana BiAMoBiaHNIA
nokasHuk rpynu 1 Ha 50 %, nigrpynu 2a—Ha 100 % (puc. 6).
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Puc. 5. Excnpecist INOS y HelpoHax BMA Lypis ekcriepumeHTanbHix rpyn. PeakLis 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 excriepuMeHTanbHuX rpyn y 3piai rofoBHOTO Moaky. *: 4OCTOBIPHA PisHNLS WOAO MokasHIKa iHTaKTHUX TBapuH (p,, <0,05); #: BiporigHa

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

OpwuriHaAbHiI AOCAIAXKEHHS

KinbkicTb kniTuH
[«>]

-

: €T

i

IHTaKT lMNceBaoonepoBaHi Lypu
Ipyna

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

InTakT (rpyna 1) MceBnoonepoBaHi 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 ocobnmeocTi ekcnpecii INOS y HelipoHax
BM# ekcnepymeHTanbHUX LLypis.

lcToximiyHe 3abapeneHHs 3a Hiccnem e gocutb
MOLWMPEHNM METOAOM Bi3yanbHOMO OLiHIOBAHHSA Hen-
ponereHepalii, 3okpema npu ILIB konxiunHy ekcnepu-
MeHTanbHuUM wWwypam [19]. Tak, BigoOMO, LLO TUMNOBOK
MOpPONOriYHOK 03HaKOK [AereHepauii HEMPOHIB Y
3pi3ax MO3Ky, siki 3abapBneHi 3a MM METOAOM, € HasiB-
HICTb 3MOpLLEEHNX aHOMASTbHO TNEPXPOMHUX Tinelb, a
cami HeWpoHu HabyBatoTb kyTacToi dhopmu. Kpim Toro,
BM3HaYatoTb BTpaTy cybcTaHuii Hicens y HelipoHax, Wwo
fereHepytoTb. Lli xapaktepucTukm gonomaratoTb YiTko

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

BiOPI3HNTM Taki HEPOHM Big HopManbHux [19,20]. OTxe,
KpiM Bi3yarnbHOro OLiHIOBaHHS, Liei cnocio rictoximiy-
HOro 3abapBneHHs Jae 3mMory 06'eKTMBHO BU3HAUUTM
HempoaereHepaLito Ha NigcTaBi METPUYHMX NMOKA3HWKIB.
Lle cnoctepiranu nig yac AOCNIMKEeHHS, sike 3aincHUNK,
Ta NiagTBEPMAXXEHO pesyrbraramu iHLWMX yyeHux [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 HITPO3aTUBHOTO CTPECY Y HayKOBi Niteparypi
onucaHa HefoCTaTHbO.

Y UbOMY KOHTEKCTi 3ayBaXKMMO: SKLLO 25 pOKiB TOMY
NUTaHHS LLOAO EKCNPeCii LIboro (hepMeHTY B FONOBHOMY
MO3KY IHTaKTHUX TBapWH 6yno AuckyTabenbH1M, OCKinbKi
OKpeMi JOCNIAHNKM Y HepOHaX KOHTPOMbHWUX TBAPUH
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He BusBNAnW imyHodnyopecueHuito Ao iINOS Ha ¢oHi
MiHiManbHoi 6asaneHoi ekcnpecii MPHK ta camoro Binka
(ouiHeHi MeToOoOM MoMiMepasHoi NaHLIroBOI peakLii Ta
BECTEPH-6NOTTWHrY BiANoBiAHO) [23], TO HWHI BUSBNEHO
€H31M y rOfIOBHOMY MO3KY 340POBUX TBapuH, 6a GinbLue,
nokasaHo 36inbLueHHs ekcnpecii INOS 3 Bikom [24]. OTxe,
BiK TBapuHM BNnMBae Ha ekcrpecito iINOS.

Kpim Toro, cnig 3BepHyT” yBary Ha HeO4HOPIOHICTb
nonynawii iMyHOMO3UTUBHUX HEMPOHIB 338 NMOKA3HWUKOM
nroLwi B yCiX ekcrnepumMeHTanbHux rpynax (mabn. 1).
TpaguuinHo BBaxanw, Wwo 3a ekcnpecito iINOS Bignosi-
[,al0Tb MEPEBAXHO MIKPOrmianbHi KMiTUHW, ANS SKUX Xa-
pakTepHi Mani po3mipy NOPIBHSAHO 3 HeipoHamu [25,26].
[aHi, Wwo HaBeaeHi B L poboTi, NiATBEPAKYOTL 3any-
YeHicTb 7o ekcnpecii INOS Lwmpokoro cnekTpa KniThH 3a
NOKa3HWKOM MIIOLLi B YCiX eKCNepUMEHTaNbHKX rpynax.
Lle moxe cBiguMTW NPO HAsIBHICTb LibOr0 PEPMEHTY i B
rnianbHUX KniTuHax, i 6eanocepeaHLo B HelpoHax. Mo-
LiBHI pe3ynsTaT ogepxany iHLwi BYeHi, 3MOAentoBaBLLn
xBopoby AnbLreiimepa y wwypis [27]. Pasom i3 Tum, npu
mopentoBaHHi xBopobw MapkiHcona M. Bortolanza et
al. He BusABMIM INOS* HelipOHiB, BU3HAYMBLUMN TiNbK
rnienofibHi KNiTMHYK, WO ekcnpecyBanu e dhepMeHT
[28]. Taki po3biXHOCTI pe3ynbTaTiB MOXYTb CBiAUATU
npo NeBHy crneundiYHIiCTb naTepHy KNiTUH rofioBHOTO
MO3KY, Lo 3any4eHi go ekcnpecii iINOS y Bignosigb Ha
Pi3Hi HEMPOAECTPYKTVBHI areHTu.

3ayBaxumo, Lo y wypis nicns IL|B konxiuuHy nopie-
HSIHO 3 IHLUMMM eKCnepyMEHTarnbHUMI rpyrnamm iCTOTHe
NiABULLEHHS PIBHA HITPUTIB Y roMoreHatax rofloBHOro
MO3KY BU3HAYa€ETbCS He TiMbKN HAAMIPHOK eKCrpecieto
iINOS, ane 11 36inbLueHHsM kinbkocTi INOS* kniTuH y BMA.

BucHoBKU

1. IHTpauepebpoBEHTPUKYNAPHE BBEAEHHS KO-
NXiUWHY eKcnepuMeHTanbHUM LypaM CrpuyvHSE
MOpPCOIOriYHi 03HaKN HEMPOAECTPYKLIT B GazansHoMy
MarHoLentonspHoMy siApi Ha Tri HITPO3aTUBHOTO CTPECY.

2. Exkcnpecis iNOS y wypis nicnsa iHTpauepebpo-
BEHTPUKYMSPHOrO BBEAEHHS! KONMXIiLWHY B KniTuHax Ga-
3anbHOr0 MarHoOLIEMoNSAPHOTO SApa XapakTepuayeTbes
BinbLUMM BMICTOM PEPMEHTY MOPIBHAHO 3 IHTAKTHUMU
Ta nceBoonepoBaHMMy TBapuHamu. [Mpu oMy nnowla
iMYHOMO3UTUBHMX KMITUH HE Mara CTaTUCTUYHO 3HaYYLLVX
3MiH Yy Pi3HUX rpynax JOCMimKEHHS.

3. IHTpauepebpOBEHTPUKYNSIPHE BBEAEHHS KOMXiLy-
Hy eKCnepYMEHTaNbHIM LLypam CrpUYMHUINO 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 cepLieBy GYHKLiIO B NALIEHTIB i3 HEAAKOrOAbHOKO YXMPOBOIO
XBopo6oto neviHku Ta pibpuaaLieto 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 Ansl YCyHEHHS! CMIMbHIX MaTOreHETUYHNX TaHOK. B ocHoBi nikyBaHHs HAXKXIT — 3amiHa cnocoby
XKUTTS1 Ta KOPEKLISt Macy Tina, a MeHemKMeHT chibpunsLii nepencepab GokyCyeTbCs nepenycivm Ha aHTUKOarynsiLii 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 ¢hibpunsiuieto nepeacepab.

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

Pe3syabratu. Po3nogin 3a BikoM i CTaTTO CTAaTUCTUYHO OAHOPIAHWIA Y TPLOX rpynax 06cTexeHmx. Lie cainuuTb, Lo npoLiec paHaoMmi-
3auji yeniuHo 36anaHcyBaB AemorpadiyHi xapakrepucTuku. [MapokcuamansHa hopma ibpunswii nepeacepap HannoLwmMpeHiLa
B yCiX rpynax, Aani — nepcucTytoda Ta noctiHa hopmm cpibpunsuii nepescepab, 63 CTaTUCTUYHO 3HaYYLLMX BIAMIHHOCTEN MiX
rpynamu. Y pesynsrari AOCTIIKEHHS BUSIBANM 3MEHLLIEHHS (hibpo3y neviHku B yCix rpynax, 1y rpynax 2 i 3 BU3Ha4yeHo HaricToTHiLLe
BiporigHe 3ameHLweHHs. CTagii dibpo3y Takox 3MiHUNMCS Nicns NikyBaHHs; y rpyni 3 BCTAHOBNEHO BiporifHe 3MEHLLUEHHS Nporpe-
cvBHOT chopmu hibpoasy. Y rpynax 2 i 3 BUSHa4YUIN iCTOTHE 3HWKEHHS PIBHS CTEATO3Y, @ Takox 30iNbLuniacs YacTka nauieHTiB
6e3 creatoay. [iameTp NniBoro nepeacepas 3MEHLUMBCS B YCiX rpynax, y rpyni 3 3adikcoBaHO HaBINbLL 3HAYYLLE 3MEHLLEHHSI.
®pakuis BUKuaY NIBOTO LUMYHOYKA NOKpaLLMnacs B yCiX rpynax, HanicToTHiLLe 3BinbLueHHs — y rpyni 3. Y wii rpyni 3acikcoBaHo
MOKpAaLLeHHs! AiaCTOMIYHOrO HAMOBHEHHS Ta TUCKY HaMOBHEHHS MIBOrO LUMyHOUKa. 3aranom komMBiHOBaHa cxema nikyBaHHS B
rpyni 3 Mana HaCnpuATAMBILLMIA BMNMB HA CTPYKTYPHO-CPYHKLIOHANBHI NapameTpy NeYiHKM Ta cepus.
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OpwuriHaAbHiI AOCAIAXKEHHS

BucHoBku. [JopasanHs YOXK i kBepueTMHY [0 CcTaHZapTHWUX cxeMm nikyBaHHs HAXKXTT i coibpunsuii nepencepab cnpusie
NOKPALLEHHIO CTPYKTYPHO-(DYHKLIIOHANbHWX 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.
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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 QA2WSWS3QTR5TG6Y7TGBRF59JUY7H).
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

e eopieen e (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

s Post treatment
A%, p

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

E/e' ratio Pre treatment

Post treatment
A%, p

4.16 (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

ISSN 2306-8027 http://pat.zsmu.edu.ua

103



104

Original research

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
KnacudikauisiMi, MOXHa 3 BUCOKOK TOYHICTIO Nepeabaumtit MopdhonorivyHniA iarHo3 KonopekTanbHUX HOBOYTBOPEHDb. Be-
TIMKUIA PO3MIp | HEPIBHA NMOBEPXHS YTBOPEHHS CYTTEBO YCKNAAHIOKTL PETENbHWIA OrNsa, @ PYyTUHHY Bioncito BCe Lue LnpOoKOo
3aCTOCOBYHOTb Ha NpaKTULi, He3Baxato4u Ha ii Hegoniku. Lle 3yMmoBnoe HEOOXIAHICTb MOPIBHAHHS pe3ynbTaTiB ONTUYHOI Ta
LuMnUeBoi Bioncii, a TakoX BU3HAYEHHS! AOUINbHOCTI BUKOHAHHSA OCTAaHHBOT Af1S1 Pi3HUX TWMIB HOBOYTBOPEHb TOBCTOI KMLLKM,
LU0 NoLUMptooTLCS nateparnbHo (LST).

MeTa po60Tu - NOPIBHSITM EHAOCKOMIYHO BUSHAYEHMI IMKOBWIA NaTEPH i CYAUHHMIA PUCYHOK i3 NATOMCTONOMYHUMM 3HaXiaKkaMu
y LST, BU3Ha4nTV AjarHOCTUYHY TOYHICT METOAMK ONTUYHOTO OLIIHIOBAHHS Ta WUNLEeBoi Gioncii. OLHATY 3B'S30K MiXX pO3MIpoM,
MOPEOMNOriYHAM TUMOM YTBOPEHb | HASIBHICTIO 3MOSKICHUX 3MiH.

Marepianu i metopu. Mig yac gocnimkeHHs sreunny 80 LST 220 mm. [Ing 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 onTtuyHoi Gioncii Ta
naToricToNoriYHoro AOCHimpKeHHs WmnueBoi Bioncii nopiBHIOBaNM 3 AaHUMK NATOMCTONOMYHOTO AOCHIKEHHS BUAANEHUX
LST. CratucTtuuni 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. Mepniana piametpa ctaHosuna 20 mm (IQR, 20; 25) i 40 mm (IQR, 25; 50); nokycu ageHokapuyHomm BussneHo y 10 %
i 32 % BUNapKiB y NepLuiv i Apyrin rpyni BignoigHo. BusHaunnm kopensuiHi 38'a3kv Mix nokanisauieto i niatunom LST, mix
HasIBHICTIO 3MOSKICHWX 3MiH, PO3MiPOM i MOPPONOriYHUM TUMOM YTBOPEHb. 3icTaBHi noka3Huku vytnveocTi (80,0 % /81,8 %
y nepwin i 76,7 % / 80,0 % y apyrii rpyni), giarHoctnyHoi TouHocTi (93,3 % ans obox metoais y nepuwit 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-BiNbO3HOI afeHOMM Ta BEMUKAM
pO3MipoM YTBOPEeHHs!, a Benuki LST € yacrTiwe TyByno-Binbos3Hnmy ageHomamu. OnTuyHa Ta wunuesa Bioncis Mae BuLLy
TOYHICTb AN HerpaHynsapHoro Tuny LST nopieHsHO 3 rpaHynsipHum. LLunuesa Gioncis He mae nepeBar nepes ONTUYHOK 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 MiACnNM30BUiA LLAp MOPIBHSHO 3
MoninonogibHUMM yTBOPEHHAMM; BU3HAYeHa TEHAEHLS
[0 X NOLUMPEHHS NO MOBEPXHi CTiHKWA TOBCTOI KULLKK. Y
pa3i 36inbLUeHHs IXHBOrO PO3MIPY MIABULLYETHCH PUBNK
[OVCNNAacTUYHMX 3MiH | ManirHisaLlii, KW TakoX 3anexuTb
Bif nokanisauii Ta MakpoCKoMi4HO-MOPOMOriYHOTO TUMY
LST [1].

Bpaxosytouu, Lo 4OBPOSKICHI HOBOYTBOPEHHS TOB-
CTOI KULLKK 30e6inbLIoro 6e3CMNTOMHI, a KOMM' HOTEPHA
Tomorpadis Ta ynbTpa3BykoBe OOCMIAKEHHS MatloTb
HU3bKY YYTNMBICTb LWoAdo AiarHocTukm LST, ockinbku
BOHW HE MatOTb TKAHUHHOTO KOMMOHEHTA, siKWiA nponabye
Y MPOCBIT KWLUKWA, TO OCHOBHUM [iarHOCTUYHUM METO-
[OM € CKpWHIHIrOBa KonoHockonis. BigeokonoHockonis
XapaKTepu3yeTbCst BUCOKOK PO3AINbHOK 34aTHICTHO
306parkeHHst; poboye CKPUHIHIOBE ONTUYHE 30iNbLUEHHS
306paxeHHs — y 30-150 pasis, y pasi BUKOPUCTaHHS
eHpouuTockonie — y 520-1400 pasis, wo ctae e
GinblUMM 3aBASAKW 3aCTOCYBaHHIO NMPEnpOLECHHTY Ta
AKiCHUX MoHiTOpIB [2,3,4,5]. Lle pobutb MoXnMBuM ornsg
SIMKOBOTO PUCYHKY, LLIO YTBOPIOETHCSA OTBOPAMI OKPEMUX
KULLKOBUX KPWUMT, CYOWHHOTO PUCYHKY Kaminspis Ta ix
NaToNOrYHNX 3MiH.

EHpockonist 3 nokpalyeHnm 306paxeHHsm (image-
enhanced endoscopy, IEE) — komnnekc meTogis, Wwo
nepenbayae BMKOPUCTaHHS BiTanbHUX GapBHUKIB Ans
XpoMocKonil, BIpTyanbHOI XpOMOCKOMIT Ta Pi3HMUX ONTWY-
HUX, eNeKTPOHHUX TEXHOIONIH, CNPSIMOBaHUI Ha nonin-
LUEHHS BidyanisaLjii SMKOBOrO MaTepHy, MiKpOBaCKynspHOi
CTPYKTYPY Ta OTPUMAHHSI BUCOKOKOHTPACTHWX EHO0CKO-
nivyHnx 30bpaxeHsb [6]. IEE pekomeHgoBaHa [0 pyTUH-
HOTO 3acTOCyBaHHSI €BpONecbkMM, AMEPUKAHCHKUM,
AsiaTCbKVM Ta iHUMMMW eHLOCKONIYHMM TOBApUCTBaMU
Y BinoBigHUX rangnavHax [6,7,8].

3o6paxeHHs, oTpuMaHe 3a gonomoroto IEE, iHogi
Ha3uBaTb onTuyHo Gioncieto (optical biopsy) [7].
BukopncToBytoUM CTaHAaPTU30BaHi eHOOCKOMIYHI Kna-
cudpikauii, MoxxHa 3a ouiHKo |[EE 3 BUCOKOK TOYHICTHO
nependa4nT NaToMopONorivHIA JiarHo3 KorlopeKTanb-
HUX HOBOYTBOPEHb. HWHI peTenbHOMYy ornsiay 3 ONTUYHO
Gioncieto HapgaTb Nepesary LWOAO WmnueBoi Gioncii,
AKLLO HEMaE NPUMNYLLEHHS NPO BUHUKHEHHS! iIHBA3UBHOTO
paky [8,9,10,11]. BTim, BUKOHaHHSI imMnLeBoi Bioncii Bce
LLie AyXxe MoLUMPEHe, He3Baxaroun Ha Ti Hedoniku.

Binomo, Lo eHaoCcKoNiYHE OLiHIOBAHHSA He 3aBXaun
KOpentoe 3 maToricTonoriyHnmMm 3Haxigkamum. Xoua
3 PO3BUTKOM €HOOCKOMIYHOI amapaTypw 4yTnuBiCTb
OMTWYHOTO METOAY ICTOTHO 3pOCKa, OCTAaTO4HUI fjiarHo3
MOXe Biflpi3HsTUCA Big nonepeaHsoro. Lie moxe ByTu
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NOB’I3aHO 3 HempaBWIIbHOW iHTeprpeTauieto 306pa-
XXEHHS1 €HO0CKONICTOM, BiCYTHICTIO 260 HEMOXNUBICTIO
peTenbHOro ornsAy BCiX YaCTWH YTBOPEHHSA. FAKLLO
nroLia yTBOPEHHs Benuka, NOoro OLiHIOBaHHA NoTpe-
Oye GinbLue yacy, NiaBNLLYETLCS IMOBIPHICTb TOTO, WO
6yne nponyLleHnii ocepenok i3 BinbLU NPOrpecMBHUMM
3miHamm [12].

lMopiBHSIHHA JaHMX ONTUYHOI Gioncii Ta wwunuesol
6ioncii 3 mikpodpoTorpacpismn nNaToricToNoriYHMX 3pisis
JoUinbHe Ansa aHanisy BUNaakiB po3bikHOCTEN AiarHo3y
Yy NaUieHTIB i3 MyXnMHammM TOBCTOI KULLKK, L0 MOLIMPHO-
I0TbCA NaTepasbHo.

Merta po6otu

lMopiBHATM €HAOCKOMIYHO BU3HAYEHUI AMKOBUI NaTEPH i
CYAVHHWIA PUCYHOK i3 NaTOriCTONOMNYHNMU 3HaxigKamm y
LST, BU3Ha4MTL iarHOCTUYHY TOYHICTb METOAVK ONTUYHO-
ro OL|iHIOBaHHSA Ta LunLeBoi 6ioncii. OLiHUTY 3B’A30K MiXX
PO3MipoM, MOPCIOMNOriYHIM TUMOM YTBOPEHD i HASIBHICTIO
3MOSIKICHIX 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 Oinblue HiX ofHe
LST, nig yac gocnimKkeHHs aHanisyBany HOBOYyTBOPEHHS
6inbLUoro po3mipy.

KpuTepii BUKMIOYEHHS 3 SOCMIMKEHHS — BiK MEHLUe
HiX 18 pokis, eHaocKoniYHi 03Hakv rmubokoi iHeasii [13],
[iarHoOCTOBaHWIA 3MOSIKICHUI NPOLEC iHLLOI NIokanisauii,
HasIBHICTb MPOTMMNOKa3aHb A0 BUOANEHHS YTBOPEHHS,
cuHapom JliHya.

MauieHTiB noginunu Ha 2 rpynu BiANOBIAHO 4O
MakpockonivyHo-MopdponoriyHoro Tuny LST. Tak, pos-
pi3HsoTb rpaHynapHuin Tun LST (LST-G), wo Bkovae
rpaHynsipHuiA romoreHHwin nigTun (LST-G-H) i rppanynsp-
HWI 3mianun nigtun (LST-G-M), Ta HerpaHynspHui Tun
(LST-NG), po skoro Hanexatb HerpaHynsipHUi Nnackui
npunigHaTui nigtun (LST-NG-FE) i HerpaHynsipHwi nig-
Tvn i3 ncespogenpecieto (LST-NG-PD) [1,13,14].

[ns Bi3yanbHOro OUiHIOBAHHS HOBOYTBOPEHb Mif
yac KonoHockonii gotpumysanues npuHumnie 1EE [3],
BMKOHAHO BipTyanbHy XPOMOCKOMi0 i XpOMOCKOMIt0
PO34VHOM iHAWroKapMiHy. [ins onmcy MakpoCcKomivYHOro
mopdonoriyHoro tuny LST 3actocyBanu Mapusbky
eHJockonivHy knacudikaito Heonnasin [14,15], ans
OLiHIOBaHHS 1 OMUCY SMKOBOTO MaTepHy — Knacudika-
uito Kudo [16], apXiTeKTOHik1 CyauMH — eHOOCKONiYHY
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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 apeHoma, 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 NOLLMPIOIOTLCS natepanbHo; LST-G: rpaHynsipHMi TMn HOBOYTBOPEHb TOBCTOI KULLIKY, LLIO NOLUMPIOKOTLCS NaTepanbHo;
*: 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].

Micns ornsay # OUiHIOBaHHA BCiEi MOBEPXHi YTBO-
PEHHS BUKOHAMNM MPULLINbHY LWUnueBy Gioncito 3 AinsHOK,
L0 BUKIUKANM Halbinblue cymHiBiB. [Micns oTpyMaHHs
pesynerartiB natoricronoriyHoro gocnimkenHHs (M) yrso-
PEHHs BUAaneHi eHgockoniyHo. LLinsixom eHpockonivHoi
pesekuii cnusosoi (EMR) 26 (32,50 %) LST BupaneHi
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.

Pesynbtatin BidyanbHOrO OLiHIOBAHHA N 4ac €H-
gockonii Ta gani ML wmnuesoi Gioncii nopiBHsNM 3
pesyneratamu ML BuganeHux LST. Ana oTpuMaHHs
mikpodboTorpadin Bukopuctanu mikpockon «ZEISS Primo
Star» 3 kamepoto «Axiocam 105 colory.

KpuTepii xi-kBagpaT 3i CKOPUroBaHUMM 3anmiukamm
3 nonpaskoto BoHdeppoHi abo TouHMin TecT Piepa BY-
KOpUCTanu Ans BU3HAYEHHS 3B'3Ky MK KaTeropiiHumm
3MiHHUMU. KoediuieHT lMipcoHa obuncnunm ons BusHa-
YEHHs KopensLinHOro 38’sa3ky. Pesynbratyt onpavtoBanu
3a gonomoroto nporpamu Statistica 13 (niueH3sinHumn
Homep JPZ8041382130ARCN10-J).

PesyAbTati

[o nepuwoi rpynu 3anyuunu 30 (37,5 %) nauieHTis i3
LST-NG (puc. 1 A-F); no npyroi - 50 (62,5 %) xBOpuX 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 HaBeaeHo BnactneocTi LST.

3a paHumu, Wo HaBedeHi B mabauyi 1, mepia-
Ha MakCUMManbHOro giametpa HerpaHynspHux LST
(20,00 £ 0,67 Mm) BABIYi MEHLLA 32 NOKA3HVIK FPaHYNSAPHNX
LST (40,00 £ 1,31 Mm). BinbLuicTb HOBOYTBOPEHDL HErpa-
HynspHoro Tuny (27/30, 90 %) BusBWnv y Npaswx Binginax
TOBCTOrO KWLLIEYHMKA, Ha BiZMiHY Bifj rpaHymnsipHoro Tmny,
3 Akux GinbLue Hix nonosuHa (31/50, 62 %) yTBOpeHb —y
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niBux Bigginax. BcTaHOBNEHO CTATUCTUYHO 3HAYYLLWiA
KopensLiHMiA 38’830k Mixk nigTunom LST i nokanisavjeto
B TOBCTiN kuwwiwi. Tak, LST-NG-FE pocToBipHO yacTilue
YTBOPIOKTLCA y nonepekoBo-060a08il, a LST-G-M —y
npsmin kuwyi (p = 0,000014).

[NopiBHABLUM pesynbTaTi NaToricToNoriYHoro Jocni-
[PKeHHs B 060X rpynax, BU3HauMnu: y nepLuiv rpyni nepe-
Baxxae MopdonorivHuii Tvn TyGynspHoi 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 (koedpiLlieHT 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
amcnnactuyHux 3miH, y 10 % Bunapgkis AiarHOCTOBaHO
afeHOKapLMHOMY «Ha MiCUi». Y Apyrii rpyni NoKycu
afieHokapLHoMM Bu3HadveHo y 32 % (16/50) BuganeHux
LST-G, 6e3 pucnnasii — 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, YyTMBICTb, CNELMMIYHICTL | NPOrHOCTUYHA
3HaYYLLCTb MO3WTMBHOTO Ta HEraTUBHOTO Pe3ynbTaTis Ans
ONTUYHOTO OLLiHIOBaHHS 3iCTaBHi 3 BiAMNOBIQHMMM NOKa3-
HUKaMK ANt WMnUeBoi 6ioncii i B nepLuin, i B Apyri rpyni.
PisHuug 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 € CTATUCTUYHO 3HAYYLLIMMU.
HeraTvBHe NpOrHOCTUYHE 3HaYeHHs i AiarHoCTUYHa
TOYHICTb 060X METOZIB AiarHOCTVKM BULLL Y NepLUi rpyni;
Lie MoB’A3aHo 3 BiNbLLIOK YacTKOK XMOHOHEraTUBHUX pe-
3ynbTartiB y Apyrin rpyni (ouiHoBaHHA LST rpaHynsipHoro
Tuny). OTxe, BU3HAYEHO 3araribHy BuULLy eeKTUBHY
3[aTHICTb LIMX METOZIB NPaBWIIbHO AiarHOCTyBaTH BigCyT-
HicTb Aycnnasii abo paky «Ha MiCLLi» ANst HErpaHynsipHOro
MOPIBHSIHO 3 PaHYNAPHNM TUMOM MyXJMH TOBCTOI KULLIKW,
LU0 MOLUMPIOIOTLCS NaTeparnbsHo.
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OpwuriHaAbHiI AOCAIAXKEHHS

Puc. 1. LST-NG. A: 25 mm O-lla HerpaHynsipHe nnacke npunigHsiTe HOBOYTBOPEHHSsI NonepekoBoi 060A0BOI KULLKM, LLO NOLIMPIETLCS 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 NOLIMPHETLCS NaTepasnbHo;
E: nig vac ornsagy B NBI BusiBNeHo AinsHkK, A€ SMKOBOTO PUCYHKY HEMAE, CYAVNHHUIA — HEpEerynapHuii i cteptui; F: natoricTonoris BusiBuna Hu3bkoaudepeHLiosaHy aae-
HokapuuHomy, H & E, x40.

Puc. 2. LST-G. A: 25 mm 0-Is rpaHynsipHe roMmoreHHe yTBOPEHHSI CRiNOT KULIKW, L0 MOLUIMPHOETLCS NaTepanbHo, ornsg y 6inomy cBiTri 3 XpoMockonie iHAUrokapMiHOM;
B: y By3bkomy cnekTpi cBiTna (NBI) BULHO roMOreHHMI CyaUHHWIA | SMKOBWIA naTepH; C: natoricTonoris nokasana Ty6yno-Binbo3Hy ageHoMy 3 AUCMNasielo HU3bKOro cTyne-
Hs, H & E, x40; D: 60 mm 0-Is+lla rpaHynsipHe 3millaHe yTBOPEHHs NPAMOI KULLKK, L0 NOLWNPIOETLCA natepanbHo; E: y NBI BidyanisyeTbca HeperynsipHuin nepepue4acTuii
naTepH kaninspis; F: natorictonorisi Busisuna Ty6yno-Binbo3Hy ageHoMy 3 AWUCNNa3ield BUCOKOMO CTyNeHst i AinsiHkaMu mManirHisauii 3a TMnom nomipHo audeperLiiioBaHoi
afieHokapunHomu, H & E, x40.
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Tabauuga 2. MoKasHWKM AiarHOCTUYHOT TOYHOCTI ONMTUYHOTO OLiHIOBAHHS Ta LWMNLEBoi Gioncil

YyTtnusictb Cneumdiynictb | Mo3uTtusHe Heratuexe [iarHocTuyHa p-3HaYeHHsA
NPOrHOCTUYHE 3HAYEHHA1 | MPOTHOCTUYHE 3HAYEHHAI | TOYHICTb

1 rpyna (LST-NG)
OnTUYHE OLIHIOBaHHSA
Lnnuesa 6Gioncis

2 rpyna (LST-G)
OnTWYHE OLHIOBAHHSA
Lnnuesa 6iorcis

80,0 % 100,0 % 100,0 %
81,8 % 100,0 % 100,0 %
76,7 % 95,0 % 95,8 %
80,0 % 95,0 % 96,0 %

90,9 % 93,3 % 0,0002
90,5 % 93,3 % 0,0002
731 % 84,0 % 0,0022
76,0 % 86,0 % 0,0035

Mpyna 1 (LST-NG)

3;10 %

B be3 aucnnasii
Low-grade
m High-grade

AfeHokapumHoma

lpyna 2 (LST-G)

Puc. 3. HasBHicTb Ancnnasii / paky «Ha MicLii» y BufaneHux Heonnasisix, BignoBiAHO A0 NaToriCTONOMYHOr0 BUCHOBKY.

06roBopeHHA

Axwo LST mae Benukuii po3mip, eKCnepTHWUIA ornsig
notpebye Barato Yacy i 4acTo ycknagHEHUI KOHTAKTHO
KPOBOTOYMBICTIO @b0 HepiBHOMIPHOK MOBEPXHEID YTBO-
PEHHSI, LLIO XapaKTepHO ANs rPaHyNspHOro 3MillaHoro
Tmny LST, konu ocepenok i3 HanbinbLL NporpecuBHUMM
aucnnacTuYHMMKM 3MiHammu abo manirdisadieto 4yacTto
NPYXOBaHWI MiXX YaCTUHAMW YTBOPEHHSI, LLIO BUCTYMATb.

BinbLwicts LST-G-M (27/36, 75 %) knacudikoBaHo sk
TybYyno-Binbo3Hi ageHoMW. BoHW MatoTb OB BOPCUHKM
i 3paTHi NpoAyKyBaTW BENWKY KiMbKICTb €3y, L0 Lie
6inbLuUe ycknagHoe ornsag 6yrpuctoi HepiBHOT MOBEPXHI
LST-G-M. Y pesynbrati 4OCTIMHKEHHSA BU3HAYMIN KOpe-
NALiAHI 3B'A3KM MiXX PO3MIPOM YTBOPEHHS, MOPEONOriy-
HUM TWMOM TyByno-BinNbO3HOI afeHOMMU Ta HasiBHICTIO
afeHokapuuHomu. Lli gani 36iratotbesa 3 pesynsratamu
nonepeaHix gocnimkeHb. Tak, y poborti S. Vosko et al.
MOKa3aHO: LUAHCK He MOMITUTW ONTUYHI 0COBNMBOCTI,
BNACTVBI A4S paKy «Ha MiCLli», 3pOCTatoTh 3i 3BibLUEHHM
oL noBepxHi ypaxkeHHs [12]. Y pocnigpkerHi N. Shahidi
et al. BCTaHOBNEHO, L0 po3mip Heonnagzii, nokanisauis B
pekTocurmi Ta 3milaHa Moposnoris — HesanexHi gak-
TOpY, acoLinoBaHi 3 NPUXoBaHUM ocepeakom paky [19].

3rigHO 3 JaHWMMK, WO oaepXanu, rpaHynspHi Ho-
BOYTBOPEHHS 3MILLIQHOMO TUMY YacTille YTBOPIOKTLCS Y
NPSIMINA KULLIL, @ HerpaHynsapHi nnackoro NpunigHAToro
TNy — B nonepekoBo-060a0Bii. 3-nomix LST rpaHy-
nsipHoro Tuny (GinbLIiCTb BUNaAKIB BUSBASAOTL Y NiBUX
BiZLiNax TOBCTOI KMLLKW) 3Ha4HO GinbLua 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 BiJOMOCTAM
daxoBoi niTepatypu, Ae nokasaHo: puU3nK PO3BUTKY
paKy y aucTanbHUX Biainax KUWeYHWKa 3HaYHO BULLNIA
MOPIBHAHO 3 MpokcuManbHMK Bigdinamm [19], a LST-G
i LST-NG yTBOPIOIOTECS PI3HUMM LNSXaMU FEHETUYHNX
MyTalLiiA, LLIO NPU3BOAWTL 40 BUHUKHEHHS MOPOMOTiYHO
NoAiGHNX MyXMWH i3 Pi3HUMK MOMEKYNSPHUMI XapaKTe-
puctukamu [20].

Xoya LST-NG-PD matoTb HaiBULLMIA NOTeHLian [o
manirHisauii [19], i, MOXNMBO, HU3bKWIA BiACOTOK LMX
yTBOpPEHb 3-nomix LST, Wo BuaansoTs eHO0CKOMYHO,
3YMOBIEHWI LLIBWUAKOIO iHBA3IEK y rMOLLI Lapy CTiHKM
KULLKW, ane BUSIBMEHHS 03HaK rmWOOKoI iHBa3ii, a oTxe
i cTpaTMdikaLia nauieHTa B NeBHy rpyny puauky i Bubip
MeToAY €HAOCKOMIYHOro Yu XipypriYHoro BuaaneHHs
HancknagHiwi came y LST-G-M [11,21]. MokasHuku
€(heKTMBHOCTI AiarHOCTUKM A ONTUYHOMO OL{iHIOBAHHS
HWXYi ONst rpaHynspHOrO TUMY MOPIBHAHO 3 HerpaHy-
nsipHUM. [ocnimkeHHa Ha Benukux BMGIpkax nawieHTiB
rnokasanw iCToTHi PO30KHOCTI 3@ MOKa3HMKaMu Yy TRMBOCTI
(HerpaHynsipHuii — 90,9 %, rpaHynspHun — 52,7 %) Ta
iHwumn napameTtpamu [12]. Li gani novactn He 3Gira-
I0TbCS 3 pesynsratamu, Lo ofepXkanu nig yac HaLloro
[OCRIIKEHHS, 1€ HEeraTMBHE MPOrHOCTUYHE 3HAYEHHS |
[iarHOCTWYHa TOYHICTb ANS rpaHynspHOro TUMy 3Ha4YHO
HW>KYI, arne NoKasHWKW YyTIMBOCTI Y rpynax Maiixke opHa-
koBi. Lle moxe OyTv noB’si3aHo 3 kpuTtepiamu noainy Ha
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rpynu, 60 rpyna HopynsipHUX BENUKUX HeNneayHKynspHAX
KornopeKTanbHyX 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 AKMX HE MOB'S3aHWIA i3 NepeLuKogamm, Wo
BNACTUBI ANs 3MiLLaHOro Tmny.

3icTaBHa e(heKTUBHICTb ONTUYHOI Ta WMNLEBOI Bioncii
CBIQYMTb NPO B3AEMHY 3aMNeXHICTb LyX AiarHOCTUYHUX
meTogis. Bpaxosyroum goTpumanHs npuHumnis IEE, wmn-
LieBy GiONCito BUKOHYIOTb M, KOHTPOMEM 30y NPULLINBHO 3
LiNsSiHOK YTBOPEHHS! 3 HaNbIiNbLL NPOrpecyBHUMY 3MiHaMW
SIMKOBOTO i CyOMHHOTO naTtepHy. Tomy, SIKLIO ocepenok
TaK1X 3MiH He BU3HAYEHWI Ha MOBEPXHI, 3 BUCOKOH iMO-
BIpHICTIO y HbOMY He Byae BUKoHaHa Gioncisi. Kpim Toro,
iHoZi B3ATTS GionTaTy 3 HEBENMKOI AiNSHKM 3MiH NOB'A3aHe
3 TEXHIYHMM CKNaHOLLAMM | MOXe, 3a AaHUMM OKPEMIX
J0CnigpxeHb, BUKNUKaTK (pibpo3; Lie NOTEeHLINHO ycknaa-
HIOE HACTYMHe eHA0CKOMNYHE BUAANEHHS. 3a3HauMMOo, Lo
LmnueBa Gioncisi, BpaxoByto4mn HEBeNWKkWiA 06'em GionTa-
Ty, HE A€ 3MOTW OLHUTY IMMBUHY iHBAil, TOMY nnLue TOAj
BMNMBAE Ha PiLLIEHHS LWLOAO0 BeAeHHs nauieHTa Hagani [11],
KOnu Bigpi3HATLCS ONTUYHWIA €HOOCKOMIYHWIA BUCHOBOK i
nani NI Gioncii, sIKLLo B GionTaTi BU3HAYeHa ricTonoris 3
nporpecBHUMM 3miHamu (y 5 % (4/80) Bunagkis).

3a gaHuMun HaykoBOI NiTepaTtypu, BUpaskyBaHHs LST
BU3HaYeHe Ak 0Ha 3 03HaK rMmnbokoi iHBas3ii, € nokasaH-
HSIM [0 XipypriYHOro, @ He eHAOCKOMIYHOrO BUAANEHHS!
[13,21]. Tomy Taki HOBOYTBOPEHHS HE BKMOYanm fo
OOCRiMXeHHs, Wo 3aicHunu. BTiM, y ABOX nauieHTiB
nig Yac nepeponepalinHoro ornsay, a y TPbOX XBOPWX
32 JaHUMU PETENbHOrO AOCHIMKEHHS! BXE BUAAMNEHNX
Heonnasii BUSBUNW OiNsiHKM NOBEPXHEBOO EPO3YBaHHS
Cnn3oBoi 060M0oHkw. [NaToricTonoris nokasana HasiBHICTb
afileHoKapLyHOMK Y AinsHKax, Npunernux 4o epoasii y BCiX
n'sTv Bunagkax. Lie aae ninctasu npunyckarty, Wo eposy-
BaHHS MOXe MaTu 3B'A30K i3 iCTONOriE 3 NPOrpeCBHUMM
3MiHaMK §IK BisyaribHa O3HaKa 0CEPEOKOBOr0 HEKpO3y,
L0 MOYMHAETLCS | KM BUAHO Ha Mikponpenapartax.
HepocTaTHin 06¢sr AaHMX YHEMOXIMBIHOE CTAaTUCTUYHUIA
aHanis gaHux, wob niaTeepamTyt SOCTOBIPHICTL LIbOrO
NPUMNYLLEHHS.

BucHOBKU

1. NigTun LST 3anexuTb Big nokanisauii: LST
rPaHyNsSPHOTO 3MILLAHOTO TUMY YacTille YTBOPKKTLCS Y
NPSMIN KWLLIL, 8 HerpaHynspHi nnacki npunigHaTi LST —
nepeBaXHO Y NonepekoBo-060A0BIN KNLLIL.

2. LST 6inbLuoro po3mipy yacTille € Ty6yno-Binb03-
HUMMW ageHoMamu. HasiBHICTb aeHOKapLHOMM KOPESTHOE
3 MopdponoriyH1M TMNoM TyOyno-Binbo3HOI afeHoMM 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 OLHIOBAHHSAM i rPaHYMSAPHIX, | HerpaHynsapHux LST.
Ii pyTUHHE BUKOHAHHS He [oLinbHe.

MepcneKTUBU NopaAbLLIMX AOCAIAXKEHb MONAralTb
B OL{iHIOBaHHI BigAaneHux pesynsratiB pisHUX METOAIB
€HZIOCKOMIYHOr0 BMUAANEHHS MyXJIMH TOBCTOI KWLLKK,
L0 MOLLUMPIOKTLCS NaTepasnibHo, a TakoX BU3HAYEHHI
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pesyneratn natoricronorii LST.
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BnAuB noAimop¢iamy reHa aHrioTeH3UHNEepPeTBOPOBAALHOIO pepMeHTy
Ha nepe6ir apTepianbHoi rinepTeHsii y noeAHaHHI 3 LykpoBUM AlabeTom

2 TUNY Ta €PEKTUBHICTb aHTUrinepTEeH3UBHOI 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 aHTUFNEPTEH3VBHOI Tepanii 3 BUKOpPUCTaHHAM iHribiTopa AM® nisvHonpuny Ta 6eTa-agpeHobnokatopa  OAHOHYKAEOTUAHMA
KapBegwnony B nauieHTiB i3 komopbigHicTio apTepianbHoi rinepTensii (AlN) Ta uykposoro giabety (L) 2 Tvny. NOAIMOPI3m
Lo . . Lo . . reHa, aHrioTeH3nH-
Marepianu i metoaw. [locnimxeHHs 3aincHnnv Ha 6asi BinaineHHs apTepianbHoi rinepTeH3ii Ta 3axBoptoBaHHs HUpok Y «Ha- .
. . N . p X o NepeTBOPIOBaAbHHUI
LioHanbHWiA iHCTUTYT Tepanii imeHi J1. T. Manoi HAMH Ykpaituy. [lo gocnimkeHHs 3anyumnm 106 nauieHTis 3 Al 2 ctynes, |l bepmeHT
cragii Ta LU 2 tuny. CepepHiii Bik 06CTexeHux ctaHoBuB 54,3 + 5,3 poky. MavieHTis 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; 1o TpeTboi — 36 0cib i3 reHoTnom G/G. [ns foCigKeHHs OBHOHYKNEOTUAHOTO noniMopdiamy Mapkepa 2350 LyKpOBMIA '

A/G rena AM® sukopuctanu HK neikouuTis nepucepryHoi KpoBi. Ak aHTUriNepTeH3nBHY Tepanito NpuaHauMnm KoMbiHaLio Aiaber 2 ny,
npenaparis — Ni3MHONPWI i KapBeauIon. aHTUriNEpTEHaUEHa
PesynsTati. BusHaunnv npsivi kopensiitHi 38'si3ki Mix reHotunamu A/G | G/G oHOHYKneoTuaHoro nonimopdiamy 2350 A/G  Tepanis.

reHa AlN® i3 nigsuweHnm iHgekcom macu Tina (IMT; p < 0,001), BALMMK PIBHAMM CUCTONIYHOTO Ta AiacToNYHOroO apTepi-
anbHoro Tucky (AT; p < 0,001), nigsuiLernm pisHem rmikemii HaTLle (p < 0,05), iHaekcom HOMA-IR (p < 0,05), nigsuiueHnmm

Naronoris. 2024.

PiBHAMM NiNONPOTEIHIB HU3LKOT LWinbHocTi (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 Mack Miokapaa nigoro wiyHodka (p < 0,001) B ycix rpynax XBopux. SMEHLIEHHS [nepTpodii oo 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 Mif BNIMBOM AieToTepanii Ta BHacnifok MeaykaMeHTO3HOro ikyBaHHs Bifbynocs
focToBipHe (p < 0,05) 3HuxeHHs IMT. MopiBHABLUM rpyny XBOPUX, BUSHAYUIH, LLIO HAMICTOTHILLE 3HWXEHHS LibOro NokKasHuka
B AMHaMiLli nikyBaHHs 3adpikcoBaHo B 0cib 3 A/A reHOTMNOM. BusiBunu JOCTOBIPHE 3HWXXEHHS PIBHIB MFOKO3M 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 rpynamy nauieHTiB 3 reHoTunamu
A/G i G/G He BMsIBNEHO Hi 10, Hi nicns nikyBaHHsA. OTxe, came HasBHICTb G-anento nonimopdHoro Mapkepa 2350 A/G reHa
AlN® 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 3MiHM Miokapaa, HiXX XBOpi 3 FeHOTUMOM
AJA. AHTUriNEepTeH3VBHa Tepanist HanbinbLL edpeKTUBHA LLOA0 3MEHLLEHHS rinepTpodii Miokapaa B nauieHTiB 3 A/A reHoTUNom
nonimopcHoro mapkepa 2350 A/G rena Al®. BussneHo, wo reHotunn A/G i G/G nonimopdHoro mapkepa 2350 A/G reHa
AlN® MoxHa BUKOPUCTOBYBATM SK NPEAUKTOP He Tinbku po3suTky ITILL, ane 1 MeTaboniyHUX NOpyLLEHb, LU0 acoLilolTbCs 3
nigsuLeHnm IMT, BULLMMM piBHAMM rrikeMii Ta IP, BUpaXeH1MmM 3cyBamm aTeporeHHoi aucninigemii B nauieHTis i3 koMmopbigHumM
nepebirom Al i LI 2 Tuny. 3HkenHs IP Ta IMT cynpoBomxyBanocs 3ameHLIeHHsM cTyneHst ML, [loBegeHo, Lo BUKOPUCTAHHS
aHTUrinepTeH3nBHOI Tepanii, Wo nepebadana NpUMaHHs KapBedinony Ta NisuHoNpusy, B NaLieHTIB i3 HECNPUATIIMBAMM
reHotunamu A/G i G/G nonimopdpHoro mapkepa 2350 A/G reHa AMN® e edekTBHM, cnpusie BupaxeHomy perpecy [TILL.
MavjeHTu 3 AA reHoTunom nonimopdgHoro Mapkepa 2350 A/G reHa AMN® matoTb HalbinbLUy nepesymoBy LLOAO e(hEKTUBHOMO
3mMeHLLeHHa [TIL nicng nikyBaHHS; Lie BU3HAYUIN AK CIPUATIINBY 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
GIG 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) € OfHiEr0 3 FONOBHUX NPUYMH iHBanigM3aLi
Ta CMepTHOCTI Bif, CepLEBO-CyANHHUX 3axBoptoBaHb [1].
3a faHvmu BeecBiTHLOT opraHisaLlii 0OXOpoHU 300poB’s, y
cBiTi 1,28 mnpg oci6 Bikom 30-79 pokis MatoTb Al Ginb-
LUICTb (ABi TPETUHM) i3 HUX XMBYTb Y KpaiHaX i3 HU3bKNM i
cepepHim piBHem poxoay. Maitxe 46 % popocnvx i3 nig-
BYLLEHUM apTepianbHUM TUCKoM (AT) He 3HatoTb NPOo CBIN
cTaH. MeHwwe Hix 1/2 gopocnnx (42 %) i3 giarHocToBaHo
Al" potpumytoTbes cxemu i NikyBaHHS. HaeegeHi daktu
06rpyHTOBYIOTb, YoMy A" BU3HA4Y€EHa SK OfHa 3 FOMOBHUX
NPUYKH NepeaYacHoi cmepTi [2].

Bucoka yactota noegHaHoi naTonorii xapakTepHa ans
xBopux Ha Al OauH i3 HanyacTiLMx KOMOPOBIAHUX CTaHIB
y Takux navujeHTis — uykposun giabet (L) 2 Tuny [3,4,5].
TsaxkicTb nepebiry Al i BAHUKHEHHS! YCKNaaHEHb TiCHO
MOB'si3aHi 3 PI3HUMM YMHHKKAMU, SIK-0T i3 MeTaboniYHUMM
NOpYLLEHHAMY, Lo npuTamanHi LU 2 tuny [6].

HuHi Bigomo, o Al — MynsTthaKkToOpHe 3aXBOPIOBaH-
HS1. Y /0ro naToreHesi knio4oBy porb Bigirpae akTveaLis
peHiH-aHrioTeH3nH-anbaocTepoHoBoi cuctemmn (PAAC)
[7]. PospisHsitoTb umupkyntotody i nokansHy PAAC [8].
JlokanbHa PAAC 6e3nocepenHbo bepe yyacTtsb y hopmy-
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BaHHi npuTamanHoro ans LI cuHgpomy rinopeHiHeMiYHOro
rinoanbA0CTEPOHI3MY, KOMW HU3bKa KOHLEHTPALIS PeHiHy
11 anbAOCTEPOHY B Nia3Mi KpOBi NOEAHYETLCS 3 BUCOKOK)
KOHLieHTpaLieto aHrioteHaunHy 1, wo umnpkyntoe [9,10].

[eHn-kaHaMaaT, WO BU3HAYaKTb CXUIbHICTL A0
po3BuTKy Al, BkntouatoTh: reHn PAAC; reHun, noe’sizaHi 3
HaTPIEBOIO CUCTEMOIO; FEHM, MOB’A3aHi 3i LWNSXOM nepefavi
CcurHany; reHu eHgoTeniHoBOI CUCTEMM.

3B’A30K MiX NoniMop@i3aMOM reHa aHrioTeH3WH-
nepeTBoptoBanibHOro epmeHTy (AM®) i reHeTnyHo
reTEPOreHHICTIO TinepTeHsii € npegmeTom Garatbox [0-
cnipxeHb [11,12].

PAAC mag krnto4oBe 3HauYeHHs y natoreHesi rineptpo-
ii niBoro winyHouka (MTILW). Kpim Toro, Bigomo, wo AMNd
BNMWBAE Ha HM3KY CTaHiIB, ki noB’a3aHi 3 PAAC, 3okpema
i Ha L. 3piricHunu kinbka gocnimkeHb Ans OLiHIOBaHHSA
kopensii Mix nonimopdiamom reHa AMN® 2350 A/G i rinep-
Tpodpieto NiBOroO LLUNYHOUKA, 0AepKarnu AoBoMi Cynepeqrnmsi
pesynbratu [13,14,15,16].

HuHi akTvBHO BMBYaIOTBH NONIMOPI3M Kinbkox re-
HiB-kaHauaatie AN®. OgwuH i3 HanyacTiwe JocnimKyBa-
HWUX — OOHOHYKNeoTuaHMI nonimopdiam 2350 A/G reHa
Al®, posTalioBaHuin Ha 17 iHTPOHI. BBaxatoTb, WO BiH
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Hanbinblue BNnvBae Ha piBeHb AMN® y cupoBsaTLi KpoBi
[17]. Ony6nikoBaHO cynepeynuei pesynsTaT BNAUBY
nonimopdiamy mapkepa 2350 A/G reHa Al Ha po3BuToK
eceHujanbHoi Al y pisHux nonynsuisx [18].

KniHiYHi HacTaHoBW, LLO 'PYHTYIOTBCS HA MPUHLMNAX
[l0Ka30BOi MeanLMHY, 30e6inblLoro pernamMmeHTyoTb
CTaHAAPTHUA YHiBEpPCanbHWIA NiAXi4 A0 NPU3HAYEHHS
aHTUrINEePTEH3NBHUX NpenapaTiB, SKU Ha PiBHI OKPEMOTO
nawjeHTa He € nepcoHanisoBaHUMK. KniHiyHa npakTuka
nokasarna HeoaHopIaHY ehEKTUBHICTb 3aranbHOMPUIHATIX
i 3aTBEPIYKEHNX CXEM TIKYBaHHS. [eHEeTUYHWI NoniMopdiaM
XBOPOro Ta hapMaKoKiHETUYHI 0COBNMBOCTI NikapCbKoro
3acoby MOXyTb NOYACTV NOSICHUTY iHAVBIAYanbHy Bapia-
6enbHICTb eDEKTUBHOCTI aHTUriNepPTEH3MBHOI Tepanii [19].

Yce Ginblue OokasiB OTPUMAaHO WOAO AOLiNbHOCTI
nepcoHanisoBaHoro nigxopy Ao apmakoTepaneBTny-
HOrO NiKyBaHHS1, KW BpaxXOBYE pPe3yrnbTaTii FeHETUYHOro
aHaniay nauieHTa. MNepenbavatoTs, L0 NepcoHanisoBaHa
thapmakoTepanis, sika 'pyHTYeTbCA Ha aHanisi reHEeTUYHOT
iHpopMaLLii 3 BU3HAYEHHSAM ONTUMANbHOMO aHTUriNepTeH-
3MBHOrO 3acoby, cTaHe OCHOBHWUM CNOcOOOM MiKyBaHHS
Al y MainbyTHbOMY, 0COBMBO NaLLIEHTIB i3 rinepTeH3ieto, B
AKWX 3aranbHONpuitHATa Tepanis He edekTuBHa. HuHi nig
yac reHeTMYHKX gocnigxeHb Al BUBYaOTb NepeayCiM reHu,
LLIO CMIPUYMHSAIOTD MNEPTEHSIt0, Ta MEXaHI3MM NiABULLEHHS
AT. Tak, BB4at0Tb NosiMopdiam iHcepuii / aenewii aHrio-
TeH3uHnepeTBOptoBanbHoro depmeHty (AMd 1/D) [20],
Lo, ik Byrno BUSIBNEHO, NOB’A3aHMI i3 BUCOKUM AT [21].

Brim, pesynsrati KniHiYHWX OCTIKEHb LWOoAo 0brpyH-
TyBaHHS BUOOPY aHTUrNEPTEH3NBHIX NPenaparis, a Takox
LLOAO0 3B'A3KIB MK MOMIMOPI3MOM TeHiB i MiABULLEHO
YYTIUBICTIO 10 @HTUMNEPTEH3UBHMX NiKapcbkux 3acobis,
BKItodatoun iHribitopu A, Grokatopn peuentopis aH-
rioteH3uHy I, GeTa-6nokatopu, GriokaTopu KanbLieBmx
KaHanis i giypetuku, € cynepednueumm [22,23].

LLlono BnnmBy reHeTnyHOro nonimopdismy reHa Ard
BCTaHOBINEHO: cepep nonimopdHmx reHoTunie ACE reHotvn
DD mae HaiBULLI PIBEHb aKTUBHOCTI, @ reHoTun |l — Han-
HIKYUIA, reHoTVn ID XxapakTepusyeTbCst CepeaHiM piBHEM
aKTVMBHOCTI. BaHaymnu, Wwo 4y1m BuLLa akTuBHICTb A,
TUM BinbLLY aHTUNEPTEH3MBHY POIb Bifirpae NPUrHIHEHHS
110ro akTMBHOCTI [24]. OTxe, BUB4EHHS MoniMopdiamy reHa
Al® gouinbHe He TinbKW B HayKOBOMY acnekTi. Taki gochi-
[DKEHHS — HEeBi’éMHa CKMaaoBa NOCMi0BHOTO BUBYEHHS
BMNMBY NOMiIMOP(I3MIB reHiB Ha e(heKTUBHICTb 3acTOCy-
BaHHS Pi3HNX aHTUrNepTEH3MBHIX Nikapcbkix 3acobiB Ans
MOLLMPEHHS NEPCOHIIKOBAHOTO NiKyBaHHS XBOPYX Ha Al
LLO CTIPMSITUME OMTUMATNBLHOMY KOHTPOH MOKa3HWKiB AT.

Merta po6otu

BcraHosuTM BNvB nonimopdiamy reHa AMd Ha oco-
6nvBocTi nepebiry 1 eeKTUBHICTb aHTUriNePTEH3NBHOI
Tepanii 3 BUKOpUCTaHHAM iHribiTopa Al nisuHonpuny
Ta 6eTa-agpeHobnokaTtopa 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 Tvny B cTaHi MeaukameHTo3Hoi cybkomneHcaLii. [Jo

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

OpwuriHaAbHiI AOCAIAXKEHHS

AocCnimKeHHs 3anyunnu 59 YonoBikiB i 47 XIiHOK, 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 reHoTMNOM
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 nauieHTis 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 (HMPKOBA, NEYiHKOBA, CepLieBa, AnxarbHa
HEeOoCTaTHICTb) HAsBHICTb B aHAMHESI IHCYIBTY, iIH(DAPKTY,
OHKOSOMNYHMX 3aXBOPOBaHb, AeKkomneHcosaHoro LI 2
Tvny 3a kpuTepisMu BeecBiTHLOT opraHisaLii 0XopoHu 300-
POB’SA, & TaKOX MOPYLUEHHS (PYHKLT LymTOnoaibHOI 3anoaw,
NePBUHHA CiMENHa rinepxonecTepuHEMisi, CAMNTOMATUYHI
AT, BariTHiCTb.

AT miarHocTyBanv BignoBigHo 0 pekoMeHaaLin €Bpo-
nevicbkoro ToapucTaa 3 Al i €BponencsLKoro ToBapueTea
kapaionoris, a Takox YkpaiHCbKoi acoujauii kapaionoris
3 npodinaktuku Ta nikysanHsa AlL Oiarno3 LI 2 tvny
BCTAHOBMIM 33 YWHHUMM PEKOMeHZaLisMW €BPONENCcLKOi
acoujauii 3 BuByeHHs L [25,26,27].

PiBeHb rnikosunboBaHoro remornobivy (HbA1c) B
LiNbHIN KPOBI BU3HAYMNN 3 BUKOPUCTAHHAM TECT-CUC-
Temu ipmn «PeareHT» (YkpaiHa). IHOekc iHcyniHope-
aucteHTHocTi (HOMA-IR) obpaxyBamu 3a chopmynoto:
HOMA-IR = iHcyniH HaTwwe (MKEL / Mn) X rnioko3a HaTLle
(mmonb / n)/22,5. Mpu iHgexkci HOMA-IR >2,77 nauieHTiB
BBa)xasn TakvMW, LLIO MatoTb iHCYMIHOPE3NCTEHTHICTL (IP).
KoHueHTpauito rnoko3n B cupoBarui kposi Hatwe (TKH)
BW3HAYMIN [TKOKO300KCUAAHTHUM METOLOM; KOHLIEHTPaLto
iHCYMiHY — iIMyHO(EPMEHTHUM METOAOM, BUKOPUCTaBLUM
Habopu DRG (CLLA).

[ns pocnipxeHHs ninigHoro 0bMiHy (BMICT 3aranbHoro
xonectepuHy (3XC) B cupoBartLi KpoBi, ninonpoteigis
Bucokoi winbHocTi (XC MMBLL), Tpurniuepuais (TI)) 3a-
CTOCYBanM eH3UMaTUYHWIA KOMOPUMETPUYHWIA METOZ, i3
BMKOPUCTaHHAM HabopiB «Humany» (HimeyunHa). Bmict
XOMecTepuHy B cKnadi NinonpoTeiHiB HU3bKOI LiNbHOCTI
(XC NMHLL) o6paxysany 3a choopmynoto W. T. Friedewald:
XC NNHLW, (mmonb/n) = 3XC — (XC NNBLL, + TI / 2,22).

l'eHomHy OHK BigokpemntoBany 3 nernkouuTis nepude-
PUYHOI KPOBI METOAOM (hEeHONXMOPOPOPMHOI eKCTpaKLi
3 amnnicpikauieto Hagani B 25 MK peakwiHol cymiwi nig
yac moniMepasHoi naHuoroBoi peakuii. Amnnidikauito
3aiicHunv Ha amnnicpikatopi «Rotor-Gene 6000» (ABcTpa-
nist) y pexumi peanbHoro Yacy. MpogykTu rigponiay nicns
amnnicpikauii posginunu B noniakpunamigHoMy i arapos-
HoMy rensx. Matepian, Wwo ogepxanu, Bisyaniaysanu nig
yneTpadgioneTtom.

CTpyKTypHO-(bYHKLiOHaNBHI MapameTpy cepLs BU3Ha-
yunu metogom exokapaiorpadii (ExoKr), 3actocysanu
piarHocTnuHy cuctemy «GE Medical Systems» (Himeuwun-
Ha) i3 (hazoBaHNM JaTYMKOM i MOLYNbOBAHOK YacTOTOK
2,25-3,00 mI W, 3rigHo 3 pekomeHaaLisMm AMEPUKAHCHKOrO
ToBapuCTBa 3 exokapaiorpadii [28,29]. 3a metogom Cim-
MCcoHa BKU3HAYanM TOBLUMHY MIKLLMYHOYKOBOI NEPETUHKM
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y cuctony (TMLWIc) Ta piactony (TMLUMg), ToBwmHY
3a[HbOI CTiHKM MiBoro wnyHouka y cuctony (T3CJILLc) Ta
gpiacrony (T3CILLz), kiHLeBwiA cucTonivHuiA giametp (KCO),
KiHueBwi diactoniyHui giametp (KOLO) i dopakuito Bukuay
(®B) nioro wnyHouka (J1LL). Macy miokapaa J1LL (MMIILL)
obpaxoByBanu 3a pekoMeHaaLlisiMu AMeprUKaHCbKOro
ToBapucTBa 3 exokapgiorpadii (2016); ingekc MMIILU
(IMMILL) BuaHavanm sk BigHowweHHs MMIILW o nnowi
noBepxHi Tina [29,30].

Ycim nauieHTam HagaHo pekoMeHAaaLii Woao nigTpum-
K1 OIETUYHOTO Xap4yyBaHHs BMPOZOBX YCbOrO nepiogy
NiKyBaHHS.

XBOpi OTpUMyBanu KOMGIHOBaHY aHTUTNEPTEH3NBHY
Tepanito nisuHonpunom i kapeseaunonom. [Job6osa fo3a
npenapariB BW3Ha4eHa iHavBigyanbHo. NovatkoBa fo3a
kapsegunony craHosuna 12,5 mr Ha goby, nisuHonpuny
— 10,0 mr Ha goby; makcumarnbHa fo3a kapsegunony
craHoBuna 50,0 mr Ha goby, nisvHonpuny — 20,0 Mr Ha
no6y. [ins nonarkoBoi kopekuii AT 3a HeobxigHoCTi Npu-
3Havanu npenapar «JlepkameHy. K LinboBi nokasHuku AT
BU3HAYNIM Taki: cucTonivyHWiA aptepiansHui Tuck (CAT) —
A0 120-130 MM pT. CT.; GiaCTONIYHUIA apTepianbHAN TUCK
(OAT) — meHLwue Hix 80 mm pr. cT. [31].

Yci nauieHTy ofepxyBanu LyKpO3HWKyBanbHy Tepa-
nito, 3okpema meTchopMiH (8ig 1000 mr oo 2000 mr Ha foby)
Ta rniknasug (Big 60 mr go 90 mr Ha go6y). KomnnekcHe
NiKyBaHHS BKITK0YaNo TakoX po3yBactaTuH y 4o3i 10 Mr Ha
[o0y Ta aueTuncaniuunoBy KACNoTy y A03i 75 Mr Ha Jo0y.

MaTemaTtnyHe onpauloBaHHA pesynsTaTiB JoCHi-
[DKEHHS 3MiMCHWNM 3@ JOMOMOrO0 NPOrpamHoOro naketa
Statistica 8,0 (StatSoft Inc., CLUA) (Homep niueHasii
STA862D175437Q). O6umcrn cepegHe 3HadyeHHs (M),
Avcnepcilo, CTaHAapTHE BiAXWUNEHHS, MegiaHy (M), piBeHb
3HauyLlocTi (p). BigMiHHOCTI BBaXanu LOCTOBIPHUMM Mpy
piBHI cTatucTuuHOi 3HavywocTi p < 0,05. AHanisytoum
3HaYYLLCTb BiAMIHHOCTEN MiX rpynamu 3a BUPaXeHiCTio
MoKa3sHMKa, LLIO BUMIPIOETLCS YMCTIOM, BUKOPUCTANW t-Kpu-
Tepin CTblogeHTa. [Ans OLiHIOBaHHS B3aEMO3B'A3KIB MixX
rMokasHMKaMmm 3aCTOCyBan MeTOZ, KOPENnALIIiHOro aHanidy
3 06umncneHHsm koediuieHTiB kopensauii MipcoHa (npw
HopmarnbHoMy poanogini) Ta Cnipmera (npu posnogaini,
LLIO BiAPI3HAETLCA Bifi HOPMANBLHOTO).

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
CrOCTEPEXEHHS Manu Haanuwkosy Macy Tina. Cratuc-
TUYHO 3HaYYLLOIT Pi3HNL Mix rpynamu 3a IMT go 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 AlN® cTaTCTUYHO 3HAYYLLIO BULLWIA 3@
BIiANOBIAHUIA 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 YCKMaAHIKOTb 3HIKEHHS Macy Tina. MokasHuku
IMT y nauieHTiB 3 ycix rpyn nicns nikyBaHHs CTaTuCTUYHO
3HaYyLLO BIAPI3HANMCA Bif pesynbTaTis, WO BCTAHOBUN
[0 nikysaHHs (p < 0,05).
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o nikysaHHs1 noka3Huukm CAT i OAT y xBopux i3
reHotunamu A/G i G/G nonimopcHoro 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 Noka3Hukn CAT micns
niKyBaHHS NOPIBHAHO 3 TaKUMK y XBOPUX i3 FEHOTUMOM
A/A: 132,24 £ 0,34 mm pT. 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 4oaaTkoBoro npuaHa-
YeHHs amnoauniHy notpebysany 2 XBopuX i3 NEPLLIOi rpynu,
1 nauieHT i3 apyroi, 2 ocobu i3 TpeTboi. Taky KopekLio
MeaMKaMEHTO3HOI Tepanii 34iCHUNM CUTyaLiiHo, NOCTIlHE
MpUIAMaHHS amrnoauniHy NPOTAroM BCbOro Nepioay crocTe-
PEXEHHS He JoUinbHe.

MpoaHanisysasLum nokasHukm ExoKl™ y nauieHTis go
nikyBaHHs1, BCTaHOBWMM: 0cobu 3 reHotunamun A/G i GIG
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 TEHAEHLiH0 BU3HAYM-
M i Wodo iHWKX gocnigpkyeaHnx 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 3anyyany Tinbku nawieHTis 3i 36epe-
JKEHO CUCTONIMHO (hyHKLiEt0. BTiM, ouiHtoBaHHA PB sik
OCHOBHOTO MokasHwka cucTonivHoi yHkuii J1LL nokasano: y
XBOPWIX Apyroi Ta TpeTboi rpynn OB J1LL gocToBipHO Hinkya,
HiX y navjeHTis nepLuoi (60,67 + 0,36 %, 60,64 + 0,55 % i
62,03 + 0,44 % BignosigHo, p < 0,001). Lli aaHi 3biratotbcst
3 pesynbratamu iHWKX JOCimKeHb, Mifg Yac SKWX BCTa-
HOBMMW BNNMB nonimopdHoro mapkepa 2350 A/G reHa
AlN® 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 cro-
cTepexeHHs. Lie e cnpuatnueium iHaukatopom edexTus-
HOCTi NPU3HAYEHOT CXeMU NiKyBaHHS Ha NpoLecy perpecii
rinepTpodpii Miokapaa J1LL. 3asHaunmo, Lo nicns nikyBaHHs!
MMIILW Ta iMMIILL y nauieHTiB apyroi Ta TpeTboi rpyn Bynm
CTaTUCTUYHO 3HaYYLLIO BULLIMMM LLIOAO NOKA3HWKIB XBOPHIX 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 NepLUoi rpynu
(3 reHoTunom A/A nonimopdoHoro mapkepa 2350 A/G reHa
AlNo).

JlinigHniA npodink y nauieHTiB Apyroi Ta TPeTbOoi rpyn
[0 NiKyBaHHS XxapaKkTepn3yBaBCs BiPOriAHO BULLMMM MOKa3-
Hukamm TI, 3XC, XC NMHLY, i Hwkumnm pisHem XC JTNBLL,
MOpIBHSHO 3 XBOpUMU NepLuoi rpymu (p < 0,05) (mabn. 3).

Micns nikyBaHHS BCTAHOBWIU CYTTEBE 3MEHLLEHHS
CTYNeHs aTeporeHHoi Aucninigemii, sky Ao 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

BUMipHOBaHHSA

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 nikyBaHHsA D0 NiKyBaHHA nicns nikyBaHHA D0 NiKyBaHHA nicns nikyBaHHsA

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 £ 0,48°7

1: CTAaTUCTMYHO 3HaYYLL BIMIHHOCTI MK NOKa3HWUKaMK 0 Ta Nicns NikyBaHHS y nawjieHTiB i3 reHoTunom A/A, p < 0,05; 2: CTaTUCTUYHO 3HaYYLLi BiAMIHHOCTI MiX NOKa3HWKamMm
[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: ctaTUCTYHO 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 O NiKyBaHHSI; 7: CTaTUCTUYHO 3HaYYLL
BiZIMIHHOCTI 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

TMLUMZA, 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 BIAMIHHOCTI 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: cTaTUCTUYHO 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 NaLlieHTiB

i3 reHoTnom G/G po Ta nicnsi nikyaHHs, p < 0,05; 6: cTaTMCTUYHO 3HaYYLL BiAMIHHOCTI 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: CTAaTUCTMYHO 3HaYYLL BIMIHHOCTI MK NOKa3HWKaMK o Ta Nicns NikyBaHHS y navjieHTiB i3 reHoTunom A/A, p < 0,05; 2: CTaTUCTUYHO 3HaYYLLi BiAMIHHOCTI MiX NOKa3H1KkaMm
[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: cTaTMCTUYHO 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 NEpLLOi 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 40,162 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: cTaTMCTMYHO 3HaYyLLi BiAMIHHOCTI MOKa3HWKIB NaLieHTIB

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

BW3HAYMIM B YCiX XBOPMX, 3ay4EHNX [0 AOCHIMKEHHS.
Tak, y BCix NavieHTiB 3ahikCOBAHO [OCTOBIPHE 3HIKEHHS
piBHiB 3XC, Tpurniuepuais i XC JIMHLL, a Takox cratuc-
TUYHO 3HaudyLle 3pocTtaHHst piHs XC NMNBL (p < 0,05).
HaibinbLu BUpaxeHWi rinoninigeMiyHni echexT BUSHaunmm
B nauieHTis 3 A/AreHoTMNoM nonimopdHoro mapkepa 2350
A/G AT1® nopiBHSHO 3 XBOPUMM i3 ApYroi Ta TPETbOI 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 piseHb 'KH, iHcyniny y kposi, HbA1c Ta inoekcy HOMA-IR
Yy XBOPWX Apyroi Ta TPETbOI rpyn MOPIBHAHO 3 NaLlieHTamu i3
nepLuoi rpyn (3 A/A reHoTtunom, p < 0,05) (mabr. 4).

MMicns nikyBaHHS BCTAHOBWMM CTATUCTUYHO 3HAYYLLE
3HWxeHHs piBHiB TKH, HbA1c, iHcyniy 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
HamicToTHiWi 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 cupoBaTLi KpoBi NaLieHTIB 3 yCiX TPbOX
rpyn BOCTIMKEHHS. SHKEHHS piBHS IP nicns nikysaHHs y
BCiX XBOpUX, ki nepebyBany nig cnocTepeXeHHsIM, Maro
MO3NTUBHI KOPENnsLiHi 38'A3kK 3i 3MEHLUEHHSM NpOsiBIB
ML (p < 0,05). Kpim TOro, Nicns nikyBaHHS B YCiX nali-
€HTIB 3adhiKCOBaHO MO3WNTMBHI KOPENsILiiHi 3B’A3KN MixX
3HWxKeHHaM IMT i ameHLweHHam nposis ML (p < 0,05).

06roBopeHHA

Cepen YMHHUMKIB PU3UKY PO3BUTKY Ta MPOrpecyBaHHs
Al HabinbLL 3HaYyLLMMK € CNadKoBi, WO BU3HAYAThb
po3BMTOK, 0COBNMBOCTI Nepebiry 3axBoproBaHHs, edek-
TWBHICTb 3aCTOCYBaHHSA Nikapcbkux 3acobiB i MPorHo3
[32,33,34,35,36).

Mig yac Haworo OoCniaKeHHs BCTAHOBUIN, IO BCi
obcTexeHi 3 Al i komopBigHum LU 2 Tuny manu nosuTyBHi
pesyrsTaTi BHACTIGOK 3acToCyBaHHS 0BpaHoi nikyBaribHOi
TaKTUKY, LLO nepeabadarna BKITHYEHHS O CXEMM MiKyBaHHS
kapseqinony Ta nisuHonpuny. 3adikcoBaHo CTaTUCTUYHO
3HauyLLe 3HWKeHHs piBHiB | CAT, i [JAT, a TaKOX 3MEHLLEHHS!
nposBiB rinepTpodii Miokapaa NiBoro LLIyHO4Ka B YCiX XBO-
pyix, sIki 3anyyeHi 40 gocnimkeHHs. 3azHaummo, wo MMJILL ta
iMMIILL y nauienTis i3 reHotunamm A/G | G/G nonimopdHoro
mapkepa 2350 A/G reHa AP nicnsi nikyBaHHS CTaTUCTUMHO
3HaUyLLIO GinbLui, HiX y XxBOpUX NepLuoi rpynu (A/A, p < 0,05).

Ob6paHa cTparterisi nikyBaHHs1, Lo nepeabdbavana 3a-
cTocyBaHHs kombiHaLi iHribiTopis Al® i 6eTa-bnokatopa,
6yna epeKTVBHOH LLOAO 3HYKEHHS AT O LiinbOBUX PIBHIB.
BusiBneHa edbekTUBHICTb LMX rpyn Mikapcbkux 3acobiB
BiONOBiAAe pesynbraTam, Lo BCTAHOBUNM iHLI Jocnig-
HUKKW. Tak, BCTAHOBMEHO, LLO NaLjieHTy 3 NoniMopiaMom
reHa AIN® manu BUCOKY YyTnmBICTb Jo 6eTa-brnokaTopis,
CepenHI0 YyTnmBIiCTb 40 GriokatopiB aHrioTeH3uHy Il Ta
iHribiTopis Al®, cnabky Bignosigb Ha AiypeTuku [37].
3a3Haummo, LU0 B NaLiEHTIB 3i «CNPUATINBUMY FEHOTUNOM
A/A nonimopdHoro mapkepa 2350 A/G Al® 3achikcoBaHo
HalLLBMALLE JOCArHEHHS Ta cTabinisaLito LinboBMX PiBHIB
AT. Pa3om i3 TUM, y XBOPUX i3 «HECTIPUSTIIMBUMI» FEHO-
Tunamn A/G i G/G y npoueci NikyBaHHs! BUSHAUYEHO GirnbLL
BupaxeHuin perpec ML nopisHsHO 3 navieHTamm 3 A/A
reHoTunom. Brim, kpawwin KiHueBuin pesynsraT 3adikco-
BaHO B navieHTiB 3 A/A reHoTUMoM.

Y KniHivHIn npakTui Bucokuin AT nos’s3aHni i3 cep-
LIeBO-CYAMHHUMM Ta LiepebpoBackynsipH1Mu nogismm [38].
Tomy pesynbraTy BU3HAYEHHS NOniMopiaMy reHoTumy
AT MOXyYTb He Tinbkw 6yTv NiArPYHTAM ANs iHavBigyani-
30BaHOI aHTUrNEPTEH3MBHOI TEpanii, — Ha NpakTUL Li AaHi
MOXHa BUKOpUCTaTY | ANst NPOrHO3yBaHHsS €PEKTUBHOCTI
nikyBaHHs1. MepenbayatoTb, LLO Taka aHTUrNepTeH3MBHa
Tepanisi 3MEeHLUMTb YacToTy MNEPTEH3NBHUX YCKNaHEHb
BHaCniZoK e(heKTUBHOIO 3HWxeHHS AT, 30kpema B naLlieH-
TiB i3 koMop6igHum LI 2 Tvny.

Y HacTynHWX JOCHIMXEHHAX OOUINBbHO PO3LUMPUTK
BMOIpKY XBOPUX i AOCMIAUTI NepexpecHi nonimopdismu,
L0 MOTEHLAHO MOXYTb BMIIMHYTW Ha NpOrpecyBaHHs
ycknagHeHb Al y BigaaneHin nepcnektusi. Kpim Toro,
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BU3HAYEHHS reHeTUYHOro nonimopdiamy reHa AMN® y
B3aeMOi 3 nepexpecH1Mm nonimopdismMamu cnpusiTume
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 iICTOTHO BUP@XEHWUMU FiNepTpodivH1MM 3MiHaMU
MioKapAa NopiBHAHO 3 NauieHTamu 3 reHoTunom A/A.

2. [JouinbH1UM € BUKOPUCTaHHSA AaHWX LLOAO FreHOTUNIB
A/G i G/G nonimopgHoro mapkepa 2350 A/G reHa AN sk
npenukTopi po3suTKy ML i MeTabonivHMX NopyLUeHb, LU0
aCoLLitOHOTHCS 3 BULLMMM MokasHukamm IMT, rnikemii Ta iHey-
NIHOPE3WUCTEHTHOCTI, 3HA4HOO aTEPOreHHO AUCHIiNiEMIErD
y nauieHTiB i3 komop6igHum nepebirom Al i L 2 Tuny.

3. MeaukameHTOo3Ha Tepanisi, WO BKIYAE Ni3nHO-
npwvn i kapsegainon, cnpuse eHeKTUBHOMY 3HVXKEHHIO ap-
TepianbHoro Tucky B nauieHTis 3 Al i LI 2 Tuny 3 pisHuvn
nonimopdizmamm 2350 A/G reHa AlN®, ane HaiedekTnB-
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 [TILW nicns nikyBaHHs.

MepcnekTUBM NOAAABLUUX AOCAIAXKEHb MONAraldTb
Yy NMPOAOBXEHHI BUBYEHHS! BMNINBY OLHOHYKNEOTULHOIO
nonimopdiamy AMN® Ha npouecu MiokapgianbHoro pe-
MoAentoBaHHs B nauieHTis i3 komopbigHictio Al i LI 2
Tuny. Lle cnpusitume po3pobneHHio nepcoHicikoBaHoro
€(PeKTMBHOMO OBIOCTPOKOBOIO TEPANEBTUYHOTO KOHTPOIO
apTepianbHOro TUCKy Ta 3anobiraHHI NporpecyBaHHIo
rinepTpodii NiBOTO LUMyHOYKA.

diHaHcyBaHHA
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Y BinbLUOCTi NaLieHTIB NOXWOrO BiKy NpU3HaYeHHs HeobxigHoro 06’emy iHdy3ilHOI Tepanii 4ns npodinakTuky NpepeHansHoOro
rocTporo nowukomkeHHs HUpokK (MMH) notpebye inavBeiayaniauii. BeaxatoTb, L0 ynbTpassykose gocnipkeHHst (Y3[) HKHbOT
nopoxHUcToi BeH (HIMB) moxe ByTn edheKTMBHUM AOAATKOBMM METOLOM OLHIOBAHHS BOMEMIi B WX NaLieHTIB.

Meta po6oTu — BU3HaYeHHsi eCDeKTUBHOCTI iHApY3iliHOT Tepanii Ha OCHOBI peayrkTaTie Y3[1 HUKHBLOT MOPOXHWUCTOT BEHU A1st
npodbinaktuku IMH y repiaTpuyH1x XBOPUX MICAs ypreHTHOT abaomiHanbHoi Xipyprii.

Marepianu i MmeToau. [1o NpoCneKkTMBHOIO OAHOLIEHTPOBOTO AOCHIMKEHHS 3anyyunnu 50 nauieHTis Bikom 74,5 (68,0; 81,0) poky.
XBopwx noginunu Ha agi rpynu: rpyna A (n = 25, iHdysiiiHa Tepanis, Lwo spaxosye pesynsratu Y3[] HIB); rpyna B (n = 25,
iHDya3iiiHa Tepanis, Npu3HaYeHa Ha nigcTasi 3MiH NapamMeTpiB remoamHamiku Ta giype3sy). diametp HINB Bu3Havanu 3a gono-
MOroto ynTpacoHorpadii (ynstpassykosui aatumk CH-6, SIEMENS, Acuson Antares), noka3Huk1 reMmogmHaMiky oLiHoBanm
3a gonomoroto TexHonorii esCOO (moHiTop Vismo PVM-2701K, Nihon Kohden, AnoHis). [Ins BUsiBNeHHs Ta cTagiloBaHHs
IMH BukopucTanu knacudikauito KDIGO. CtatucTuiHviA 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 iHgekc (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 noTpebyBanu BUKOpUCTaHHS
Basonpecopis (p = 0,026), B 2,8 pasa — 3acTocyBaHHs aiypeTukis (p = 0,008). KopensuiiiHuii 38’830k Mix yaapHum 06’'eMom,
CepueBMM iHOEKCOM, cepedHiM apTepianbHuM TUCkoM i giameTpom HIMB cnabkwii, ane goctosipHuid (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 abaoMiHanbHOI Xipyprii y BigAineHHsX iHTeHcuBHOI Tepanii. OuiHIoBaHHS BONeMii,
LLI0 BPaxoBYye pe3ynbTaTh BU3Ha4YeHHs MakcumanbsHoro fiametpa HIMB, — xopoLuuii foAaTKOBUI METOL, 3aCTOCYBaHHS SIKOrO
cnpusiTUMe iHaMBIgyanisauii 06’emy nicnsionepavinHoi iHy3iliHoi Tepanii, Wwo beanocepeaHbO CNpsiMOBaHa Ha ONTUMI3aLLilo
CUCTEMHOI reMofuHaMiky, 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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OpwuriHaAbHiI AOCAIAXKEHHS

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 NauieHTV noxunoro Biky [1,2,3,4].

IHy3iHa Tepanisa — BaxMBa cknagosa nicnsione-
paLiiHOro NiKyBaHHS LWX MavieHTiB. BHYTPilLHbOBEHHE
BBeLEHHS pianHn HeobxigHe nepedyciM Ans NigTPUMKM
KpoB0ODGiry Ta 3abe3neyeHHs JOCTaBKM KUCHIO [0 XKUTTEBO
BaXIMBUX OpraHiB. 3aHaaTo Manuii 06’'eM piaMHHOTO Ha-
BaHTaXEHHS MOXe MPKU3BECTW A0 riNOBONEMIi, 3HUKEHHS
nepdys3ii opraHis, LMPKYNSTOPHOTO LUOKY Ta NpepeHanb-
HOrO rOCTPOTO MOLLKOMKEHHS HUPOK (TTTH). HagmipHe npu-
3HaYeHHs pigyHW 30inbLUYE KiMbKICTb NiCnsonepauinHnx
ycKnaHeHb, 6e3nocepenHbo noripLuye (yHKLito fereHb i
cepLs, a TaKOX 3aroeHHs onepaviiiH1xX paH Ta aHacTaMmo-
3iB BHACMIZOK NokanbHoro Habpsiky TkaHuH [1,3,4,5,6,7].
MopoBxeHe nepeHaBaHTaXEHHS PiAVMHOK NPU3BOAUTH
[0 eHpoTenianbHOT AMCHYHKLIT Ta CUCTEMHOTO iHTEPCTHU-
LiiarnbHOro HabpsiKy, 30KpeMa ClPUYMHSIE 3aCTill Y HUpKax,
3HWKEHHS! HUPKOBOI Nepdoysii Ta kiy604KoBOT dinbTpaLlii,
LLIO 3rofloM TaKOX MOXe 3ymoBUTY po3suTok [MTIH [5].

[nsa nauieHTiB NOXMNoro Biky XapaKkTepHUM € 3Hu-
XEHHs isionoriYHnx pesepsiB, BiKOBI aHaTOMiYHi Ta
(hyHKLIOHaMbHI 3MiHM OpraHiB, BUCOKa YacToTa CynyTHiX
3axsoptoBaHb [6,7]. Lli dpaktopmn 3Ha4yHO nigBuLLYyOTb
PU3UKN HEraTUBHKX HACMigKiB | HeQOCTaTHLOI, 1 HagMip-
HOI iHpy3iHOI Tepanii. ToMy Ans repiaTpu4H1UX XBOpUX
NPU3HAYEHHs1 ONTUManbHOrO 06’eMy piguHHOT Tepanii
nicns onepaii € 0cobn1BO BaXINBUM.

BuisHaueHHs gediumTy piavHy Ta 06’'emy perigpatavi
B YPreHTHil abgoMiHanbHil Xipyprii € CknagHum 3aBaaH-
HAM. Taki XBOpi HepidKko MalTb B aHaMHe3i HyaoTy Ta
HeoHOpa3oBy GOBOTY, YACTO NPOTSATOM KinbKOX AHIB, a
OTXe B HUX BI3HaYatoThb ICTOTHY Aerigpartavito. [ina agek-
BaTHOI NepionepaviiHoi KoMneHcaLjii Takoi aerigparavii y
navlieHTiB MOXWITONO BiKY yXXe BaXIMBWUM € MaKCUMarbHO
TOYHE BU3HAYEHHS pearnbHOro BONEMIYHOTO CTaTycy 3 OLji-
HIOBaHHAM JeilnTy pianHM Ta NOrOAUMHHUM KOHTPOMEM
remo-rigpobanaHcy [7].

KniHiuyHi 03HaKu Ta 3MiHW napameTpiB reMoanHaMIKV
MOXYTb CPOPMYBATU NEBHE YABIMEHHS NPO CTaH BOneMii
B MauieHTa, ane BHACMIQOK Aii KOMMNEHCATOpHUX Mexa-
Hi3MiB BOHM BUSBNAOTLCS He ogpasy [8]. [loBeaeHo, wo
apTepianbHui Tuck (AT) Moxe 6yT1 HopManbHUM HaBiTb
MNPV Takil BTPaTi pianHW, WO AOCTaTHS AN PO3BUTKY NO-
niopraHHoOI HeAOCTaTHOCTI. YacToTa cepLeBMX CKOPOUEHb
(4YCC) i piypes — nokasHMKK, L0 He TiMbKW XapaKTepuay-
t0Tb BONEMIYHWIA CTaTyC NaLieHTiB, ane 1 3MiHIoITLCA Npuy
rocTpOMy 3ananeHHi Ta peakuii Ha ctpec [1]. [o Toro X,
CynyTHS KapgiarnbHa naTomnoris y XBOpyx MOXWIIOro BiKy
Ta NocCTiiHe NpUIAMaHHA Npenaparis, O BMNMBaOTb
Ha CepueBO-CYANHHY CUCTEMY, He AalTb 3MOrU YiTKO
opieHTyBaTuCh Ha nokasHuku AT, YCC i giypesy nig yac
OLjiHIOBaHHS BONIEMIYHOTO CTaTyCy.

YnbTpa3ssykoBe gocnimxeHHs (Y3[1) giametpa Huk-
HbOT nopoxHucToi BeH (HINB) sik foaaTkoBoro kputepito
CTyneHsi BOMEMii LUMPOKO 3aCTOCOBYHOTb Y Cy4acHii
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iHTEHCMBHIN Tepanii Ans onTuMisavii iHdysinHoi Tepanii.
HINB mae HanbinbLUMIA fiamMeTp B YCili BEHO3HIl CUCTEMI.
Lle ToHKOCTIHHa Ge3krnanaHHa 3ac4epeBMHHa CyayHa, WO
BiZNOBIZAE 3a MOBEPHEHHS BENUKMX 00'EMIB AeoKcure-
HOBAHOI KPOBi 3 HWMXHIX KIHLIBOK | YepEBHOT NOPOXHUHM
B npaBe nepencepas. 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 LpKymioe [9].

[JocnigpxeHHs nokasanu, wo giametp HIMB 3HayHO
MEHLLMIA y MaLEHTIB i3 NiNOBONEMIELD, 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 TpMBaniLIWiA i CKNagHiLLMA METOA, OLHIOBAHHS
peakLiii Ha BBeAEHHS pianHW. BBaxatoTb, L0 BU3HAYEHHS
came KpUTWYHOI rinoBonemii abo HopmoBoneMmii Moxe
Oy KOPUCHWUM M Yac OOCMIMmKEHHS peakuii Ha BHY-
TPILLUHLOBEHHE BBEAEHHS PiaVHW Ta ANs Kopekuii 06’'emy
iHY3ilHOT Tepanii y XBOpUX, B SKUX CKNaAHO OLHATK
CTyniHb AediumnTy piauHu Ta roro Tpusanicts [11].

MeTta pobotu

BusHaueHHst echekTUBHOCTI iHGpy3iHOT Tepanii Ha OCHOBI
pesynetatiB Y3[ HWKHBOT NOPOXHWUCTOI BEHW Ans Npo-
inaktukn MMIH y repiaTpuyHnX XBOPUX NiCNs ypreHTHoT
abpomiHanbHoi Xipyprii.

Marepianu i meToAM AOCAIAKEHHA

[ocnimkeHHst cxBaneHe Komicieto 3 nutaHb GioeTuku
3anopi3bkoro AepxaBHOro Meauko-thapMaLeBTUYHOro
YHiBEPCUTETY; yCi NaLieHTV Haganu NMCbMOBY iH(POPMO-
BaHy 3rofly Ha y4acTb.

[lo 0QHOLEHTPOBOIO MPOCMEKTUBHOMO AOCMIMKEHHS
nocnigoBHo 3anyyunnu 50 nauieHTis Bikom noHag 60 pokis.
Yci xBopi NpoonepoBaHi ypreHTHO 3 NPUBOAY NEPUTOHITY
Ta Hagjiiwnm Jo BigdineHHs iHTeHcvBHoI Tepanii (BIT)
AN NPOJOBXEHHS MiKyBaHHSA. KpuTepii BUKNOYEHHS
— MOLLKOXXKEHHSI CEYOBOro Mixypa, XpOoHiYHa HUpKoBa
HE[O0CTaTHICTb B @aHaMHe3i, MEPUTOHIT Ha (hOHI TSHKKOrO
naHkpeaTtuTy abo NaHKPeOHeKPO3y, HaaxomkeHHs oo BIT
nicnsa penanapoToMii.

Lnaxom npocToi KoMM'toTEPHOI paHgoMi3aLii na-
LieHTiB moginunn Ha ABi rpynu: A — rpyna iHameigyani-
30BaHOI iH(Y3iNHOI Tepanii 3 OLiHOBaHHAM BONeEMii Ha
OCHOBI AaHUX Y3[] HUXHBOT NOPOXHNCTOI BeHU, B —rpyna
CTaHOapTHOI iH(Y3iHOT Tepanii 3 BU3HAYeHHAM BOMeMil
Ha OCHOBI 3MiH NapameTpiB reMoavHamikvi Ta Aiypesy.
[ocnigxeHHs TpMBano 4o Yacy, Konm XBOpUiM Mir BinbHO
npUIMaTI piauHy BCepeayHy; MakcumarnbHa TpuBarnicTb
— cboMa foba nicnsionepaLiiHoro nepiogy.

[ns aHani3y 3ibpaHo fAemorpadiyHi, KNiHiYHi Ta nabo-
PaTOpHi AaHi, NepBUHHI Ta BTOPWHHI giarHo3w. MNepegone-
paLiiHo 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 piBHA B Mexax 7 AHiB
a60 3pocTaHHs 227 mkmonb/n (0,3 mr/an) y mexax 48 rognH

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 AHIB
ab0 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
abo aHypist 212 roguH

Puc. 1. Y3[1 HuxHbOI nopoxHucToi BeHu (BnacHi aai). MMN: npase nepeacepas; M: neuinka;
MB: neuiHkoBa BeHa; HMB: HWXHS NOPOXHUCTA BEHa.

122

kanbkynstopa ACS-NSQIP [12]. Onepauii BCiM XxBOpUM
BVKOHAHO Nif TOTaNbHOK BHYTPILLHLOBEHHO aHECTESIEND
3i WTyYHO BeHTUnduieto nereHb (LLUBIT). Y nicnsione-
paviiHoMy nepioAi B NaLieHTIB 34iCHANN CTaHAAPTHUN
MOHITOPWHI TeMOAWNHAMIKW, BUMIPANY BHYTPILLIHbOYE-
peBHWiA TUCK (BYT) TpaH3BesukansHUM metogom (Kron
& Iberti, 1984), ouiHUNM TSAXKICTb CTaHy 3a 4OMNOMOrOK
wkanu SOFA [13], BusHauunu cepuesun iHgexc (Cl) ta
yaapHuii o6’em (YO) 3a gonomoroto TexHororii esCOO
(moniTop Vismo PVM-2701K, Nihon Kohden, Anoris).
LLloaHs nig yac nepebyBaHHs nauieHTiB y BIT BusHavanu
HasBHICTb Ta cTapito [TIH BignosigHo fo knacudikavii
KDIGO [14] (mabn. 1).

lMpoTarom 72 roguH nicns onepavii XBopum 3Ainc-
HUNWM MynbTUMOAAnbHY aHanresito 3 060B’I3KOBUM
perioHapHUM 3He60MBaHHAM NepeaHboi YepeBHOT
cTiHku (TAP-block abo rectus sheath block). [ins BeHTn-
nauinHoi nigTpumky y BIT 3a notpebu BrkopucToByBanu
npogosxeHy LLIBJTanapatom Hamilton C1'y pexumi ASV
3i 36epexeHHIM AuxanbHUX 3ycurb.

LLloaeHHO 3paHKy xBopuM rpynu A BukoHysanu Y3[]
HVKHBOI MOPOXHWCTOI BEHM Ta Kopuryeanu o6’em iHdysin-
HOT Tepanii 3anexHo Bif 1oro pesynerartis. Bumiptosanu
aiametp HIB i3 cybkocTansHOro 4OCTyny 3a AONOMOro0
KOHBEKCHOrO fjaTumka 3 Yactototo xsuni 2-5 My (ynb-
Tpassykosui aatynk CH-6, SIEMENS, Acuson Antares)
y NONOXEeHHI NavieHTa nexaun Ha cnui. Mig yac gocni-
[DKEHHS1 JaTumk No3uLioHyBanu cnpasa Bid cepeaHboi
TiHiT, BUKOPUCTOBYHOUM NEYIHKY SIK aKyCTUYHE BIKHO Anst
Bi3yanisaLji No300BXHLOr0 306paXeHHs HXHBOT MOPOX-
HucToi BeHw. [liameTtp HIMB BuMiptoBanu Ha BiacTaHi 3 cm
Bif, NpaBoro nepeacepas abo besnocepeaHLO AUCTanb-
HilLle Big NeYiHKOBOI BeHM (puc. 1).
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[iametp HMB >10 MM BU3HA4YMAK SIK HOPMOBOEMIO,
piovHHY Tepanito (BpaxoBytoum nepopanbHe NpUAMaHHs
PiAMHM) NPU3HAYMNKW 3aNeXHO Bif disionoriyHnx notped
BIZMOBIAHO A0 BiKy Ta NATONOrYHMX BTPAT (rineprepmis,
6ntoBoTa, TaxinHoe Towo). fliameTp HINB >20 MM Bu3Ha-
YUNK SIK NPEAMKTOP rinepBoneMmii, 0bMexunu BBeOeHHS
piavHKM BignoBigHO Ao dhiionoriyHoi notpebu 3a ikom. [i-
ametp HIB <10 MM B13Ha4Y1nu Sk rinoBONEMIt0, TOMY KpiM
dpisionoriyHnx noTpeb y piavHi, BPaxoBykUmM NaTonorivHi
BTpaTu, xBopi otpuMyBanu 8—10 mn/kr/poby kpucTanoigis
i3 HacTynHUM koHTponem Y3[1 HIB.

XBopi 060X rpyn AOCNIAXEHHS OTpUMyBanu
36anaHcoBaHi iHQy3iiiHi po3unHun. [okasaHHa ans
NPU3HAYEHHS AiyPETUKIB Y BCIX NALIEHTIB — HEMOXK-
BiCTb 0OMEXUTU NpUIMaHHS piaunHK, 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,
TpuBanicTb nepebyBaHHs y BIT, BuxvBaHiCTb NaLieHTiB.

CTtatucTMYHMIA aHani3 3aiicHMNM 3a 40NOMOro
nporpamu Statistica for Windows 13 (StatSoft Inc.,
Ne JPZ8041382130ARCN10-J). BeanepepBHi AaHi
HaBeeHi SK MefjiaHa Ta MiXXKBapTUIIbHWI po3Max; KaTe-
ropianbHi AaHi — K BigcoTkW. [ns NOPiBHAHHS KAiHIYHKNX
XapaKTepucTuK y rpynax sukopuctanu U kputepin Ma-
Ha—BiTHI. 1N BU3Ha4YeHHs kopensuii Mix nokasHukamm
3acTtocyBanu koegiuieHT CriipmeHa. BigmiHHOCTI 3i 3Ha-
YyeHHsM p < 0,05 BBaxanu BiporigHUMK.

PesyAbTati

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

3a gaHumu, Wo HaeedeHi B mabnuui 2, rpynu na-
LieHTiB 3icTaBHi 3a Bikom, cTatTio, IMT, komopbigHo
naTosorieto, TAKKICTIO CTaHy, XxapakTepuctnkamu one-
paTUBHUX BTPy4aHb i BENMUYMHOK (DaKTUYHOTO PU3MKY
po3BuTKY micnsionepauinHoro MH. MNepegonepauiiHo
nauienTv rpynu A Manu BULLMIA piBeHb reMornobiHy, ane
mefiaHa nokasHukiB B 060X rpynax Bignosigana Hopmi:
145 (129; 154) r/n y nauienTiB rpynun A Ta 122 (89; 143)
r/n'y naujenTis rpynu B. Micns onepalii rpynu nawjieHTis
BiporigHoO He Biapis3HANUCS 3a NOTPebot B reMoTpaHc-
dysii Ta YacToToro nicnsionepadinHoi 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 nicns onepauii 11 (44 %) naujeHTis i3 rpynn A manu
piametp HIB meHwe Hix 10 mm, 1 (4 %) xBopun mas
diametp HIMB noHag 20 mMwm.

Y nicnsonepadiiHomy nepiogi nauieHtv rpynu A
OTpUMYBanM JOCTOBIPHO BinbLuuii 06’em iHy3ilHOT Te-
panii (p = 0,049). Xou4a 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 manum goctosipHo GinbLunii Cl (3,78
(3,02; 4,16) n/xe x Mm% Ta 3,10 (2,68; 4,12) n/x8 x M? Big-
nosiaHo, p = 0,016), cepenHin 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 Manu JOCTOBIPHO MeHLUNA Yac nepebyBaHHs y
BIT — 42 (35; 102) roguHu npotn 80 (48; 176) roguH y
rpyni B (p=0,028). Y H1xX B13HaYeHa 1 BULLLA BUKMBAHICTb
— 88 % npotn 40 % (p = 0,004). Mpynu focnimKeHHs He
BiOPI3HANMCS 3@ 4acTOTO, TpMBAnICTHo Ta ctagieto [MH.
XogHomy nauieHTy 3 060X rpyn He NpusHadanu 3amicHy
HUpKOBY Tepanito B nicnsonepaviiHomy nepiogi. Brim, i
cepepHin piBeHb kpeaTuHiny (KP), i ioro makcumanbHe
3HAYEHHS HWXYi B NauieHTiB i3 rpynn A MOpPIiBHAHO 3
xBopumu 3 rpynu B: KP — 133 (95; 176) mkmonb/n i 165
(120; 212) mkmonb/n BignosigHo (p = 0,002); KP max
— 153 (107; 180) mkmonb/n i 191 (134; 263) mkmonb/n
BianosiaHo (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 BCTaHOBWIM, 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
€ OLHIOBaHHSA CTaHy BOMeMii AN BU3HAYEHHS TaKTUKW
iH(pysinHOT Tepanii. HeaBaxatoun Ha npoBeadeHy nepea-
Ta iHTpaonepaLiiHy piauHHY pecycuuTaLliio, XBOpi Ayxe
4acTo HapxoaaTtb 4o BIT y ctani rinosonemii; dikcytoTb
TaKoX BUNaZKW, KOMK NaLieHTN ofepxXyBanu HagMipHUi
00’eM pignHW. Y pasi niagTBepMKEHOro NpepeHasibHoro
IMH 306inblueHe iHdy3iliHe HAaBaHTaXEHHS € 30M0TUM
craHgapTom. OfHak NPOJOBXKEHHS Takoi Tepanii micns
KopeKLii rinoBonemii Npn3BoanTb A0 30iNbLUEHHS 3a-
XBOPIOBAHOCTI, CMEPTHOCTI Ta TpMBanocTi nepebyBaHHs
B NiKapHi, @ Takox 40 NiABULLEHHS PU3NKY PO3BUTKY
nicnsonepadinHoro MH [15].

HwxHS nopoxHuUCcTa BeHa — MmarictpanbHa BeHa 3
BMCOKIM CTyMeHeMm konancy. ii giameTp TicHo kopenioe
3 (byHKUiAMM npaBoro Bigdiny cepus. BctaHoBneHo,
wo Ha giametp HIMB He BnnMBae KOMMEHCATOpHa Ba-
30KOHCTPUKTOPHA peakLjisi opraHiamy Ha BTpaty ob'emy
KpoBi, Wo unpkynoe. OTxe, aiametp HIMB TovHiwe xa-
pakTepusye cTatyc 06'€MHOMO HaMOBHEHHS CYAWH, HiX
iHWi napameTpw, WO OnucyTb poboTy apTepianbHoi
CHCTEMW OpraHi3my, SK-0T apTepianbHUin TUCK, YacToTa
CepLeBmX CKOPOYEHD i MymnbCy, AiameTp aopTu ToLo [16].
Noka3HMKM reMogmHaMmiky He € HaginHUM OPIEHTUPOM He
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OpwuriHaAbHiI AOCAIAXKEHHS

Tabauus 2. 3aranbHa XxapakTepucTuka nauieHTis

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

Bik, poku

Yonogiva ctatb, n (%)
IMT, kr/m?

Komop6iaHa 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 %)
MepeponepauinHuit nepion

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

Puavk I'MH

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

®aktnaHun, %
BuxigHuin Hb, r/n

4,15 (1,95; 6,75)
130,5 (102; 151)

3,20 (1,10; 8,00)
145 (129; 154)

5,00 (3,30; 6,40)
122 (89; 143)

BuxigHuin KP, mkmons/n 100 (83; 129) 93 (82; 119) 103 (92; 129)
Atewmis, n (%) 11(22 %) 3(12 %) 8 (32 %)
IHTpaonepauinHuit nepioa

Onepauis

Jlanapotowmisi, n (%) 48 (96 %) 23 (92 %) 25 (100 %)
Jlanapockornis, 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)
Basonpecopw, n (%) 18 (36 %) 8(32 %) 10 (40 %)
MicnsionepauiiHunit nepion

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;885) 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 pr. 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)

IMH, 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 IMH, 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: iHgekc macu Tina; CH: cepueBa HepgocTaTHicTb; FX: rinepToHiuHa xBopo6a; LU: LykpoBuii
aiabert; MMH: roctpe nowkomxkeHHs HUpok; Hb: remorno6in; KP: kpeatuHin; Cl: cepuesuii ingekc;
CAT: cepepniit apTepianbHuii Tuck; BUT: BHyTpiHbOUepeBHUIA THCK; YO: yaapHuii 0b'em.

TiNbKMW 115 CTaHIB HU3bKOro 06'eMy KPOBI, LLIO LIPKYTHOE,
ane i He AatoTb AOCTOBIPHOI OLLIHKM HOPMOBOSIEMIT a6o
nepeBaHTAXEHHS! PiAMHOID, TOGTO He BKa3yOTb, KONW Chif,
MPUMYHATY BHYTPILUIHBOBEHHE BNMBaHHS pianHu [17]. Ha
BigMiHy Bif NniaHoBOi a6A0MiHaNbHOI Xipypril, B yPreHTHX
BUNaAKax ayKe CkrnagHo JOCTOBIPHO OLIHWTY peanbHui
rinppobanaHc XBoporo, amxe [OBOMI CKnaaHo obpaxysaTu
nepegonepawiiHuin aediumT pigrHn BHacnigok 6rnosoty,
0OMEXEHOro BXVBaHHS PiUHU Ta NaTonoriYHnx BTpaT y
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Tak 3BaHWiA TPETIN NpocTip. ToMy BUMIpIOBaHHS AiameTpa

2a HIMB € pouinbHYM METOLOM OLHIOBaHHS CTaHy BOMEMIi siK

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

120 © Po3pisHsaoTe ABa NPUHLMNOBUX MigXoau A0 Zocni-

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

MaKCVMasibHOro AjiaMeTpa Ta OLiHIOBAHHS AWXanbHOI
BapiabenbHoCTi (iHgekc poaTspkHocTi). Mig Yac Haworo
OOCNIMKEHHA HE BU3HaYanw iHgekc poatsbkHocTi HIMB,
a[pKe LA MeToamMKa nokasana abcontoTHY NPOrHOCTUYHY
LiHHICTb MLLE B KOHKPETHIN rpyni NaLieHTiB — Ha npumy-
coBilt LLBJy koHTponboBaHoMy pexumi (be3 anxanbHuX
3ycunb) [10].

BusHavanu came makcumanbsHui giametp HIMB, apxe
naLieHTu B nicnsionepaviiiHomMy nepiogi nepebysanu abo
0 . Ha CMOHTaHHOMY AUXaHHi, a60 Ha AOMOMiKHIN BEHTURALLT
o o nereHb 3i CMOHTaHHUMK AyxanbHUMK 3ycunnsamu. Bigo-

30 02 04 08 08 10 12 14 18 18 20 22 24 MOCTi (haxoBOi NiTepaTypu TakoX CBiAYaTh, L0 XBOPI 3

niguwernm BYT matumytb HIMB 3i 3HWXEeHUM KoMmn-
naeHcoMm, Lo Moxe OyTy MOMMIKOBO TpakToBaHo [11].
Bauman Z. et al. Bumipsinu HINB o Ta nicnst HaknagaHHs
26 MHEBMOMNEPUTOHIYMY Mif Yac nanapockoniyHOro BTpyYaH-

6 Hs1. ABTOpM BCTaHOBWNK, WO AiameTp HINB 3MeHLLyBaBcs
maixe Ha 24 % npw NiaBULLEHHI BHYTPILUIHBOYEPEBHOMO
° Tucky o 15 Mm p. cT. [18]. [ig yac HaLworo AoCHimKeHHS
5 o e megiaHa BYT y rpyni gocnimkeHHs craHosuna 7,4 (6,0;
° 9,0) MM pT. CT.; Lie He MOTIIO BNIMHYTW Ha [OCTOBIPHICTb
BUMiptoBaHHs giameTpa HIB.

Y npaui Y. Yanagawa et al. HaBegeHo, WO B naui-
€HTIB i3 TPABMOIO Ta LLUOKOM LiaMETP 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
o o HIMB <8 mm [20]. MeTtaaHani3 A. Dipti et al., 3giicHeHunin y
2012 poui, nokasaB: yCi NaLieHTH 3 LLIOKOM Manu po3mip
HIMB <15 mm, cepeaHe 3HayeHHs — 11 mm [21]. Y pobori

YO, mn

Cl, n/xs-m?
E

. o M. Feissel et al. nokasaHo, wo 29 i3 30 nawieHTiB, y AKUX
02 04 06 08 10 12 14 16 18 20 22 24 He 3aghikCoBaHO MO3UTVBHUX PE3ynbTaTiB Bif BBEAEHHS
HIB, cm piovHKM, Manu 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

28 [OCTaTHbO YYTIMBUM i crneundiyHUM KpuTepiem nosu-
150 TWBHOI peakLii Ha BBeAeHHs pignHm [23]. Schmidt G. A.
140 o © et al. 3anponoHyBanu cBil anropuTMm, SKLLO NALEHT Auxae

CroHTaHHO abo nepebysae Ha gonomixHin LLUBJI. Lien

anropuUTM I'PYHTYETBLCS Ha BUSHAYEHHI cCaMme MaKCyMarb-

Horo giametpa HIMB. AsTopy nokasdanu: 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 BIANOBIAI HA PiAVHY HU3bKa [24].

3a pesynbratamu Haworo gocnimkeHHs, 44 % na-

uieHTiB i3 rpynu A Haginwmm go BIT i3 giaverpom HIMB

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

npu3HaYveHHs «nibepanbHoiy iHgy3iHoi Tepanii; 4 % xBo-

PUX Manu fiaMeTp HWXHBOT 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. Kopensuiiiuwit awania wix HIB Ta YO (a), CI (6), CAT (8). AyMKY, Came anropuTM Kopekuii iHebyaiiHoi Tepanii, Wwo

I'PYHTYETLCS Ha OLIHIOBaHHI MakcumanbHOro giameTpa

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. X0Ya rpynu AOCHiKeHHs JOCTOBIPHO
He Bigpi3HAnMcs 3a YacToToto Ta TpusanicTio ['MH 3rigHo
3 kpuTepismu KDIGO, nicnsionepaLiiiHi piBHi KpeaTuHiHy
BipOrigHO Hvpkui B rpyni, Ae BukoHany Y3 HIMB.

[pyrim BaXnvBMM acneKTOM € KOHTPOMb AOCTATHOCTI
BBeZEHOI pianHn. KpiM cTaHgapTHOro reMoamMHamiyHoro
MOHITOPUHTY, HaN4acTiLLe AN LbOro KMiHILMCTW NpU3Ha-
YaroTb aiypetuku. 3rigHo 3 BucHoskamu |. E. McCoy et al.,
AiypeTvK1 3acToCcoBYBasiM Maxe B MOMOBWHI BUNAKIB
rocniTaniauii fo BipAineHs iHTeHcBHOT Tepanii (49 %,
22 569 i3 46 037 nauieHTiB). ABTOpY BCTAHOBWIH, LLO
dypocemin — HaNMOLMPEHIWWA CEYOriHHMIA 3acib, a
TaKoX 3pobMIM BUCHOBOK, LU0 CTpaTerii Lo3yBaHHS Aiy-
peTuKiB MOXyTb ByTV HeonTuMansHUMK [25].

3a pesynbratamMu HaLoro AOCTIMKEHHS!, B MaLieHTIB
3 rpynu A 3adikcoBaHO AOCTOBIPHO MEHLLY 4acToTy
NPU3HAYeHHS CeYOriHHMX 3acobiB. 3MEHLLEHHS BUKO-
PUCTaHHA OiypETUKIB, HAa HaLLy OyMKY, NMOB'si3aHe came
3 3aCTOCYBaHHSM [104aTKOBOrO KPUTEPIKD OLiHIOBaHHS
— piametpa HIMB, wo Bu3HaveHun 3a gonomoro Y3/,
a TaKOX TOYHILLMM KOHTpONem 06’eMy BBEAEHOT PiAVHM.

BucHoBKU

1. IHdpy3iHa Tepanis, WO rPyHTYETLCA Ha pesyrb-
Tatax Y3[] HUWXHbLOI NOPOXHWUCTOI BEHW, MOXe ByTK
€(PeKTMBHOI B repiaTpUyHNX XBOPWX MICNSA YPreHTHOI
abnomiHanbHoiI Xipyprii y BinAineHHsX iHTEeHCUBHOI Tepari.

2. OuiHioBaHHs BOMeMii, L0 BPaxoBye pesynsratu
B3HAYEHHA MakcumanbHoro diametpa HIB, — xopoLuui
[l0AaTKOBUI METOA, 3aCTOCYBaHHS SIKOTO CrpUsiTUME
iHAvBigyanisawii 06’emy nicnsgonepauinHoi iHy3inHOT
Tepanii, Lo 6e3nocepeaHbO CpsiMOBaHa Ha ONMTUMI3aLL|0
CUCTEMHOI reMoAMHaMiKuW, onocepeaKoBaHo — Ha Npodi-
nakuky IMIH.
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Influence of diabetes on the character of changes of resorption
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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 TKAHWHaX 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
3arasbHoI NPaKTWKW, @ TaKoX CTOMAaTonork. PaHHi natonorivxi 3MiHu, Lo MaHicheCTytoTb CaMe B POTOBIl MOPOXHWHI, BU3Ha-
YatoTb aKTyanbHICTb | CoLlianbHy 3HauyLLICTb L€ naTonorii, amke nikapi-ctomaronoru 3aebinbLoro nepLuMmm AiarHocTyoTb
po3naau ByrneBoaHOro 06MiHy 3a pesynsTataMmu aHanisy cneumndivHuX ckapr i TMNOBOT KNIHIYHOT CUMMTOMATVKM YLIKOMKEHHS!
C130BOi 0BONOHKM 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 Noginunn Ha 8 rpyn no 15 TBapuUH y KOXHIN. [nst aetanbHoOro aHanisy ocobnmeocTen nepebiry Ta MexaHiamiB po3BUTKY
yCKnagHeHb nicns ekcTpakuii 3yda Ha Tni LI BUkoHanm KoMneKcHi iMyHoricTonorivHi, pagiorpadiyHi Ta GioxiMiuHi JOCTiMKEHHS.
[nsi ouiHIOBaHHS CTaHy BPOKEHOI NaHKM MIiCLLEBOTO iMyHITETY, 0cobnmBocTe nepebiry npoLecis penapaLii B piaHi TepMiHu
MOCTEKCTPAKLINHOrO nepioy iMyHOrCTOXiMIYHO BU3HAYMNW PiBHI KNITUHHOI Nponidhepaii (3a ekcnipecieto Ki-67), koHUeHTpauji
Ta BMicTy CD68-no3uTuBHIUX Makpodaris y crn3osiit 060MoHLj. [111s BUSHAUEHHs CTaHy KICTKOBOI TKaHWHM 3yBoLlenenHoro
anaparty Ta piBHiB MiHepanisaLii TBepAnX TKaHWH MONSIPIB y TBAPUH EKCTIEPUMEHTaNbHIX rpyn npoaHaniayBany pagiosisio-
rpacpiuHi 3HIMKM NpaBoi HaniBMaHAMOYM 3 BU3HAYEHHSAM 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 BTpyYaHHsS Npu3BO4MB A0 iHTeHcudikavii
npoueciB pe3opOuii B KICTKOBI TKaHWHi. Lie nigTBepmKeHOo 3HMKEHHSIM pagionoriYHOT LiNbHOCTI B KOPEHEBIN AiNsHLi NnepLuoro
morsipa N BHYTPILUHbOANbBEONSIPHUX KICTKOBUX MEMOPAH YCiX TPbOX HUXHIX MOMSIPIB.

BucHoBku. B iHTakTHOMY napogoHTi Maibke He BusiBnsnum CDB8-iMyHONO3MTUBHI Makpodark, BU3HAYEHa AyxXe HU3bka
aKTUBHICTb NponidhepaLii y M’'sikux TkaHWHax napogoHTa. Mpy ekcnepuMeHTanbHOMY LiyKpoBOMY fiabeTi BUsiBreHa BuxigHa
3HauvHa gudy3Ha iHdinsTpauis CD68-iMyHONO3MTUBHUMM Makpodaramm 3 BUCOKOH NporichepaTBHOK aKTUBHICTIO GinbLLOCTi
¢hibpobnacris. IHaykoBaHWiA LyKpOBUIA AiabeT Y LLypiB HaBiTb 6€3 NoNepeaHBOro XipypriYHOro BTPYYaHHS 3yMOBITHOE NOCUNEHHS!
npoLeciB pe3opbuii B KICTKOBIN TkKaHUHI MaHAWBYNM Ta TpKBany NPOMOHraLlo NPOLeCy 3ananeHHs Micns 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
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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
3 molars, 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 iINOS, 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
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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.

Funding

The study was carried out as part of scientific research
work Zaporizhzhia State Medical and Pharmaceutical
University “Dynamic changes in the morphological and
biomechanical properties of tissues of the maxillofacial
region during the rehabilitation of patients with adentia”,
state regjstration No. 0118U007136 (2018-2022).

Conflicts of interest: authors have no conflict of interest to declare.
KoHOAIKT iHTepeciB: BiACyTHIl.

Haailiwaa ao peaakuii / Received: 05.03.2024
Nicas poonpavtosaHHs / Revised: 29.03.2024
CxBaneHo po Apyky / Accepted: 02.04.2024

Information about the authors:

Abramov A. V., MD, PhD, DSc, Professor of the Department of
Pathological Physiology with the Course of Normal Physiology,
Zaporizhzhia State Medical and Pharmaceutical University,
Ukraine.

ORCID ID: 0000-0001-8520-2258

Hanchev K. S., MD, PhD, Associate Professor of the Department
of Propaedeutical and Surgijcal Dentistry, Zaporizhzhia State
Medical and Pharmaceutical University, Ukraine.

ORCID ID: 0000-0002-5878-7980

Biaomocrti npo aBTopiB:

Abpamos A. B., A-p MeA. Hayk, Npodecop Kad. NatoAoriuHoi
disionorii 3 Kypcom HopmaAbHoI di3ionorii, 3anopisbkuii
AEPXaBHWI MeAUKO-GpapMaLIeBTUYHWI YHIBepcuTeT, YkpaiHa.
laHueB K. C., KaHA. MEA. HayK, AOLEHT Kad. NponeAeBTUUHOT
Ta XipypriyHoi cToMaToAorii, 3anopisbkuil AepXaBHUN MEANKO-
dapmaLEeBTUYHUI yHiBEPCHUTET, YKpaiHa.

References

1. Wang Q, Lin W, Zhou X, Lei K, Xu R, Zhang X, et al. Single-Cell Tran-
scriptomic Atlas of Gingival Mucosa in Type 2 Diabetes. J Dent Res.
2022;101(13):1654-64. doi: 10.1177/00220345221092752

2. KondoT, Gleason A, Okawa H, Hokugo A, Nishimura I. Mouse gingival
single-cell transcriptomic atlas identified a novel fibroblast subpopu-
lation activated to guide oral barrier immunity in periodontitis. Elife.
2023;12:RP88183. doi: 10.7554/eLife.88183

3. Agrafioti P, Morin-Baxter J, Tanagala KK, Dubey S, Sims P, Lalla E, et
al. Decoding the role of macrophages in periodontitis and type 2 diabe-
tes using single-cell RNA-sequencing. FASEB J. 2022;36(2):e22136.
doi: 10.1096/f.202101198R

4. Ando Y, Tsukasaki M, Huynh NC, Zang S, Yan M, Muro R, et al. The
neutrophil-osteogenic cell axis promotes bone destruction in periodon-
titis. Int J Oral Sci. 2024;16(1):18. doi: 10.1038/s41368-023-00275-8

5. Bendek MJ, Canedo-Marroquin G, Realini O, Retamal IN, Hernandez
M, Hoare A, et al. Periodontitis and Gestational Diabetes Mellitus: A
Potential Inflammatory Vicious Cycle. Int J Mol Sci. 2021;22(21):11831.
doi: 10.3390/ijms222111831

6. Kiencato A, Jamka-Kasprzyk M, Panas M, Wyszyniska-Pawelec G.
Analysis of complications after the removal of 339 third molars. Dent
Med Probl. 2021;58(1):75-80. doi: 10.17219/dmp/127028

7. Tambella AM, Bartocetti F, Rossi G, Galosi L, Catone G, Falcone A, et
al. Effects of Autologous Platelet-Rich Fibrin in Post-Extraction Alveolar
Sockets: A Randomized, Controlled Split-Mouth Trial in Dogs with
Spontaneous Periodontal Disease. Animals (Basel). 2020;10(8):1343.
doi: 10.3390/ani10081343

8. Cheng Y, Al-Aroomi MA, Al-Worafi NA, Al-Moraissi EA, Sun C.

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

10.

1.

12.

13.

14,

15.

16.

OpwuriHaAbHiI AOCAIAXKEHHS

Influence of inflammation on bleeding and wound healing following
surgical extraction of impacted lower third molars. BMC Oral Health.
2023;23(1):83. doi: 10.1186/s12903-023-02754-0

Uluibau IC, Jaunay T, Goss AN. Severe odontogenic infections. Aust
Dent J. 2005;50(4 Suppl 2):S74-81. doi: 10.1111/1.1834-7819.2005.
tb00390.x

Ghaeminia H, Nienhuijs ME, Toedtling V, Perry J, Tummers M, Hoppen-
reijs TJ, et al. Surgical removal versus retention for the management
of asymptomatic disease-free impacted wisdom teeth. Cochrane
Database Syst Rev. 2020;5(5):CD003879. doi: 10.1002/14651858.
CD003879.pub5

Ko Kl, Sculean A, Graves DT. Diabetic wound healing in soft and
hard oral tissues. Transl Res. 2021;236:72-86. doi: 10.1016/j.
trsl.2021.05.001

Graves DT, Ding Z, Yang Y. The impact of diabetes on periodontal
diseases. Periodontol 2000. 2020;82(1):214-24. doi: 10.1111/prd. 12318
Schimmel M, Srinivasan M, McKenna G, Miiller F. Effect of advanced
age and/or systemic medical conditions on dental implant survival: A
systematic review and meta-analysis. Clin Oral Implants Res. 2018;29
Suppl 16:311-30. doi: 10.1111/clr.13288

Borgnakke WS, Genco RJ, Eke PI, Taylor GW. Oral Health and Diabe-
tes. In: Cowie CC, Casagrande SS, Menke A, Cissell MA, Eberhardt
MS, Meigs JB, et al., editors. Diabetes in America. 3rd ed. Bethesda
(MD): National Institute of Diabetes and Digestive and Kidney Diseases
(US); 2018 Aug. Chapter 31.

Zheng Y, Deng J, Wang G, Zhang X, Wang L, Ma X, et al. P53 neg-
atively regulates the osteogenic differentiation in jaw bone marrow
MSCs derived from diabetic osteoporosis. Heliyon. 2023;9(4):e15188.
doi: 10.1016/j.heliyon.2023.e15188

Abramov AV, Hanchev KS. [Quantitative analysis of proliferative activity
in the periodontal tissue of the rats following tooth extraction against a
background of experimental diabetes mellitus]. Clinical and experimen-
tal pathology. 2019;18(1):10-5. Ukrainian. doi: 10.24061/1727-4338.
XVIII.1.67.2019.199

ISSN 2306-8027 http://pat.zsmu.edu.ua


https://orcid.org/0000-0001-8520-2258
https://orcid.org/0000-0002-5878-7980
https://doi.org/10.1177/00220345221092752
https://doi.org/10.7554/eLife.88183
https://doi.org/10.1096/fj.202101198R
https://doi.org/10.1038/s41368-023-00275-8
https://doi.org/10.3390/ijms222111831
https://doi.org/10.17219/dmp/127028
https://doi.org/10.3390/ani10081343
https://doi.org/10.1186/s12903-023-02754-0
https://doi.org/10.1111/j.1834-7819.2005.tb00390.x
https://doi.org/10.1111/j.1834-7819.2005.tb00390.x
https://doi.org/10.1002/14651858.CD003879.pub5
https://doi.org/10.1002/14651858.CD003879.pub5
https://doi.org/10.1016/j.trsl.2021.05.001
https://doi.org/10.1016/j.trsl.2021.05.001
https://doi.org/10.1111/prd.12318
https://doi.org/10.1111/clr.13288
https://doi.org/10.1016/j.heliyon.2023.e15188
https://doi.org/10.24061/1727-4338.XVIII.1.67.2019.199
https://doi.org/10.24061/1727-4338.XVIII.1.67.2019.199

Original research

UDC 616.718.4-089.843-74:546.82]-018.4-092.9-07
DOI: 10.14739/2310-1237.2024.2.306822

Peri-implant osteogenesis on alumina-coated titanium implants
in rat femur: morphological and elemental analysis of implant surfaces

0. 0. Bondarenko®**A8¢2, A, H. Bozhko®*?, M. A. Skoryk®>2¢, N. S. Bondarenko®*°?,
I. S. Shponka®*EF 0. Ye. Loskutov®AEF

*Dnipro State Medical University, Ukraine, %G. V. Kurdyumov Institute for Metal Physics of the National Academy of Sciences of Ukraine, Kyiv

A - KOHLIEMLLS Ta AU3ANH AOCAIAXEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTaLis AaHux; D - HanucaHHs cTaTTi; E - peparyBaHHs CTaTTi;
F - ocTatouHe 3aTBEPAXEHHS CTaTTi

Keywords:
orthopedics,

implants, functional-

protective coatings,

corundum ceramics,

aluminum oxide,
osteoinduction,
osteoconduction,
osseointegration,
scanning electron
microscopy, energy
dispersive X-ray
spectroscopy,
peri-implant
osteogenesis.

Pathologia.
2024;21(2):132-140

*E-mail:
olex.0.bondarenko@
gmail.com

Katouosi croBa:
OPTONEANYHI
iMnAaHTaTy,
DYHKLIOHaAbHO-
3aXMCHI NOKPUTTA,
KOpPYHAOBA
Kepamika, OKCUA
AAOMIHILO,
OCTEOIHAYKLIA,
OCTEOKOHAYKLIA,
ocTeoiHTErpaLis,
pacTtpoBa
ENEKTPOHHa
MiKpOCKOnis,

eHeproa1cnepciita

PEeHTreHiBCbKa
cneKTpockonis,
nepiiMnaaHTaTHUi
OCTEOTrEHES.

Naronoris. 2024.
T.21, Ne 2(61).
C. 132140

132 ISSN 2306-8027  http://pat.zsmu.edu.ua

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.

NepiimnAaHTaTHUM OCTEOreHe3 Ha TUTAHOBMX iMMAQHTaTaXx i3 KOPYHAOBUM NMOKPUTTAM
Yy CTErHOBiN KicTui Wwypa: MOp¢POAOTriUHUH Ta EAeMEHTHUN aHaAi3 NOBEPXOHb iMNAQHTaTY

0. 0. boHaapeHko, A. T. Boxko, M. A. Ckopuk, H. C. BoHaapeHkKo, 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 HACTYMHI AOCRIMKEHHS B Uil ranyai.

Meta po60oTH - NOPIBHATM NepiiMnnaHTaTHUI OCTEOrEHE3 Ha TUTAHOBWX CTEMHOBMX iMMMaHTaTax 3 antoMOOKCUAHUMI KOMMO-
3UTHUMMN NOKPUTTAMM, LLIO HAHECEHI Pi3HUMMW METOAAMM, 3i 3BUYAWHUMM TUTAHOBUMM IMMIAHTaTaMy Ha TBAPUHHIN Moaeni.

Marepianu i meToau. IMnnaHTaTi NickocTpyMUHHO 06po6KIN KapBigoM KPEMHIKO, NNasMOBUM NarbHUKOM i OKPUMW TUTAHOM,
KOPYHZOM, HAaMUINEHNM TUTAHOBUM IPOTOM abo rigpokcuanaTuToM. Y pesyrbTarti 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 TpuBanocTi ekcnoauuii (1, 2 abo 4 TxHi). PparMeHTV iMNNaHTaTIB NpoaHani3yBanu 3a JOMOMOrOK CKaHyBamnbHOI efnex-
TPOHHOI MIKPOCKOMii Ta eHEProanCNepPCIHOI PEHTTEHIBCHKOT CNEKTPOCKONi ANs KiNbKICHOMO BU3HAYEHHS XiMIYHUX €NEMEHTIB.
O6paxyBanu CniBBigHOLIEHHS BYMeELIO A0 a30Ty Ta Kanblito 4o docdopy. [aHi npoaHanisysanu 3a 4ONOMOroK KpUTepito
U-MaHHa-BiTHi, piaHuuto npu p < 0,05 BU3HaUMnM sk CTaTUCTUYHO 3HAYYLLLY.

PesyabTatn. Pe3ynbrati eHeprogmcnepciiHoi PEHTreHIBCbKOT CNEKTPOMETPIT NATBEPAXKEHO AaHMMM MOPOMOriYHOTO aHanisy,
AKUN 3AIACHUMN LNSIXOM KifIbKiICHOMO Ta SIKICHOTO OLiHKOBaHHS XiMIYHOTO CKnaZdy NOBEpXHi iMnnaHTartiB. BuaHaumunm knoyoBi
eneMeHTu, BaXInMBi ANs igeHTUdIKaLii KOMMOHEHTIB KICTKOBOI TkaHUHW, sk-0T konareH (C i N) i rigpokcuanatut (Ca i P), a
Takox nokpuTTs imnnanTatis (Ti, Al, Cai P). Bmict Byrneuto Ta pocdopy 3amiHi0BaBCS 3 4acoM, 3 iCTOTHAMM BiAMIHHOCTAMY 3a
rpynamu. AntomiHi BUSiBUBCS CTabinbHAM B OOHUX rpynax, ane 3MiHBaBCA B iHLLKX. PiBeHb karnbLlito crnoyaTky 3anuwascs
HU3bKWM, @ B iIMNaHTaTax 3 rigpoKc1anaTUToBUM NOKPUTTSM HEYXUIbHO 3pocTaB. YacTka TUTaHy crovatky byna BUCOKOH,
ane 3 Yacom [JeLLo 3Hwxyeanacs. [aHi MopdonoriyHoro aHanisy kopentoanu 3 pesyrnbrataMmii BUMIPOBaHHS LOPCTKOCTi
noBepxHi. Tak, BMICT hibpuHy, konareHy Ta KiICTKOBOI TKaHUHM B Pi3HWX rpynax 3 4acoM 3MIHIOBaBCS, i B OKpEMUX rpynax
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OpwuriHaAbHiI AOCAIAXKEHHS

BU3HAYMNMN iICTOTHE HAKOMMYEHHS MiHEpani3oBaHOi KICTKOBOT TKaHUHU. Yepes YoTMpK TUXHI B OKPEMMX rpynax 36epiranmcst
3ryCTKMW KPOBI, @ B iHLUMX BUSIBAMY PEMOENIOBAHHS KICTKOBOT TKAHUHW 3 HAsBHICTIO ocTeobnacTis i octeoknacTis. MokpuTTs
Ha OCHOBI IMIMHO3eMY Manu 03HaKu Aerpagallii — cepen Makpodaris i BOMOKOH BUSIBIIEHO NYCOYKM LIbOTO MOKPUTTS.

BucHoBku. Pesynbratv gocnimxeHHs fanv ninctasy 3pobuTi BUCHOBOK, LLO CTabiNbHi KICTKOBI iMNiaHTaTy nepeBepLUyoTh
antoMOKOMMO3WTHI MOKPUTTS B LOBFOCTPOKOBI OCTEOoIHTerpaLlii 3aBasKM MEXaHiyHil cTabinbHOCTI. Xova kepamiyHi KomMnosnTu
CroyaTky NoKpaLLytTb OCTEOIHAYKTUBHI BNACTMBOCTI, HEOOXiaHe Kpalle NPUKPINMeHHst 40 TUTAHOBOI OCHOBMW.

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
1.8
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 2.97
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

1.7 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 4 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

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

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 significantincrease
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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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. For instance,
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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Clinical-pathogenetic and prognostic value of the nitrotyrosine level
in the blood serum of patients with coronavirus disease (COVID-19)

with pneumonia
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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 CUpOBAaTLi 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 NHEBMOHiI€t B PO3BUTKY KUCHEBOI 3aN1EKHOCTI Ta PU3KKy NIETanbHOroO 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. XBopux noginunu Ha rpynu: | — 32 naujieHTu 3
cepenHLOTsHKKM nepebirom 6e3 kucHeBoi 3anexHocTi; Il — 91 ocoba 3 TskkUM Nepedirom i KUCHEBO 3anexHicTto. MavieHTis
Il rpynn fogatkoBo noginunu Ha nigrpynu: |1-A — 45 xBopux, siki ogyxxanu; |1-B — 46 oci6, siki nomepnu. Y cupoBaTLi KpoBi navi-
€HTIB BU3HauMnM BMICT HITpoTUpo3uHy (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 XxBopoby 6e3 03Hak KMCHEBOI 3anex-
HocTi. PiBeHb N0ro 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/mMn (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 xBopodu 3Havyiia (AUC = 0,842, p < 0,001).

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

ISSN 2306-8027 http://pat.zsmu.edu.ua

Keywords:
coronavirus
disease, COVID-19,
viral infection,
pneumonia,
oxidative stress,
nitrotyrosine,
diagnosis,
prognosis.

Pathologia.
2024;21(2):141-147

*E-mail:
ryabokonzsmu@ukr.net

KatouoBi croBa:
KOpPOHaBipycHa
xBopoba, COVID-19,
BipyCHa iHdeKLiA,
NMHEBMOHiS,
OKCUAATUBHUI
cTpec,
HITPOTUPO3UH,
AiarHocTuka,
NPOrHo3.

Naronoris. 2024.
T. 21, Ne 2(61).
C.141-147

141


https://orcid.org/0000-0002-7394-4649
https://orcid.org/0000-0001-5575-9901
https://orcid.org/0000-0003-1273-5314
https://orcid.org/0000-0002-2273-8511
mailto:ryabokonzsmu%40ukr.net?subject=
https://doi.org/10.14739/2310-1237.2024.2.299314

142

Original research

BcraHoBneHi kopensuii niaTBepaXyoTb KMiHIKO-NaTOreHETUYHY POrb HITPOTUPO3VBHOIO CTPECY Y PO3BUTKY «LIMTOKIHOBOrO
LUTOPMY» Ta NoniopraHHoi HeQOCTATHOCTI. BMIiCT HITPOTUPO3MHY Kopentoe 3 piBHeM C-peakTuBHOrO npoteiHy (r = +0,25,
p < 0,05), nokasHMKOM CriBBigHOLLEHHS aDCOMIOTHOI KiNlbKOCTi HEMTPOiniB 40 abContoTHOI KinbkocTi nimcgoumTis (r = +0,26,
p < 0,05), akTMBHICTIO anaHiHamiHoTpaHctepaan (r = +0,26, p < 0,05) Ta NoKasHUKOM LUBMAKOCTI kKny6oukoBoi dinbTpauii

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

[liarHoCTMYHE 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 XBopobu. Tak, 36epexeHHs
piBHS HITPOTMPO3UHY >507,98 Hmonb/mMn (AUC = 0,681, p < 0,001) y LbOMY TEPMiHi CMOCTEPEXEHHS CBIAYUTL NMPO BUCOKY

iIMOBIPHICTb HaCTaHHs NeTanbHOro HacmigkKy.

BucHoBkuM. Y xBopux Ha COVID-19 i nTHEBMOHItO piBEHb NiABMLLEHHS HITPOTUPO3UHY B CUPOBATLIi KPOBI 3aNeXWTb Bif, PO3BUTKY
KVICHEBOI 3aneXHOCTi Ta HacniaKy xsopobu. HanieuLLmiA piBeHb HITPOTPO3UHY BU3Ha4eHO y naulieHTiB i3 COVID-19 i nHeBMoHi€t0
3 TshKkKkM nepebirom. CTyniHb NigBULLEHHS LIbOTO MOKa3HMKa Mae AiarHOCTUYHY LHHICTb LWOAO 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. ltis 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 1) 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).

ISSN 2306-8027 http://pat.zsmu.edu.ua

143



Original research

800

700

600

500

400

300

200

100

Nitrotyrosine , nmol/ml 1B

728.54*

320.77

| group Il group

Sensitivity

Nitrotyrosine

100_4|_|—'_'7
80 |

60j

40 H

200 AUC = 0.909
i p <0.001

O

0 20 40 60 80 100

100-Specificity

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

ISSN 2306-8027 http://pat.zsmu.edu.ua

145



146

Original research

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, butis 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 CKACyBaHHA AOAABaHHS 40 DXi XxapyoBoi 4oOaBKK rnyTamary Hatpilo Ta
nepeBeaeHHs IX 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 NOCUNEHHS CMaKOBWX SIKOCTEN; Apyra AOCMigHa — Lypu Yepes 8 TUXHIB
Micns BXWBaHHSA rnyTamary HaTpilo nepeBedeHi Ha CTaHAapTHY JieTy Ta BUBEAEHI 3 EKCEPUMEHTY Yepes 8 TuXHIB (Ha 16
TWXKOEHDB); TPETS — LLYPU KOHTPOMbLHOI rpynn A0 8 TUXKHIB; YeTBEPTa Cepisi — KOHTPOMbHI LLypW A0 16 TUXHIB EKCNIEPUMEHTY.
MNigwnyHkoBy 3ano3y (Nicns BUBEOEHHS LLYPIB 3 EKCIEPUMEHTY, NPOBEAEHHS MaTepiany Yepes napadiH i BAroTOBIEHHS 3pi3iB,
3abapBneHHs reMaToKCUMIHOM Ta €03VMHOM, a3aHoM) JOCHiANIY MOPGONOTNiYHO 3 BUKOHAHHSM MOPGOMETPUYHOTO aHaniay.

Pesyabraty. Y nepLuint i gpyrii cepisix ekcneprnMeHTy 36epiranick atpodiyHi A AereHepaTvBHI 3MiHV aLMHYCIB, LLIO AMCKOMIIEK-
COBaHi BHACMIZOK HAbpsiKy opraHa, Manu ApibHi po3mipu. Mix YacToukaMy Ta HaBKOMO YaCTOMKOBMX NPOTOKIB BidyanidyBanu
CMOSYYHy Ta AiNSHKM XXMPOBOI TKAHWHW, A1dy3HO-0CEPEAKOBI iHiNbTpaTy. MNMpoTokM po3LwmpeHi. Ak i B nepLuiii cepii, 3adikco-
BaHO Habpsik napeHXiMy opraHa, CTIHOK CyAUH i MPOTOKIB i3 BUXOAOM PiAMHY B MiXaLyHapHi NPOCTOPU, anomnTo3 eK30KPYHOLTIB.
Mig yac MophOMETPUYHOTO AOCTIMKEHHS €K30KPUHHOI YaCTUHM NiALLNYHKOBOT 3251031 BUSHAYUNW: CepeaHin pPO3MIp auuHyciB
CTaTUCTUYHO 3HAYYLLIO 3HVKEHWI y NepLUin i apyri gocnigHux cepisx — B 1,4 i 1,6 pasa; nnowi — 1,2 Ta 1,5 pasa nopieHsSHO
3 MOKa3HMKaMm1 KOHTPOSbHWX TBAPWH (TPETS i YeTBepTa cepii). Y nepLuiit i Apyrii cepisx BUSBNEHO NepeBaXaHHs aLnHYCiB
poamipamu 71-90 mkm, wWwo cTaHoBunn 38 % i 34 % BiONOBIAHO; Y KOHTPOMbHWX Cepisix NepeBaxan auyHycu po3mMipamu
91-100 MkM (46 % Ta 42 % BignosigHo) Ta 111-149 mkm (36 % i 38 % BignosigHO). B aumHycax y nepLuii cepii BUSBUNM €K30-
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 Apyril cepii cTaHoBuna 61,95 + 1,91 mkm?2, y nepLwiit 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
ZIiETY BiBapil0 Yepe3 HacTymnHi 8 TKHIB He 3adhikcOBaHO MOKPALLEHHS CTaHy MNigWnyHKOBOI 3anosu. Lle nigTeepmxeHo
MOpONOoriYHUMK Ta MOPOMETPUYHUMM AOCTIMKEHHSAMM.

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
[00aBoK, L0 BUKOPUCTOBYIOTb AN MOCUNEHHS CMaKy
ixi. [myTtamar Hatpito (monosodium glutamate, MSG),
BioOMUI Takox sik E621, 3a3Buyaii 4ogaroTb A0 PisHMX
Xap4oBMX MPOAYKTIB y nobyTi Ta npomucnosocTi [1].
OpHak [o3mn Ta iXHiM BNAWB HA 340POB’S MHOAWMHU AOCi
3anuLatoTbea akTyanbHUM 06’ekToM BaraTbox ekcre-
pPUMEHTanbHUX JOCNIMKEHb HA TBAPUHAX | KIMiHIYHWX
BunpobyeaHb [2,3,4,5]. JocnigxeHHs nokasanu, Wwo
36inblueHe Ta TpuBane BXMBaHHS rnyTtamary HaTpito
3 DKeK HeraTMBHO BMMBAE Ha nediHky [3], HUpku [5],
cenesiHky [6], nigwnyHkoBy 3ano3y [4,7], nereHi [8],
CNPUYMHSIE OXMPIHHS Ta AiabeT [8], nopyLuye penpoayk-
TWBHY oyHKUito [3,9], npusBoanTb go rinepanresii [10] Ta
nobGiYHMX ebekTiB LWOoAo CepLEeBO-CYANHHOI Ta iMYHHOT
cuctem [11], nopyLuye mM’a3u Ta ix popMyBaHHs B eMb6-
pioHiB [2,12,13], 3yMOBMNIOE HEMPOTOKCUYHICTb [14,15] i
FeHOTOKCUYHICTb [16].

Yxe 3[IMCHNIN YuMano ekcnepuMeHTanbHux fo-
CrimkeHb WOAO Aii rmyTamarTy HaTpilo, 30kpema 1 Ha
nigLwnyHKoBy 3ano3y. [poTe B 4OCTYMHIN HAayKOBIN NiTe-
paTypi He BUSIBUIN Pe3ynbTaTiB 4OCMKEHb Ha JOPOCNX
TBapUHaXx LLOAO CTPYKTYPHUX OCOBNMBOCTEN NiALLITYHKO-
BOI 3a51031 MiCNs TPUBANOro BBEAEHHS ryTamaty HaTpito
3 XXeto Ta nicns Moro ckacyBaHHS.

Merta po6otu

BusHaunTi MopdbonoriyHi Ta MopchoMeTpryHi 0cobnmBoc-
Ti CTPYKTYPHUX 3MiH KOMMOHEHTIB €K30KPUHHOI YaCTUH
MiALLMYHKOBOI 3an03y LLypiB-CaMLiB NiCNs ckacyBaHHS
[ofaBaHHs [0 i xap4oBoi fJobaBky 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. IHwWi 10 wypiB oTpumyBanmu
CTaHOapTHy AieTy BiBapito. >KuBy Bary TBapyH Ha pisHnX
eTanax ekcrnepyMeHTy HaBeaeHo B mabnuuyji 1.

Yepes 16 TuxHiB Bara n'aTu OCNIQHMX LypiB
ctaHoBuna 409,76 + 11,73 1, M'ATbOX KOHTPOSIbHUX —
363,12+ 7,59 .

Ycix TBapWH yTpUMyBanu y CTaHgapTHUX YMOBax
BiBapito JIbBIBCbKOrO HaLiOHaMbHOrO MEAWMYHOTO YHIBEP-
cuteTy iMeHi fanuna Manvupkoro. MMig Yac gocnimkeHHs
[AOTPUMYBANMCS OCHOBHMX ETUYHMX NPUHLMNIB poboTK 3
eKCrepyMeHTanbLHUMM TBapUHaMK BigMoBiAHO [0 nomno-
XeHHs1 €BPONENCHKOI KOHBEHLii PO 3axMUCT XpebeTHMX
TBapWH, SIKUX BUKOPUCTOBYHOTb NS €KCePUMEHTANBbHIX
Ta iHWMX HaykoBwX Lineit (CTpacbypr, 1986 p.), a Takox
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3arasibHUX ETUYHMX NPUHLMMIB EKCMIEPUMEHTIB Ha TBApU-
Hax, Lo yxBaneHi Meplum HauioHanbHUM KOHrpecom 3
6ioeTtukm (Knis, 2001 p.), 3akoHy Ykpainu «[po 3axuct
TBaApPWH Bif, XXOPCTOKOrO NOBOAKEHHS» Bia 21.02.2006 p.
Ne 3447-1V 3i 3miHamm.

3 ekcnepuMeHTy LLypiB BUBOAUNM LUNAXOM Aekani-
Tauii nig iHranAuWinH1M Hapko3oM GieTunosuM edipom
yepes 8 (n=10) i 16 TwxHiB (n = 10). dekaniTaujs wypis
HeobxigHa 6yna ans GioxiMiYHUX OCTimKEHD, PE3yNnbTaTh
SIKUX BUKIA[HO B iHLLMX Mybnikauisx.

[ns rictonoriyHoro Ta MOpoOMETPUYHOrO JOCHi-
[DKEHHS 3pa3ki MiALLMTYHKOBOI 3a5103v NpoBOAMNN Me-
ToZamu CTaHAaPTHOI ricTonorii, 3anvMeBanu y napadiH. 13
6roKiB BUrOTOBNANM CEPINHI 3Pisn 3aBTOBLUKM 5—7 MKM
Ha mikpoToMi Reichert (AscTpis). denapadiHoBaHi 3piu
3abapBntoBany reMaToKCUIIHOM Ta €03WHOM, a3aHoM
ANS1 BU3HAYEHHS AiNSHOK CMOMyYHOI TkaHuHW. 306pa-
XEHHS TiCTOMOrYHMX Mpenaparis Ha MOHITOP KOMM'loTepa
BuBogmnu 3 mikpockona SEO SCAN 3a gonomoroto
Bigeokamepu Vision CCD Camera. BukopuctoBytouu
ii nporpamHe 3abe3neyeHHsl, B MiLWNYHKOBIA 3an03i
BUMIpIOBanM Hanbinblwmin diaMeTp auuHyciB Ta ixHio
nnowy (50 BUMIptoBaHb Ha KOXHUI TEPMIH JOCTIIKEHHS),
ZiameTp i nnotuy ek3okpuHoLUmTiB (50 KNiTUH) y HanGinbLL
PO3LLUMPEHMX YacTuHax. BusHavamm giametp BCTaBHUX,
BHYTPILLHbOYACTOYKOBUX | MiDKY4aCTOYKOBMX MPOTOKIB
MigLwnyHKoBOI 3ar103u (Mo 50 BUMIptoBaHb) y piaHi TEpMiHK
JOCTiMXEeHHS. YCi BUMIpIOBaHHS NPOTOKIB, aLMHYCIB Ta
€K30KPMHOLMTIB, 0BpaXxyHOK KIiTUH B aLyHycax 34incHUNM
npu 36inbLueHHi Mikpockona: okynsp — %10, 06’ekTvB —
x100; okynsp — x10, 06’extuB — x40.

[lnsa Bu3HaYeHHs po3noainy aLmHyCiB 3a pO3MipoM y
cepisix ekcnepumeHTy Bukopuctanu MS Excel ans rpyny-
BaHHS LUMX BUMIpIOBaHb Y AianasoHi Bif HaiMeHLLoro A0
HanBINbLIOro 3 BU3HA4YEHUM KPOoKoM. [ig yac rpynyBaHHs
uMdpoBnx faHux Bukopuctanu copmyny Cragxeca
(The Sturges rule) ona 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 KOHTPOSbHIl
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 nokasHukis noTpanuna ao
KOXHOI rpynu.

MokasHuKu, Wo odepxanu nig Yyac BUMIpHOBaHHS
auUMHYCIB Ta €K30KPUHOLWMTIB, NEPEBIPUIN HA HOPMarb-
HICTb PO3MOoAiny, BUKOPUCTaBLLK KpuTepin Konmoroposa—
CmupHoBa. Pesynkratit HaBefieHo sik CepesiHE 3HaYEHHS!
Ta ctaHgaptHa nomunka (M £ m). Ans 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 oyna 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
MOPIBHAHO 3 KOHTPOSbHO Yepe3 2 TUXKHI CTaHOBMB
14,7 %, vepe3 4 — 28,4 %, yepes 6 — 25,6 %, yepe3 8 —
14,5 %. HaibinbLumi npupicT Macu Tina Lypis 3adikco-
BaHO yepes3 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 BUSBNSAMM 3@ 3MEHLLEHHSIM PO3-
MipiB aumHycie. BoHu BigmMexyBanucs oawH Bif 04HOTO
Liapamm MyxKoi CrofyYHOI TKaHWHY, WO po3pocTanacs
MiX aLuHycamMu Ta B MiKYaCTOYKOBKX MPOMIKKaX, npu-
3B0OASYM 4O AedopMallii 1 OKPEMUX eK3OKPUHOLMTIB, i
aumHyciB. AUMHYCU Manu pi3Hi po3mipu Ta dopmu (go-
BracTo-NnoAoBXeHy, okpyrny abo osanbHy). Ha ainsHkax
BU3HAYEHO aumHycy 3 2-3 knituHamun. Mix aumHycamm
Ta HaBKOMO MPOTOKIB BUSIBNEHO ANdY3HO-0CEPEOKOBY
iHbinbTpauito (puc. 2).

[eski aumHycy i HaBiTb YacTo4KM Bynn Ha AinsHKkax
3aMiLLieHi XXMPOBOIO TKAHUHOD. BUSIBUMM TaKoX TsKi Ku-
POBOI TKaHWHMK, LLIO NoKanidyeanucs B Tpiagax abo cynpo-
BOZKYBanm npoToku. [poTokW po3LUMpeHi Ta 3anoBHEHI
PiOVIHOM, Ha AiNsHKAX BU3HAYMNW AeckBamalLlito ENiTENito.
BcraHounm BrpaxeHnii Habpsik opraHa. CyauHu sanani,
He MICTUNW 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 HacTymHi 8 TWXHIB NiCns ckacyBaHHS rmyTama-
TY HaTpito B €K30KPUHHIli YaCTWHI MiALLYHKOBOI 3251031
LLypiB 36epiran1chb OCTPIBLI CMOMy4HOIT Ta XMPOBOT TKaHU-
HW, PO3TaLLOBaHi Tak camo, ik i B NepLuilt cepii ekcnepm-
MEHTY. BUSIBUIN HaKOMMYEHHS CEKPETY B MiXKaLIMHAPHMX
MpOCTOpaXx, BEMNWKi BaKyOrlbHi BKMIOYEHHS Y BCTaBHMX
npoTokax, Andy3Ho-ocepenKoBy iHdinsTpaLio (puc. 3).

Y 3paskax 060x JOCRigHNX Cepiii BUSIBMEHO aLMHYCK
ApiBHMX pO3MipiB, OKPeMi BKMoHanm nuLie 2—3 ek3okpu-
HoumTU. 30eBiNnbLUOro eK30KPUHOLIMTI Marv XapakTepHy
MONSAPHICTb 3 anikanbHUM po3TallyBaHHAM saep, KOTpi
B3[OBX SiA€pHOI MeMBpaHu MICTUNW reTepoxpoMaTuH
i BKMIOYanu nepeBaxHo ofHe saepue. HanoBHeHiCTb
LMTONA3Mn NPOAYKTAMU CUHTE3Y B Pi3HWX KIiTUHAX
Bapitoana. Y AinsiHkax BU3HAYNIN aLUHyCK 3 JeCTpyK-
TUBHUMM 3MIHAMW: HEYITKICTIO KOHTYPIB, €K30KPUHOLMTU
— 3 nisncom sgep abo 3 kapionikHO30M.

Bu3HadveHo AinsHkv HabpsKy MigLLmyHKOBOI 3anosu,
LLIO NPW3BOAVMB O PO3MEXYBaHHS Ta AECTPYKLT aLmHYCIB
(puc. 4).

HesBaxatoum Ha (hyHKLIOHaNbHY aKTUBHICTb €K30KpK-
HOLWTIB, MPO LLIO CBiAYaTb iXHi CTPYKTYPHI 0COGNMBOCTI
(HaMOBHEHHS LWMTOMNa3Mu MPOAYKTaMm1 CUHTE3Y, 0cobmnu-
BO B NepudepnyHmX AinsiHkax opraHa), BUSIBNIEHO Je-
CTPYKTMBHI 3MiHW, NOB’A3aHi NepeayciM i3 pO3pOCTaHHAM
CMOMyYHOI TKaHWUHW, NOTOBLLEHHAM | HABPSKOM Kancynu,
CTIiHOK CyOVH, PO3LUMPEHHSIM NPOTOKIB.

Mix auuHycamu BU3HAYMMK HAKOMWYEHHS CEeKpeTy
— FOMOreHHi Macu pOXXEBOr0 KONbOopY, siki LLie 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 MiXaluHapHUx npocTopax, BEnvKi BakyosbHi BKMIOYEHHS Y BCTABHUX
npoTokax, AndysHo-ocepeakoBa iHginbTpaLlisi. AuMHycK piHoi (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.

ematokcunit 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 BEMNVKi BaKyomnbHi BkIIOYeHHs. 3adikcoBaHa
Andpy3sHo-ocepeakoBa iHinbTpaLis niMoigHo-nnasmo-
LMTapHUMKW enemeHTamm (puc. 5).

BuBumnu oLy Ta posmip aumuHyciB y rpynax TBapuH
(mabn. 2). BctaHoBWK, WO CepeHiii po3Mip aumHyciB y
LLypiB, SIKUX roayBany 3 4OAaBaHHAM riyTamary HaTpito,
anoTiM ckacyBarnu ioro BBEAEHHS!, CTAaTUCTUYHO 3HaYyLLO
3HWkeHu B 1,4 Ta 1,6 pasa, nnowa — B 1,2 Ta 1,5 pasa
BiZNOBIAHO MOPIBHAHO 3 KOHTPOMBHUMU TBAPUHAMN.

LLIo6 BM3HauMTK, ki pO3MIpY aLMHYCIB NepeBaxaroTb
Y KOHTPOIBHYIX | LOCMIAHUX CEPIsiX, 3AINCHUNM iX pO3noAin
Mz Yac rpynyBaHHs NokasHwKiB. [JaHi HaBeaeHo Ha puc. 6
i 7. BctaHoBunM, Wo HaibinbLie auuHyciB y nepLuin i
ApPYrii KOHTPOMBHWX 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 3a103u B
nepLUiN | Apyri OCMIQHUX rpynax nepesBaxan aLunHycu
poamipamm 71-90 MkM, Lo ctaHosum 38 % Ta 34 % Bia-
MOBIAHO; YacTka auuHycis poamipom 91-110 mkm — 20 %
Ta 24 % BignoBigHo (puc. 7). Ha BiaMiHy Big KOHTPOIIO, Ae
B MiALLSTYHKOBIM 3ano3i LypiB He 3ahikCoBaHO aLyHycK
poamipom 0 50 MKM, TXHS YacTka y JOChigHUX rpynax
ctaHoBuna 20 % i 10 % BianosiaHo.

BuBumnm KinbKicTb KNiTWH B aUMHYCaXx KOHTPOSIbHUX
i gocnigHux rpyn Yyepes 8 TUXHIB rogyBaHHS TBapuH
rnyTamaToM HaTpilo. BUSBMIM eK30KPUHOLMTM 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 4yac BMBYEHHA CTPYKTYpW NiALWMYHKOBOI 3a-
no3n WNAXoM MOPGOMETPUYHOTO aHanisy AdiameTpa
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Tabauua 2. Po3mip auyHyciB Ta iXHs nnoLua Y LypiB Nicns rogyBaHHs riyTaMaTtoM 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 Cepilt.

Tabauus 3. [liameTp npoTokiB NiALLITYHKOBOI 3aM03¥ 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% 3ano3a. 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
KOHTpOnbHMX LWypiB (12,23 + 0,28 Mkm) BCTaHOBMUN
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 NNOLLY EK30KPUHOLMTIB, 0bpaxoBaHy
B nepLin cepii (78,99 + 0,98 MKM?), i3 KOHTPOMBHUMM
naHumu (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 mMkm? Ta
61,95 £ 1,91 mkm?, p < 0,01).

3aiicHunm MopdOMETPUYHNIA aHaMI3 CTaHy NPOTOKIB
y NipLWnyHKoBIN 3anosi (mabr. 3). BctaHoBwnu, Lo cTa-
TUCTUYHO 3HaYYLLMX BIAMIHHOCTEN 3a iaMeTPOM NPOTOKIB
MiX MepLLOIo Ta ApYroto cepieto He Byro.

06roBopeHHA

Y 1995 pouji YnpasniHHS 3 CaHITapHOro Harnsay 3a siKicTio
Xap4oBux NpoaykTiB i MeaykameHTie (FDA), O6’eaHaHuiA
KomiTeT ekcnepTiB MNpogoBonbY0i Ta CiflbCbKOrocno-
fdapcbkoi Opranisauii O6’'eaHaHnx Hauii / BcecBiTHbOI
opraHisauji oxopoHu 3gopos’s (FAO/WHO) Bkrto4mB rny-
Tamar HaTpilo 10 CrMCKy 3aranbHOBU3HaHUX Be3neyHmnx
xap4oBux gobasok. Y 2017 poui €Bponenceke ynpas-
niHHS 3 6esnekm xap4oBwux npogykTie (EFSA) agiiicHuno
nepeoLliHIOBaHHS 6e3neYHOi KiNbKOCTI ryTamaTy HaTpito
SIK Xxap4yoBoi nobaBku. 3a ixHiMM AaHuMK, gonyctuma
fgobosa fosa (ADI) ctaHoBuna 30 mr/kr Mmacy Tina Ha
ZeHb [18], TobTo Anga moguHm 3 macoto Tina 70 kr— 2,1 T.
OTxe, BU3Ha4YeHO Oe3neyHICTb Liei JobaBKM.

Y HayKOBUX AOCTIMKEHHAX i KNiHIYHUX BUNpOOyBaH-
HSIX OBEAEHO, LLIO LA J0D6aBKa YMHUTL Hebe3neuHi edhek-
TW, ki 3anexartb Bif 4031 Ta TPUBANOCTi BUKOPUCTAHHS. Y
pasi HagMipHOro abo TPUBAIOro CNOXWBAHHSA FMyTamary
HaTpito B 6inbLUOCTI AOCimKeHb tikcyBany nobivHi ecpek-
TW, BKITIOYa0UM BMVMB Ha MiLLNYHKOBY 3a5103y.

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

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

€HOOreHHWI rmyTamat Bigirpae ponb y qisionorivyHmx i
naronoriyHux npouecax [19].

Y pesynbrarti JOCRiIKEHHS, L0 30INCHANN, BUSBUNN:
rogyBaHHs LypiB i3 fgoaaBaHHaAM 70 Mr/kr rnytamary
HaTpil0 MPU3BOAUTL 4O BUPAXEHUX AEreHepaTUBHUX i
[ECTPYKTUBHMX NOPYLLEHb NiALWIYHKOBOI 3anosu. | nicns
8 TWXHIB rogyBaHHs, i MiCNS NPUNUMHEHHS AOOaBaHHSA
rnyTamaty HaTpilo 3 nepeBeAeHHAM TBapWH Ha CTaH-
JapTHy AieTy NpoTAroM HacTynHMX 8 TWXHIB 30epiraBcs
BUPaXeHM HabpsiK MigWnyHKOBOI 3a103u, BU3HAYanm
[ECTPYKTUBHI 3MiHW aLMHYCIB Ta EK30KPUHOLMTIB.

Y HaykoBil niTepaTypi onucaHo Kinbka NOTEHLin-
HWX MexaHi3MiB, Yyepes fKi rnmytamaTr HaTpitlo Moxe
CMPUYMHATY HABPSK NigLLNYHKOBOI 3ano3n abo iHLi
npobnemu (puc. 8). Bigomo, wWwo rnytamar HaTpito
MO>Xe 3yMOBOBATY 3anarbHy peakLito B OpraHiami, Lo
MOTEHLIAHO NPU3BOANTL A0 NOPYLUEHHSI HOPMAanbHOMO
(hyHKLiOHYBaHHS NifgLLNYHKOBOI 3amo3u Ta ii Habpsiky
[1]. 3ananeHHs1 cnpuyMHsie OKCMOATUBHUIA CTPEC, WO
CyNpOBOKYETLCA BUBINBbHEHHSM BiNbHWUX pagukanis,
npu3BoaMTL 40 MeTaboniyHux po3nagis, CUCTEMHMX
MOLLKOAXXEHb opraHa 1 anonto3y knituH [5,20]. Buss-
NEHO, WO CMOXWBAHHS rmyTamaty HaTpito NprU3Boauno
[10 3MEHLLEHHSA Macu 6eTa-KMiTUH NigWnyHKOBOI 3amno-
3u, 36iMbLUEHHSI OKCUOATWUBHOTO CTPECY, LUBWUAKOCTI 1
Hanpsimy metaboniamy [1]. TnyTamart HaTpito nopyLuye
06MiH peyoBWH B OpraHiami, 30kpema i yHKLitoBaHHS
MigLLYHKOBOI 311031 Ta Mae TOKCUYHY Aijto [1,21]. BHac-
NigoK AMCYHKLIT NiALLYHKOBOT 3203 NiABULLYETLCS
6iocuHTE3 i BUBINbHEHHS! TPABHMX (DePMEHTIB i FOPMOHIB,
a OTXKE MOXeE BUHUKHYTW Habpsik. Kpim Toro, 36inbLueHa
cekpeList TpaBHUX (DEPMEHTIB BHACMIZOK 3anasieHHs
MOXe MPU3BECTV [0 CaMOMEPETPABNEHHS 3anosu, a
TaKOX CMPWUYMHWTK JECTPYKLIO KNiTWH, 3ananeHHs Ta
Habpsik [22].

Y pocnigKeHHi, WO 3aiCHUNKU, BU3HAYUIN HeraTme-
Hy Aito rmyTamaty Ha CTPYKTYpY €K30KPUHHOI YacTUHU
MigLLYHKOBOI 3251031 y MONoaux TBapuH. 3icTaBHi AaHi
HaBefeHOo B OKPEMUX AOCTIIIKEHHSIX, Mif Yac sIKUX BUBYA-
NV Ait0 Pi3HUX KOHLIEHTpaLin ryTamary 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 rnyTamary HaTpilo B Ao-
POCNKX TBAPWH Ha TNi XapyyBaHHS! 3 NOro AOAABAHHSIM.

Y pesynerarti gocnigpkerHs . 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 OLiHIOBAHHAM Yepe3
YOTWPW MICAL|i NiCNS CKaCyBaHHA Ha NepeBefeHHs TBapWH
Ha 3BMYalHUA pauioH. ABTOpU 3adikcyBanu po3BUTOK
OXMPiHHA Ta MeTaboniyHoro cuHapomy [24].

Y HaLLoMy JOCTiMKEHHI MiCNs CKacyBaHHS BBEAEHHS
rnyTamarty HaTpito BUSIBNEHO: Y CTPYKTYPI NiALUMYHKOBOT
3ar03u y JopocnuX LLypis 36epiranics atpodivHi Ta fere-
HepaTBHI 3MiHU, L0 3adikCOBaHi HAMPWVKIHLi rogyBaHHs
TBapWH 3 AoAaBaHHsAM Liei fobaskm (8 TwxHiB). Lie moxe
OyT1 NOB’A3aHO HE TiMbKM 3 NOKaNbHUM BMIMBOM rnyTa-
maTy HaTpito Ha MiALLMYHKOBY 3a5103y, ane i 3 TOKCUYHOK
i€t Ha iHLUi opraHu, a Takox MeTaboniyHuMK posnaaa-
MU, SIK-OT OKUPIHHSA, MiNEePTOHIS Ta LyKpoBWi AjabeT, yepes
pi3Hi MeTabomiYHi MexaHi3mMu, L0 BKIMKYaKTb iHAYKLiO
OKMCHOTO CTpecCy, rinepiHcyniHemito, aucninigemito, rinep-
NenTUHEMIto, rinepdarito, ANCHYHKLID TpaHcnopTepis
rnyTamary HaTpito [5,6,24]. Y BOCTiIKeHHi, L0 3aiNCHANM,
3adhikcoBaHO 36inbLUEHHS Macy Tina LLypiB — OXKUPIHHS,
L0 TaKOX MOXE BMMMBATW Ha BILHOBMEHHS CTPYKTYpU
MigLLYHKOBOI 3a1103K.

3anarnbHe ypaxeHHs ek30KPUHHOI YaCTVHW NiALLITYH-
KOBOI 3251031 BiZHOBIIOETLCA LIMSXOM pereHepawii
aLUMHapHWX KNITUH Yepes TPaH3UTOPHI hasn 3ananeHHs,
a gucbanaHc Mix UMMy nposananbHumMn Ta npoaunde-
PEHUiAHUMY WRsiXaMy cnpuinHsie ibpos i neandepeH-
uiauito aumHycis [25]. MoxnnBo, KackagHe MOpyLUEHHS
noKanbHUX i MeTaboniYHUX LNAXIB HE CMPUSNO MoKpa-
LLIEHHIO CTPYKTYPY MiALLYHKOBOI 3a510311 B AOCTIMXEHUN
TEPMiH MiCNs ckacyBaHHSA BBEAEHHS ryTamary HaTpito.

BucHoBKu

1. FogyBaHHA LWypiB rnyTamMaTom HaTpilo B 403
70 Mr/Kr >XMBOT Macy NPOTAroM 8 TVKHIB NPU3BOANTL A0
BUPaXEHUX aTPOIYHNX i AECTPYKTUBHUX 3MiH Y CTPYK-
TYpi EK30KPUHHOI YaCTWUHK MiALLTYHKOBOI 3a503u. [licns
CKaCyBaHHS BBELiEHHS rMyTamaTy HaTpito Ta rogyBaHHS
LLYpiB 3BMYANHOK DKet He 3adikcoBaHO MOKPALLEHHS
CTaHy NiALWwnyHKOBOI 3ano3u.

2. Nig yac MopOMEeTpPUYHOro AOCHiAXKEHHS,
MOPIBHSABLUM OKPEMi MOKA3HUKN €K3OKPUHHOI YaCTUHW
NigLLIYHKOBOT 3ano3n, BU3HAYeHO: Yepes 8 TUXHIB
roflyBaHHSI EKCMepUMEHTanbHUX TBAPWH [yTamaTom
HaTPito 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 NepeBaXKaHHs aLmMHyciB poamipamu 71-90 Mk,
Lo craHoBunu 38 % i 34 % BIiONOBIOHO; Y KOHTPOMBHMX
cepisix nepeeaxanu auuHycu poamipamu 91-100 mMkm
(46 % Ta 42 % BignosigHo) 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
5,52 + 0,58 (p < 0,001), yepes 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 321031 MOXe BUSIBUTW HOBI TEpaneBTUYHI
uini Ans nikyBaHHS Ta npodinakTvkv po3nagis nicns gii
rnyTamarty Hatpito.

®iHaHCcyBaHHA

AOCAIAKEHHSA BUKOHAHO B pamkax HAP «<MopdonoriyHa
XapaKTepuCcTUKa BHYTPILLHIX OpraHiB Ta CYAMHHOTO pycAa
B OHTOTEHE3i Y HOpMi Ta 3aKOHOMIPHOCTI ix nepebyAoBK
NPY OXMPIHHI Ta Ail Ha OPraHiaM Gi3UUHNUX YUHHUKIBY,
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AvHaMiKa eH3UMHOI Ta FAYTaTiOHOBOI AAHOK aHTUOKCHAAHTHOIO 3aXUCTY
NEYiHKK Y LWypiB Pi3HOro BiKY
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Meta po60TH - BU3HAUYUTN OCOBIMBOCTI €H3VMMHOI Ta ryTaTiOHOBOT JIAHOK aHTOKCWUAAHTHOTO 3aXMUCTY NEYiHKM LypiB Pi3HOMO
BiKY 332 YMOB €KCEPUMEHTAIbHOI KPaHIOCKENETHOI TpaBMy.

Martepianu i meToau. Y WiypiB TpbOX BIKOBUX rpyn (CTaTeBOHE3pIni, CTaTeBO3pini, CTapi) B yMoBax TiOneHTan-HaTpieBoro
Hapkosy mogentoBanu kpaHiockeneTHy Tpasmy (KCT). LLypis BUBOAUNM 3 eKCNEPUMEHTY B yMOBaX Hapkoay vepes 3 i 7 a6
rnocTTpaBMaTU4Horo nepiofy. B ekcTpakTi romoreHaTy neviHki BU3Ha4anm CynepokCUaaNCMyTasHy Ta katanasHy akTUBHICT,
rnyTatioHnepokcuaasHy (M) i myTtatioHpeaykTady ("P) akTUBHICTb, BMICT BiZHOBIIEHOIO rMyTaTiOHY.

PesyabtaTi. BctaHoBnEHO, WO He3anexHo Bia Biky nig BnnvBom KCT vepes 3 i 7 4ib nocTTpaBMaTUyHOro nepiogy B NeYiHLi
NiAAOCNIAHUX LLYPIB iICTOTHO 3HWXYKOTBCSA 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; [Ml-akTuBHiCTb — Ha 31,6 % wopo
MOKa3HUKIB CTaTEBOHE3PINMX, Ha 23,5 % — LoAo CTaTeBo3pinux Lypis; MP-akTuBHICTL — Ha 22,0 % nopiBHSAHO 3i cTaTe-
BO3PINVMY TBapUHaMM.

Pesynbratw, Wwo ogepxanu, NigTBepmKyoTb CUCTEMHWIA MPOOKCUAAHTHUI BNNWMB MOAENbOBaHOI TPABMM Ha OpraHu, BigaaneHi
Bif MicLi 6e3nocepeaHLOro TPaBMYBaHHS, & TaKOX Ha 3HMKEHHS! aHTUOKCUAAHTHOI 30aTHOCTI NEYiHKM LLYPIB 3i 30iMbLUEHHAM
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
NEYiHKW CTapuX LLYPIB € HKYOIO, HIXK 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 TpaBMaTUHHMX YLLKOIKEHb | € OCHOBHOH MPUYUHOK
CMepTi, TpyBanoi BTpaTVi NpawLe3aaTHoCTi Ta iHBanigHocCTi
B AiTen i gopocnumx Bikom Big 1 o 44 pokis [1]. PiBeHb
CMEpTHOCTi Y TPaBMOBaHWX MauieHTiB 3pOCTae 3 BikOM,
0CcobnMBO Ha LLIOCTOMY Ta CbOMOMY AECATUNITTI XUTTS [2].
HWHi BHaCMifoK 3pOCTaHHS YacTOTH BUCOKOEHEPIreTUYHNX
Tpasm YUMT Hepigko NOEQHYETLCS 3 IHLWMMK eKCTpakpa-
HianbHUMK MOLUKOMKEHHAMM, WO MOXYTb 3MiHIOBaTK ii
naToreHes i Hacnigky, 30Kpema BnnuBaTyt Ha BTOPUHHE
Helpo3ananeHHs [3]. 3-nomix Takux TpaBM HanvacTille
LiarHoCTyoTb NOEAHAHE YLLKOMKEHHS! Yepena Ta KiCToK
ckeneTa — kpaniockeneTHy Tpasmy (KCT), Lwo cnpnimnHse
iCTOTHE NiABULLEHHS CMEPTHOCTI Ta 3HKEHHS SKOCTI XWUTTA
nauieHTis [4], ocobnmeo Bikom noHap 55 pokis [5].

B ocHosi natorene3y YMT, kpiM NpsiMOro ypaeHHs
TOIIOBHOTO MO3KY, CMIPUYMHEHOrO TPaBMaTU4HUM Bu-
BOM, Ba)XMVBY POIib Bidirpae NOro BTOPUHHE YpaKEHHS!
yepes MICLEBY iLIEMIO TKaHWH, HAbpsK, MeTaboniyHi
3MiHW Ta NOLUKOPKEHHS aKTUBHUMU POPMaMM OKCUTEHY,
LLO 3yMOBHIOKOTb HEBPOOTiYHE NoripLieHHs [6].

AKTVBHI hOPMU OKCUreHy i akTVBHI hopMu asoTy,
LU0 B HaASULLIKY yTBOpPtotoThCA nicns YMT, pa3oM i3 npo-
AyKTaMy NepoKCUAHOTO OKWCHEHHS NiMiaiB (aKTMBHUMU
anbaerigamu) i MefiatopamMu 3ananeHHs CUHEpPriYHO
BMIMBAOTb HA BTOPUHHE MOLUKOKEHHIO MO3Ky. icns
UMT HagMmipHWUI A OKUCHIOBAmNbHUIA CTPEC NepeBaHTaxye
€HOreHHY KIITUHHY aHTUOKCUAAHTHY CUCTEMY, LLIO MOXe
NPU3BECTY 0 3arnbeni KNiTuH [7] i CNPUYNHSIE MOCUNEHHS
€HIOreHHOI iHTOKcuKaLlii. BinbHi pagukanu, npogykTu
ninigHoOT nepokcuaauii, Meaiatopy 3ananeHHs Ta eHpo-
TOKCUHW BHACMifoK NOpyLEHHsI reMaToeHLedaniyHoro
6ap’epa NoTpannsAoTh 40 CUCTEMHOTO KPOBOTOKY 11 YLLIKO-
[DKYIOTb OpraHu Ta TKaHWHW, BigaaneHi Big micus 6e3no-
cepeaHboi TpaBmu. Came TpaBMa € NyCKOBUM YUHHUKOM
PO3BWTKY MOMIOPraHHOi AMCYHKLi Ta HEAOCTATHOCTI, LLO
NOCUMIOKTBLCA 3a YMOB NOeAHaHOT TpaBmu, 3okpema KCT
[8]. 3a3Haummo, LU0 Y BikOBOMY acnekTi CUCTEMHUIA BNAWB
KCT maixe He pocnimkysanm.

lMocvneHHs BinbHOPaAVKanbHOMO OKUCHEHHS, LLO BU-
3HayatoTb Nig Yac KCT, cynpoBOaKyETLCSA BUCHAXEHHAM
QHTVIOKCWAHTHOIO 3aXMCTY, 30KpeMa EH3MMHOI Ta ITyTa-
TIOHOBOI TaHOK aHTOKCMAAHTHOrO 3axucTy [9]. OpHak ixHs
AnHaMika B neviHui sik o6’ekTi cuctemuoro Bnnmey KCT
Maibke He JocnimpkeHa B acnekTi Biky. Lie o6rpyHToBYE
[OUNbHICTb TAaKOro AOCiIKEHHS.

MeTta pobotu

Bu3HaunT 0cobnmBOCTi EH3MMHOI Ta InyTaTioHOBOI Na-
HOK aHTOKCWZAHTHOTO 3aXM1CTY MEYiHKV LLYypiB Pi3HOTO BiKy
3a 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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OpwuriHaAbHiI AOCAIAXKEHHS

YCix LLypiB Noginuamn Ha Tpu rpyni 3anexHo Big Biky.
KoxHa rpyna (aBi gocnigHux i KOHTponbHa) Bkmtoyana 21
Lypa. TBapyH Ha rpynu Noginunm BUNaakoByM METOAOM,
yTpUMyBanu Ha CTaHgapTHOMY paLioHi Bisapito. [1o nep-
LUIOT rpYNK YBIMLLAY 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 JocnigHux rpynax (no 7 TBapuH KOXHOI Bi-
KOBOI rpynu) B ymMoBax TiONeHTan-HaTpieBoro Hapkosy
(40 wmr/kr-') mogentosanu KCT. Y cTateBoHe3pinmx (mo-
noaux) TBAapWH NOCAILOBHO Ha OHE 3i CTErOH HAHOCUMK
[030BaHUN MeXaHiYHWi yaap TBepauMm npegmeTom i3
KNUHOBMAHOLO Hacazkoto 1 eHeprieto 0,320 [k, gocaranm
3aKpWUTOrO NEepenomMy OfHIEl CTerHoBoi KicTku. Hagani
NpeaMeToM 3 TYMVM KiHLEM 3aBAaBani fO30BaHOIO yaapy
no Yyepeny 3 eHeprieto 0,226 [x y Touui Ha 3 MM Bnepen
BiZ MixBYLUHOI niHii [10].

Y crateBo3pinux (4OPOCNUX) TBapWH Nepernom
CTerHa MOZEentoBani LMSAXOM HaHEeCEHHs [1030BaHOrO
MEXaHI4HOTO MOLLUKOPKEHHS CTErHa yAapHUM NpUCTPOEM
i3 KNMHOBMAHOW Hacagkot 3 eHeprieto 0,637 [x, sike
CMIPVUYMHANO 3aKPUTUIA NEPENOM CTErHOBOI KicTkM. Ye-
penHo-MO3KOBY TpaBMYy MOZENIOBANM J030BaHUM yAapoM
Mo Yepeny B ToHLi Ha 5 CM Bnepes, Bid MiXBYLLHOI NiHii 3
eHeprieto 0,375 Ik [10].

Y cTapuvx LWypiB nepenomM CTerHa mogentoBanm
LUISAXOM HaHeCEHHS [030BaHOro ygapy Mo CTerHy
3 eHeprieto 0,796 [Ix, YepenHo-MO3KOBY TpaBMy —
[030BaHNM yAapoM MPeAMEToM i3 TynmuM KiHLeM no
yepeny 3 eHeprieto 0,549 [Ix y Touui Ha 6 MM Bnepeq
BiA MiXKBYLLHOI MiHii [8].

EHepria yaapy y TBapuH pi3HMX BIKOBUX rpyn cripu-
YMHSNA YepenHO-MO3KOBY TPaBMy CEpefHbO0ro CTYNeHs
TSKKOCTI [8]. B ekcnepumeHTax He BMKOPUCTOBYBanwi
TBapWH, B SKVX BUSIBISANM NPOHUKHE YpaXeHHs Yepena
Y¥ BiOKPUTWIA NEPENOM CTerHa.

Y KOHTPOMbHUX rpynax (Mo 7 LypiB KOXHOTO BiKY)
TBapWH TiNbK1 BBOAWUNM Y TiONEHTan-HaTpiEBUIA HAapKO3.

3 eKCrepyIMEHTIB LLYypiB BUBOAWUIN B yMOBaX HapKo3y
yepes 3 i 7 Oi6 MeTogom TOTanbHOMO KPOBOMYCKaHHS
3 cepud. OxonomkeHy i BiMUTY Bif KPOBI MEYiHKy ro-
moreHidyBanu B romorenizatopi Silent Crasher 75000
(HimeyunHa).

MoKasHWKN eH3MMHOI Ta rnyTaTioHOBOI NMaHoK
aHTVOKCKMAAHTHOTO 3axucTy BuaHavanm B 10 % ekcT-
paKTi roMoreHaTy neviHku 3a MeToAuKaMmu, Lo Onu-
caHi y poborti [11], BUKOpKCTOBYHOUM CEKTPOTOMETP
LabAnalyt SP-V1000 (Granum, Kutait). 3aranbHy
cynepokcnaancmyTasHy (COL) akTUBHICTL BU3Ha4anm
32 3HWXEHHSM LUBMAKOCTI POTOBIAHOBMNEHHS HITpOTE-
Tpa3onito CUHBLOTO 3a HAsIBHOCTI heHa3MHMeTacynbgary
i pubocbnasiHy (BiZHOBHUK). KaTanasHy akTVBHICTb OLLi-
HIOBaIM 3a 30aTHICTIO NEPOKCUAY BOAHIO YTBOPOBATY 3
MOni6AaTOM aMOHit0 CTiKuIA 3abapBneHNn KOMMMEKC.
BigHosnenun rnytatioH (BI) Bu3Havanm 3 BUKOpuUcTaH-
HAM 5,5’-aunTioBic(2-HiTpobeH30MHOT KNCNOTK) (peakTnB
Enmana). yTaTtioHnepokcuaasHy aktuBHicTb (1)
OLiHIOBanu 3a YTBOPEHHSIM OKUCHEHOrO FyTaTioHy.
[myTaTioHpegykTasHy akTuBHiCTb (I'P) Bu3Havanu 3a
lwBmnakicTio okncHeHHss NADPH+H".
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Mg Yac ekcnepuMeHTiB SOTPUMyBanucs «3ararnbHux
€TUYHUX MPUHLMNIB EKCMEPUMEHTIB Ha TBapuHax», Lo
yxBarneHi [epLunm HawioHanbHUM KOHrPecoMm 3 6ioeTukm
(Kuis, 2001) Ta ysromxeHi 3 NONOXEHHAM « EBPONENCHKOI
KOHBEHLIi LLoA0 3ax1cTy XpebeTHUX TBapwH, Siki BUKO-
PUCTOBYIOTLCS NS EKCIEPUMEHTANbHUX Ta iHLIUX Hay-
koBux uinen» (CtpacBypr, 1986). Onepxanu BUCHOBOK
KoMicii 3 nuTaHb GioeTnkM TepHOMINbCLKOrO HaLioHanb-
HOrO MeAMYHOrO YHIBEPCUTETY iMeHi |. A. fTopbavescbkoro
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), HWxHIN | BepxHin kBapTuni (LQ,
UQ). Ans He3anexHOro NOPIBHAHHSA CTYNEHS BiAXUNEHHS
MOKa3HUKIB, L0 BMBYANM, LLOAO KOHTPOMIO y TBapWH
Pi3HUX BIKOBMX rpyn obpaxyBanu cepeaHe BifHOLIEHHS
iHAMBIQYanbHUX BENWYUH O CEPEfHIX NapameTpiB KOH-
TponbHOI rpynu. BiporigHicTb BigMIHHOCTEN OLiHIOBanu
3a HenapameTpuyHum kputepiem MaHHa-BiTHi, gocto-
BipHOI0 BBaXanu pisHuuto npu p < 0,05.

Pe3ynbTati

3a gaHnmu, Wwo HasedeHi B mabnauyi 1, y KOHTPOMbHUX
rpynax Lypie 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[-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 nicna HaHeceHHs KCT y Bcix gocnia-
Hux rpynax wypis CO[-akTUBHICTb NeYiHKK MOPIBHAHO
3 KOHTPOeM iCTOTHO 3MeHLLyBanacs: y AOCHiAHiv rpyni
1-Ha 22,8 % (p < 0,05), y gocniaHin 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 NOKa3HWK
iCTOTHO MEHLLIWIA, HiX BiAMOBIAHWI Y rpyni CTaTEBO3PINMUX
wypis (Ha 34,8 %, p < 0,05).

Yepes 7 #id y gocnighin rpyni 1 nokasHmk COL-aktus-
HOCTi NEYiHKM NPOLOBXYBAB 3HWXYBATHCS, @ 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 AocnigHNMX
rpyn 3a nokasHukamu CO[-akTMBHOCTI NeviHku Yepes 7
[i6 eKcnepuMeHTy Aano 3Mory BCTAHOBUTM: 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 pocnigHin 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 % BignosigHo, p < 0,05).

Yepes 7 Oib nocTTpaBMaTMYHOrO Nepiogdy katanasHa
aKTVBHICTb NEYiHK1 NPOJOBXyBana 3HvkysaTtucs. Nopis-
HSIHO 3 JaHUMW, LLIO BCTAHOBMEHI Ha 3 AoBy, Liel NoKa3HUK
CTaTUCTMYHO BipOriAHO MEHLLWIA y AoCTigHMX rpynax 1i2
(Ha 34,7 % T1a 27,3 % BignosigHo, p < 0,05). Y gocniagHin
rpyni 3 KatanasHa aKTUBHICTb MeYiHKM 3anuwmnacs Ha
piBHi 3 0obu, Gyna MeHLLOK 3a MOKa3HWKV TBapWH i3
focnighux rpyn 11 2 (Ha 35,7 % T1a 29,4 % BignosigHo,
p <0,05). MopiBHAHO 3 KOHTPOILHOK FPYMOKO Y AOCHIAHIN
rpyni 1 nokasHuk MeHwwwit 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 rpyn TakoX CTATUCTUYHO BIipOrigHO He
BigpisHsanacsa (p > 0,05). Y Bcix gocnigHux rpynax nig
BrnvBom KCT nopiBHSIHO 3 KOHTponem yepe3 3 fobu
€KCMEPUMEHTY BUSIBUNW CTAaTUCTUYHO 3HAYYLLIE 3HKEHHS]
[M-akTnBHOCTI NeviHku (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 croctepe-
XXEHHS CTaTUCTUYHO BiporiaHO 3binbwunacs (Ha 31,7 %,
p <0,05). Y gocnigHux rpynax 2 i 3 e nokasHuk npogo-
BXXVB 3MEHLLYBaTUCS NOPIBHSHO 3 JaHNMW, L0 ofeparnu
Ha 3 foby 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 % BianosigHo,
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 BIKOBWX IPyN 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 nonepeaHiM TEPMIHOM CMOCTEPEXEHHS CYTTEBO
He 3miHuBes (p > 0,05), ane 3anuWMBCSA 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 KOHTPOMNbHOI rpynu 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 BI" y neviHuj B LibOMY TEPMiHi CMOCTEPEXEHHS
CTaBaB iCTOTHO MEHLUWM: y JOCTIAHIN rpyni 2 —Ha 23,5 %
nopiBHSHO 3 focnigHoto rpynoto 1 (p < 0,05), y gocnigHin
rpyni 3 — Ha 39,9 % Ta 21,5 % BigNoOBIAHO NOPIBHSAHO 3
gocnigHumm rpynamm 2§ 3 (p < 0,05).

Yepes 7 Oib ekcneprmeHTy y gocnigHux rpynax 12
BMICT Bl y neviHLi npodoBXyBaB CyTTEBO 3HWXYBaTUCA
MOPIBHSHO 3 pesynbratamu, Lo BCTaHOBUM Ha 3 [oby
(Ha 34,2 % Ta 14,3 % BignosigHo, p < 0,05). Y gocnigHin
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 mocnigHiv rpyni 3 — Ha
54,6 % (p < 0,05).

AHani3 AuHaMiky cepeHbOro BiHOLLEHHS iHaMBIaY-
anbHux BenuumH COL-akTMBHOCTI NeYiHK1 40 cepeaHbol
BEMWYMHU KOHTPONbHOI rpynu nig snnvsom KCT nokasas,
LLO rpymnu LLYpIB pidHoro Biky Yepe3 3 i 7 aib nocTTpae-
MaTW4HOro Mepiody BIPOriAHO He BIAPI3HANUCS 3a UM
nokasHukom (p > 0,05) (mabr. 2). He BUSIBNEHO iCTOTHMX
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, Nif 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
M-aKTMBHOCTI MEYiHKM [0 CepeaHbOi BENIMUYMHU KOH-
TPOIbHOI rpynu Mig BNIMBOM TpaBmu Yepe3 3 aobu
BUSIBUNOCS iCTOTHO BinblumMM y JocnigHux rpynax 2 i 3
MNOPIBHSIHO 3 MOKa3HWKOM A0CHiaHOT 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 AOCTIigHWX rpynax 2i 3 (Ha
31,6 % 1a 23,5 % BignosigHo, p < 0,05). 3ayBaxumo, Wo
yepes 7 Aib ekcrnepuMeHTy y AocniaHii rpyni 1 nokasHuk
iCTOTHO 3piC MOPIBHAHO 3 f@HNMM, L0 BCTAHOBUMW 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 CEepenHbOl BEIMYMHU KOH-
TPOMBHOI rpynu Mif BNAMBOM TpaBMu yepe3 3 fobu y
[0CniAHIA rpyni 3 iCTOTHO MEHLLIE, HiX Y A0CAIAHUX 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 gocnigHWx rpynax 13
(Ha 13,5 % Ta 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 BENMYUHN KOHTPOMBHOI
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OpwuriHaAbHiI AOCAIAXKEHHS

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

Moka3Huk,
oAuHULI

BUMipHOBaHHSA

CO[-aKTuBHICTb,
ym. oa./mr’

3 poba

7 noba

KaranasHa
aKTUBHICTb,
MKKaT/Kr!

7 poba

[T1-aKTMBHICTb,
MMorb/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

TepwmiH 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 lpyna 2 lpyna 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)*
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)'2
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

® % N2

BiMIHHOCTI WWogo rpynu 1 ctatucTuyHo BiporigHi (p < 0,05);
BiMIHHOCTI LLOAO rpynu 2 cTaTucTuyHo BiporigHi (p < 0,05);
BiZIMIHHOCTI LLIO10 KOHTPOMNbBHOI FPYNK CTAaTUCTUYHO BiporiaHi (p < 0,05);
: BiZMIHHOCTI LLIOA0 NOKa3HWKiB, BCTaHOBNEHNX Ha 3 foby, cTatncTnyHo BiporigHi (p < 0,05).

Tabauus 2. BennunHa cepefHbOro BiJHOLIEHHS! iHAMBIAYanbHUX BEMUYMH NOKa3HWKIB
€H3VMHOI 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)'2

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; 0,43)"12

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 cTaTucTUyHO BiporiaHi (p < 0,05);
2: BiGMIHHOCTI LOAO rpynu 2 cTaTUCTUYHO BiporiaHi (p < 0,05);
*! BiAMIHHOCTI LLOZ0 NOKa3HMKIB, BCTAaHOBNEHUX Ha 3 foby, cTatucTuyHo BiporigHi (p < 0,05).
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rpynw nig BnnvBoM TpaBmMu Yepes 3 406K ekcrnepuMeHTy
CTaTVUCTMYHO BIPOTiAHO MEHLLIe Y JOCTiAHIV rpyni 3 mopis-
HSIHO 3 NapameTpamu gocnigHux rpyn 12 (Ha 25,0 %
Ta 12,1 % BignosigHo, p < 0,05). Yepes 7 gi6 y BCix
JOCTIAHMX rpynax BU3HAYMMM ICTOTHE 3HUKEHHS LibOro
napametpa: y gocnigHiv rpyni 1 — Ha 33,8 % (p < 0,05),
y AocnigHiv rpyni 2 — Ha 15,5 % (p < 0,05), y gocnigHin
rpyni 3 —Ha 11,8 %, p < 0,05).

06roBopeHHA

EH3WMHa Ta rnyTaTioHOBa NaHKM aHTUMOKCWUAAHTHOMO
3aXUCTY € KIHOYOBUMM y HEUTpanisawii akTBHUX hopm
OKCUreHy, BiNbHWX paavKanis i rigporeH nepokcugy.

lMpoaHanisyBanu nokasHWUKN aHTUOKCMAAHTHOrO 3a-
XUCTY MEYiHKM KOHTPOMbHUX LLYPIB Pi3HMX BIKOBUX rpyn,
BUSIBUMNM, LLIO KaTanasHa akTuBHICTb i [ T1-akTMBHiCTb TBa-
puH 3icTaBHa. Pazom i3 Tum, CO[-, I'P-akTuBHICTb i BMICT
BI" y neyiHui WwypiB pisHUX BIKOBWX rpyn BiOPI3HANUCS.
BcraHosunu, wo COM-akTUBHICTb | BMICT BI™ HanHmkui y
CTapwx Wypis, ane [P-akTMBHICTb y HUX iCTOTHO GinbLua.
3a P-akTuBHicTIO i BMicTOoM BI” rpynu ctaTeBoHe3pinmnx
i CTaTeBO3PINMX LLYPIB iICTOTHO He BigpisHanucs. OTxe,
y CTapux LUypiB 3adhikcoBaHa HwbKYa 30aTHICTb 4O yTu-
nisavii akTMBHMX (hOPM OKCUTEHY, BiflbHUX pagukanis Ta
€HAOTOKCUHIB.

HaHecerHs KCT wwypam piaHux BiKOBUX rpyn Cripuyn-
HSINO iICTOTHE 3HWKEHHSI MOKAa3HWKIB aHTUOKCUAAHTHOrO
3axXMCTy meviHky Yepe3 3 i 7 4i6 nocTTpaBMaTu4YHOro
nepiogy. BpaxoBytouu, L0 nediHKka — Lie opraH, skuii Big-
JaneHun Big micus 6e3nocepeaHbOro HaHECEHHS TPaBMMK,
MOXHa NPUMyCTUTK, Wo MogenboBaHa KCT cynpoBomxky-
€TbCs BUPAXXEHM CUCTEMHUM NPOOKCUAAHTHIM BMIIMBOM
Ha opranism nignocnigHyx Wwypis. Lii aani nigTBepmkyoTh
pesynbTaTv AOCHiMKEHb iHLIMX aBTopiB [8].

CryniHb 3HwxeHHs CO-akTUBHOCTI NEYiHKM B AWHA-
mini KCT nponopuiiHnii 4o ii BUXigHoro piBHs. MokasHuk
[0CsiraB MaKCMarnbHOrO 3HKEHHS Yepes 3 4obu ekcre-
PYMEHTY i 3anMLLaBCS Ha TakoMy CaMOMy PiBHi A0 7 [obw,
y CTapuXx LLypiB iCTOTHO MEHLUMWI, HiX Y CTaTeBO3PINMX.
Omxe, B natoreHesi cuctemuoro Bnnuey KCT Ha opraHiam
BaXKNVBY POIb Bifjirpae NOCUIEHHS yTBOPEHHS aKTUBHIX
¢hopm okcureHy, ockinbkn COLl — knovoBuiA hepMeHT
HeilTpanisauii cynepokcuaarioHpaankany. Moro yTeo-
PEHHS B NeYiHLi, 04eBMOHO, 3yMOBIEHE, MOPYLLEHHSIM
npoLeciB MIKpOLMPKYNALi Ta pO3BUTKOM FiNOKCIT, PO Lo
MNAETLCS B iHLWMX AOCNIMKEHHsIX, Ae moaentoBanu KCT
i pocnigxysanu il CMCTEMHI NposiBK, BU3HAYanu CTaH
aHTWMOKCUAAHTHOI cucTemu nevinkw [12,13].

[lonaTtkoBuM NigTBEPMKEHHAM MOCUNEHOTO YTBOPEH-
HS1 aKTMBHUX POPM OKcUreHy B neviHui BHacnigok KCT
€ JMHaMmika kaTanasHoi akTMBHOCTI. PiBHi kaTanasHoi
AKTWMBHOCTI Y CTaTEBO3PINNX i CTaTEBOHE3PINUX LLYpIB
NOCTYNOBO 3HWXYBanMcs Bif 3 4o 7 406W eKCriepuMEHTY,
a B CTapux LWypiB yxe yepe3 3 fobm gocsras MiHiMymy,
3anuwan1cs Ha LboMy piBHi Ao 7 go6w. Y Uil rpyni B yci
TEpPMiHM CMOCTEPEXEHHS1 abCcomnoTHa BENMUYMHA aKTUB-
HOCTi (PepPMEHTY ICTOTHO MEHLLa, HiX B iHLUMX JOCHIgHUX
rpynax, a 3HWKEHHS CyTTEBILLE.

Bigomo, wo cuctema rnyTatioHy bepe akTWBHY
y4acTb Y 3aXUCTi KIITUH Bif OKCUAATUBHOTO NOLUKOKEH-
HsA. BI™ 3B’A3y€ BinbHi pagukanu, BiOHOBIIOE NepoKCUs
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rigporeHy Ta iHLLi Nepokcuaum, Lo BinbyBaeTbCs Npy oa-
HouvacHomy Bnnmsi 'T1. Micns mogentoBaHHs KCT yepes 3
L.06u ekcnepumeHTy T1-akTUBHICTb NEYiHKW ICTOTHO 3HK-
XyBarnacsi NOPiBHSHO 3 KOHTPONEM, | B CTAaTEBOHE3PINUX
LLYPIB CTYNiHb 3HWKEHHS ICTOTHO BuLmiA. OgHak Hagani
(4epes 7 gib) IM-akTMBHICTb MEYiHKKM CTaTEeBOHE3PINMUX
LLlypiB 3pocTana, a B CTaTeBO3pifinX i CTapux LLypiB 3HW-
xyBanacs. CTyniHb 3MEHLUEHHS1 aKTUBHOCTI (pepmeHTa
iCTOTHO BWLLMIA y CTapuX LypiB. 3a uux yMOB Yy nigao-
CIMiQHWX LLYpPiB BCTAHOBWIIN MOCTYNOBE 3HIKEHHS Bif, 3 A0
7 nobu ekcnepumeHTy BMICTY Bl y neviHui. Binomo, wwo
BI"— ocHoBHMIM cy6eTpar, Wwo nig Bnnveom [T1 3abesnedye
rnyTaTioH3anexHi aHTMokeuaaHTHi GyHKuUil. PiBeHb Bl i
JI0r0 CTYMiHb 3HWKEHHS Y MeYiHUi iCTOTHO BuWLi y rpyni
CTapux WypiB. AKTuBHe 3anyyeHHs Bl ans 3abeaneveHHs
penoKc-CcTaTycy KMiTUH CBIAYUTL NPO NOro BXKNMBY POrb
[NS 3MEHLLEHHS CYCTEMHOTO NPOOKCMAAHTHOTO BNAVBY
KCT, ocobnu1Bo TpaBMOBaHWX CTapLUoi BikOBOT rpynu. Y
CTapuXx LWypiB, KPiM TOr0, BU3HAYEHO iCTOTHILLE 3HUKEHHS
[P-akTvBHOCTI. Ha (poHi BUCOKOT akTUBHOCTi (pepMEHTY
B KOHTPOIbHI rpyni Lier (hakT CBiA4NTb MPO CyTTEBE 3HU-
XXEHHSI NoTeHLUjany NeyiHk1 cTapyx LLypiB A0 BiHOBMEHHS
OKMCHEHOTO FMyTaTioHy.

HaBepneHi pesynstaTv 404aTKOBO AOBOAATH, LUO Ha
¢hoHi KCT y cTapux LLypiB BUHMKAIOTb iCTOTHILLI NOpPYLLUEH-
HS1 @HTMOKCWMAAHTHOTO 3aXUCTY MOPIBHSHO 3 TBApMHAMM
iHLIMX BIKOBMX rpyn. HanmeHL 3HauyLli nopyLleHHs
6inbLLIOCTI NOKa3HMKIB, LLIO BUBYAM, BCTAHOBMEHI y cTaTte-
BO3PINMX LWypiB, kpim MMI-aKkTMBHOCTI NEYiHKM (BiOXUIMEHHS
MEHLL CYTTEBI Yy CTAaTEBOHE3PINuX LLYpIB).

Pesynbrati, WO ogepxanu, BianoBigaloTb YAHHUM
YSIBMEHHSIM NPO NPOLIECH, LLIO CYNPOBOKYHOTh CTapiHHS,
SIK-OT CMOBINbHEHHS MeTaboniamy, 3miHu nepebiry ¢isio-
TOTYHMX peaKLiif | 3HMKEHHS 3arasibHOi PE3UCTEHTHOCTI.
€ faHi npo GinblUe HakonWYeHHs B opraHiaMmi 3 Bikom
aKTMBHUX (POPM OKCUTEHY, LLIO 3yMOBIIOE OKCUAATMBUI
CTPEC, 3HWKEHHS! aKTUBHOCTI (DEPMEHTIB aHTUOKCUAAHT-
HOTO 3aXMCTY, MOCUNEHHS MPOLIECIB NiNigHOI NepokcuaaLii
[14].

OTxe, 3 BikOM B OpraHiami ¢pidionoriyHo NocuntoeTsb-
CS1 HABaHTAXEHHS HA AHTWOKCUAAHTHY CUCTEMY, LLO €
BaXIIMBUM 0O TSXKyBaIbHUM 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 € OAHUM i3 baKTOpiB, AKi 3yMOBMIOIOTL YiTKY
3anEXHICTb MK BIKOM | pIBHEM NeTanbHOCTI y NOCTPax-
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].

Pesynbrati nigTBepmKyoTh AOLINBHICTE paHHLOro
3aCTOCYBaHHS aHTUOKCUAAHTIB Yy KOMMMIEKCHI NpoTu-
LIOKOBIN Tepanii, 0cobnmBo y nocTpaxaanux crapLuoi
BIKOBOI rpyni. 3AIMCHWUMM HA3KY AOCHIMKEHD, Mif Yac SKUX
[0BeAeHO eeKTUBHICTb aHTUOKCUAAHTHOI Tepanii ans
nocTpaxganux i3 TskKoto Tpaemoto [15,16].

Pesynbratyt HalMX JOCHIMKEHb TAKOX MiATBEPMXKY-
10Tb NPOBIAHY POMb AHTUOKCUAAHTHO-NPOOKCUAAHTHOI
CUCTEMM OpraHi3My B natoreHesi nokanbHyX i 3aranbHuX
NOpYLUEHb, Lo BUHMKatOTb Mig Yac KCT. Li dhaktu noTpe-
OY0Tb NPOJOBXKEHHS AETANIbHOTO BUBHEHHS].
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BucHoBKU

1. Y avHamiui (4epes 3 i 7 aib) nicns HaHeCeHHs
KCT y nignocnigHux LWypiB He3anexHo Big Biky NocTy-
MOBO 3HWKYETbCA aKTUBHICTb MOKA3HUKIB €H3UMHOI Ta
rNyTaTiOHOBOT NTAHOK aHTUOKCUAAHTHOTO 3aXMCTY NEYiHKA.
Lle BUSIBNSIOTL 3@ CTATUCTUYHO 3HAYYLLMM 3MEHLLEHHSIM
nopiBHSHO 3 koHTpornem CO[l- i kaTanasHoi akTWBHOCTI, a
Takox I'T1-, 'P-akTveHoCTi Ta BMicTy BI. BuHsaTkom € cTa-
TEBOHE3PINi LLypw, B AKuX [Tl-akTUBHICTb NevdiHku focsrae
MiHiMymy Yepe3 3 1o6u, 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 neviHkK Ta BMicToM BI™ Hikya,
HDK y CTaTeBO3pinuX i cTaTeBoHe3pinumXx Lypis. Lie Busisu-
NV 32 CYTTEBILLMM 3HUXKEHHSM MOKa3HWKIB, LLO BUBYanM,
Y AVHAaMILLi eKCrnepyMEHTY.

MepcneKTMBY NOAAALLUMX AOCAIAKEHD. [IOLLiNIbHO PO3-
LUMPUTMN CMIEKTP AOCHIDKEHb NPOOKCMAAHTHOMO BMINBY
KCT Ha BHYTPILLHI OpraHu i 34iICHUTM CKPUHIHT 3acobiB
3 @HTUOKCUAHTHUMU BMACTUBOCTSIMU ANS BUSHAYEHHS!
TVX, LLO € NEePCNEKTUBHUMMI B KOMMEKCHIN IHTEHCUBHIl
Tepanii nopyLeHb aHTUOKcUaaHTHOro 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 rinepTensii 3 AeTanisawieto CTaHy KOrHITUBHOI cdepu.

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 rinepTeH3ist, KOrHiTuBHI yHKLT, MopdodyHKLi-
OHanbHWIA CTaH rinokamna — y NOBHUX TEKCTax CTaTel aHIMINCHKO Ta YKpaiHCbKOK MOBaMM 3a pesynsratamy AoCHiMKEHb
3 piBHeM aoka30BocTi I-ll.

Pesyabtati. 34icHUNM cucTeMaTMyHUA OrMsiA CTaTen | HaykoBKX BuaaHb y 6asax aaHmnx PubMed, Scopus i Cochrane. On-
pauoBany iHcopmaLiio Lwogo Bynosw rinokamna, 0cobnMBOCTE AOro KPOBOMOCTAYaHHS!, (OYHKLIN, @ TAaKOX 3HaYEHHS Anst
hopMyBaHHS! KOTHITUBHUX (DYHKLLi MOAMHU B HOPMI Ta 3@ YMOB TPUBaroi apTepiarnbHOi rinepTeHaii.

BucHoBKM. 3a faHMMK Cy4acHUX HaykoBMX JOCMiMKeHb, rinokamn Bigirpae BaxnuBy porib B 00’'e4HaHHI curHanmis HaBKo-
TULUHBOIO CepeoBULLA Ta CTBOPEHHI LiiflICHOMO, EAUHOTO CMPUAHATTS B MPOCTOPOBIN i YacoBil NnoLMHax. EeKTUBHICTb ix
peanisauii 3anexuTb Bif KMITMHHOI CTanocTi Ta 38’A3KiB, ONTUMAnbHOTO KPOBOMOCTa4aHHS, CMiBBiAHOLEHHS HEipOMeajaTopiB,
xapakTepy peLenTopHoro naxawadTy. Y pesynsrati ekcrnepuMeHTanbHUX OCHImKeHb i KNiHIYHUX CnocTepexeHb J0BeAEHO,
L0 B rinokamni npy cchopMOBaHiii apTepianbHii rinepTeHsii Yepea KoMMeHcaLito HaaMIPHOTO TUCKY Ta MiABULLEHOT nynbcaLlii
KPOBOTOKY A1 3aXMCTY MIKPOCYMH Bif MOLLKOKEHHS BiAbyBaETbCA PEKOHCTPYKLIS Ta 3BYeHHS LiepebpanbHux aptepion,
3HWKYETLCA BiogocTynHicTe NO.

MocuneHa Ba3OKOHCTPYKLIS CIPUYMHSIE Tinonepdysito Ta MOLWKOMKEHHS HEMPOHIB, LU0 HaNGINbL BUPaxeHi y AinsHkax
CA1 i CA3 rinokamna Ta BidyanisyloTbCs ik 3MEHLLEHa KiNbKICTb KMiTUH, X XaoTW4YHe Ta po3cCisiHe po3TallyBaHHS, NosiBa
LMTONNa3MaTu4HNX BaKkyonew, SAepHOro NikHO3y Ta HYKIeoniay.

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


https://orcid.org/0009-0007-4523-0781
https://orcid.org/0000-0003-1273-5314
https://orcid.org/0000-0001-7339-7078
https://orcid.org/0000-0001-9946-3336
mailto:svetlitsky%40zsmu.edu.ua?subject=
https://doi.org/10.14739/2310-1237.2024.2.299090

HuWHi BM3Ha4atoTb NporpecuBHe 30iNbLUEHHS KiNlbKOCTI
XBOPWX Ha apTepianbHy rinepteHsito (AlN). o 2025 poky
i B CBITi, i B YkpaiHi NporHo3ytoTb 36inbLUEHHS KinbKOCTi
navuieHTiB i3 rinepToHi4Ho XxBopoGoto 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 NepcopaHTHNX apTepion Ta iHLLNX
CYAVH, L0 YTBOPOKOTb MIKPOLIMPKYNATOPHE pycno [2].

HesanexHo Big CTyneHs BUPaXKEHOCTI, TSXKKOCTI Ta
TpuBanocTi nepebiry Al” nauieHTV 3aBxan MakoTb CKapru
Ha MOPYLUEHHS Y KOrHITUBHIN cdhepi Big Nerkux amiH oo
TSXKKMX | HaBiTb HE3BOPOTHMX. KMiHIYHO Lie BUABMSIOTbL
32 KOMMNEKCOM CUMMTOMIB, LLIO POPMYIOTb CYAWHHI KO-
HITUBHI po3naay, AKi CynPOBOMKYKOTECA MOPYLLUEHHAM i
KOPOTKOYaCHOI, i LOBFOCTPOKOBOI NaM’sATi.

HaBepneHi chakTy 3yMOBMIOOTh AOLINBHICTb AeTanb-
HiLLOro BMBYEHHS Bya0BM rinokamna ik BaXIMBOrO MOp-
¢honoriyHoro cybeTpaty anst opMyBaHHS KOTHITUBHUX
yHKLUIA NogUHN (30KpeMa nam’aTi), B3aEMO3B’A3KY
OKPEMMX MOro AiNSHOK i3 BiAMNOBIAHUMU KOTHITUBHUMU
hyHKLisIMM, 0COBMMBOCTAMM OTO KpOBOMOCTa4aHHs [3].

BpaxoBytoun Kno4oBy ponb rinokamna B peanisawii
BULLIMX MO3KOBMX (DYHKLIIN, 3aMEXHICTb iX BUKOHAHHS Bif,
MopdObyHKLIIOHaNBbHMX 0coBnMBOCTEN, edIEKTUBHOCTI
KPOBOMOCTa4YaHHs opraHa W HeWpoMeaiaTOpHMX Bru-
BiB, MOXXHa CTBEPMKyBaTW: KniHiyHa kapTuHa Al™ 3 6oky
NCUX0eMOLINHOT cchepy peanisyeTbes Yepes KOMMMEKCHI
NOPYLLEHHS! y CTPYKTYPI rinokamna Ta 3anexuTb Bif CTaHy
CYAVHHOI CUCTEMM.

HesBaxatoun Ha YMCneHHi ekcnepuMeHTanbHi Jo-
CNiEKEHHS Ta ONUCaHi KMiHiYHI COCTEPEXEHHS, LiificHa
KapTuHa LWOAO XapakTepy HeMpoTpodidHMX i Mopgho-
dpyHKUioHaNbHWX NepebyaoB y rinokamni npy Al MOBHICTO
He cchopMoBaHa, 3arnuLLaeTbCs HU3Ka OCTaTOMHO HE BUPI-
LUEHUX NuTaHb. Lie obmexye po3pobreHHs natoreHeTny-
HUX NigxoaiB 40 NPOINaKTUKK, MiKyBaHHS riNepTOHIYHOT
XBOpoby Ta ii ycknagHeHs.

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 knto4oB/MM CIIOBaMW: ap-
TepiarnbHa rinepTeH3is, KOrHiTUBHI yHKLUiT, MOpchodyHK-
LiOHamnbHUI CTaH rinokamna — y NoBHWX TEKCTax cTaTen
AHIMINCLKOK Ta YKPaiHCLKOK MOBaMM 3a pesyribTatamu
JocCnidKeHb 3 piBHEM 40Ka30BOCTi I-Ill.

PesynbTati

CyuacHi yaBAreHHA npo 6yaoBy rinokamna Ta 38’A30K i0ro
CTPYKTYP i3 KOTHITUBHUMU OYHKLIAMM. Y (DyHKLIOHANBHO-
My acneKTi KOrHITUBHI yHKLIT (THO3MC, Nam’ATb, iIHTENeKT,
MOBa, NMpaKkcuc) 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-
HO0, CKPOHEBOH, TIM'SIHOK Ta MOTUINYHOHO T YacTkamu),
i NigKipkoBUMK CTPYKTYpaMu, 3okpema niMbivHo cvc-
TeMoto, BKrtoyatoum rinokamn. Came rinokamn Bigirpae
BaXIMBY porib B 06’€AHaHHi CUrHanis HaBKOMMLUHLOTO
cepefoBULLIA Ta CTBOPEHHI LifiCHOrO, EAMHOTO CTIPUNHSAT-
TS B NPOCTOPOBIlA i Yacogin nnowmHax [4,5].

EdbekTnBHICTb peanisauii Ha3BaHuX (YHKLiA 3a-
NEeXNUTb Bif HWU3KM hakTopiB, AK-OT MOPGOMOriYHOT
(KniTUHHOI) cTanocTi, eeKkTUBHOCTI KPOBOMOCTaYaHHS,
CMiBBIAHOLLIEHHS HEMpOMeiaTopiB i xapakTepy peuen-
TOPHOrO NaHawadTy.

Y pesynerati 6aratbox AOCNIMKEHb OOBEAEHO, LLO
BflacHe 3MiHW y rinokamni CTarTb KIKOYOBUMM B NaTo-
reHesi xBopob, ki CynpoBOAXYIOTbCS KOTHITVUBHUMU
MOPYLLEHHAMM, | KOXKHE 3 HWX MOB’A3aHe 3i BCTaHOBIE-
HUMU DYHKLISIMU OKpeMUX CTPYKTYp rinokamna [6,7].
ExcnepvmMeHTanbHi i KNiHivHi CNOCTepexeHHs nokasanu
YiTKy CTPYKTYPO3amneXHiCTb KOTHITUBHUX MOPYLUEHb.
BcTaHoBUNK, WO KOXHE YTBOPEHHS rinokamna Hece
BiANOBIOHE KOrHITUBHE HaBaHTaXeHHS, TOMY JOKasbHi
3MiHM B OKPEMMX 11Or0 KOMMOHEHTaX abo KOMMEKCHi
CTPYKTYpHi nepebyaoBm CTalTb NiarpyHTaM ans dop-
MYBaHHS! CKMaZiHOTO CUMMTOMOKOMMIIEKCY NpyW XBOPOOi.

3a3HaunMMo TaKox, WO Ans DOpMyBaHHS MOBHOMO
YSIBMEHHS NPO (PYHKLOHAMNBHUIA CTaH rinokamna B HOPMi
Ta 3a NaTonoriYyHMX yMOB Mae 3Ha4eHHs NeBHa Hevpo-
MNacTUYHICTb, O 3yMOBMeEHa 34aTHICTIO HelpanbHWX
CTOBOYpOBMX KNiTWH 0 TpaHcopmaLii B rpaHynsipHi
(3epHmcrTi) kniTHKM 3yByacToi 3uBuHW. Lie gosenu Guo-li
Ming, Hongjun Songy e y 2005 poui [8]. MosBy HoBOI
reHepauii rpaHynsapHUX KNiTUH BU3HAYaloTb Y Pi3HUX
BIKOBMX Nepiofax, i iXHsl KiNbKiCTb He CTaTW4Ha, a AuHa-
Mi4HO perynoeTbes 6aratbma haktopamm — Bif isu4HOT
AKTMBHOCTI [0 O0COGMMBOCTEN YMOB HaBKONMLIHBOIO
cepegosuLa. Kpim Toro, nigTBepaKeHo B3aEMO3B' 130K
AVHaMIKV NOMynALii LMX KNITUH i OYHKUIOHAMBbHUX MOX-
nmBocTei rinokamna [9).

Makpo-, mikpockoniuHa 6yaoBa rinokamna. 3a ci-
3i0MOriYHMX YMOB FinoKammn MakpocKoniyHo Mae opmy
Ay, nepegHs YacTuHa SKoi PO3LWMPEHa, ii Ha3nBaloTb
roniBKO; CepeaHs YacTUHa — «Tifo» rinokamna; 3agHs
yacTWHa — «XBOCTOBA», L0 NEPEXOANTb Y HiKKM cKre-
niHHS [8]. MikpockonivHO rinokamn NIAnHU CKNaaaeTbes
3 nonie CA1, CA2, CA3, Wwo BM3Ha4yalThb SIK BracHe
rinokamn, 3y64acToi 3BvBMHM (nart. gyrus dentatus, GD)
Ta cybikyrioma [9].

Y BracHe rinokamni po3pi3HsA0Tb NPOKCUMarnbHY
BEMWKOKIITUHHY Ta AMUCTanbHY 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 CTPYKTYypa rinokamna nos’s-
3aHa 3 BigNoBIGHOK (PYHKLIEO:

—none CA1 HanexvTb 4O BEHTPaNbHOrO rinokamna.
HeipoHwn Uiei AinsHKM MatoTb NO3UTUBHUIA 3BOPOTHWIA
3B’A30K MiJ Yac NpoLecy HaB4aHHS Ta (hOpMyBaHHS aco-
LiaTVBHOI Nam’siTi, BiANoBigatoTb 3a 06po6Ky NPOCTOPOBOI
Ta HENPOCTOPOBOI iHpopMaLlii, KOHTEKCTHO 3aneXHWiA
nowwuyk [12,13];

Ornsaau
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Tabauusa 1. OyHKUiOHaNbHWIA B3AEMO3B'I30K OKPEMUX AiMSIHOK rinokamna
3 KOTHITUBHUMM MpoLiecamm

Crpyirypa

BnacHe rinokamn (Hippocampus proprius)

Mone CA1 — HaBYaHHs Ta opMyBaHHs acouiatneHoi nam'aTi; [12,13]
rinokamna — onpaLtoBaHHS MPOCTOPOBOI Ta HEMPOCTOPOBOT
iHcbopmalyji;
— KOHTEKCTHO 3aneXHWii MOLLyK.
CA2 — colianbHa nam’sTb; [14]
— KOHTpOIb 3arankHoi 30yAn1BOCTi rinokamna.
CA3 — NepeTBOPIOE 3aKOA0BaHI KOPTUKANbHI CUrHanm [15]
B pO3pifkeHi, TO6TO yTBOPIOE CneLmndiYHNi
rinokamnanbHUin kog, HeobxiaHui ans
dopmyBaHHs nam’aTi;
— LWBMAKe KOAyBaHHS Nam'siTi.
CA4 — 3B'A3ye 3yb4acTy 3BMBMHY Ta rinokamn. [16]
CyOGiKynapHuin KOMMNIEKc
YactuHa cybikyniom - [17]
npocy6ikynom — BiANOBIJAE 3a NOBOPOTY rOMOBU. [18]
npecy6ikyniom — 3abesnevye 38’530k Tanamycy Ta ybyactoi [19]

noctcybGikyriom
napacy6ikyntom

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

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

EHTOopuHanbHa kopa (Cortex entorhinalis)

— Hasiraujs;

— CNIPUIAHATTS Yacy,

— MEpEeXeBui LLeHTP nam’'aTi;

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

[21,22]

3y6uacra 3BuBMHa (Gyrus dentanus)

— 06pobka BXigHWX 36YmKyBanbHUX CUTHANIB;
— HaBYaHHsl, NamM’ATb Ta OPiEHTALis B NPOCTOPi.

[23,24,25]
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— none CA2 HanexuTb 40 AOP3asibHOrO rinokamna,
BiONoBigae 3a coujanbHy Nam’saTb, KOHTPOMb 3aranbHOI
36yanmeocTi rinokamna [14];

—none CA3, sk i none CA2, HanexuTb 4o Aop3anb-
HOrO rinokamna, cknagHa mepexa skoro 6epe yvactb y
KOZyBaHHi MPOCTOPOBUX YSBMEHb Ta €Mi30ANYHNX Cro-
rafis, BiANOBiAae 3a WBMAKe kogyBaHHSA nam'aTi. LLUnsx,
AKAN NPOXOAUTL KPi3b MOLUMCTI BOSIOKHA, A€ K inbtp
BMCOKWX 4aCTOT, LLIO NepPETBOPIOE 3aK0L0BaHi KOPTUKAmbHI
CUTHanu B po3pimxeHi, TOBTO yTBOPKOE CrieundiyHui
rinokamnanbHUi kof, HeobXiaHWi ans popmyBaHHs
nam’saTi [15];

— popatkoBa ginsiHka CA4, Wo npunsrae oo BopiT
3y6YacToi 3BMBUHW, CKINAAAETHCA 3 3EPHUCTUX KNITUH,
AKCOHM siKMX (MOLUMCTi BOFOKHA) MOB'A3yt0Th 3y6uacTty
3BMBWHY Ta rinokamn (CA4/CA3) [16];

MaparinokamnansHa AinsHka (abo komnnekc)
CKIafaeTbCsl 3 HA3KM YTBOPEHb KOPUW FOMIOBHOMO MO3KY,
npunernux 4o rinokamna: cybikyntoma, napacybikynoma,
npecy6ikynioMa, 3y64acToi 3BMBMHU Ta EHTOPUHABHOT
KopW. PyHKLiOHamNbHa 3HaYYLLCTb NONArae y ToMy, Lo L
YTBOPEHHS BifirpatoTh BaXKIMBY POMb Y HIOXOBKX peakLi-
SX, 30Kpema y 3anam’sToByBaHHi 3anaxis, 3abe3nevyiotb
opieHTaLito y npocTopi, hopMytoTb HOBI crioraam (eniso-
AnYHa nam’aTb) (mabn. 1).

Y (yHKUiOHanbHOMY Ta MOpPONOriYHOMY acnekTi
KOMMOHEHTU maparinokamnarnbHOro KOMMIeKcy MatoTb
HU3KY BiAMIHHOCTEW | XapaKTepuCTuK.

Tak, cybikyntom (Big nat. subiculum — «nigcTaBka)
€ HVDKHBbOK YaCTMHOM rinokamna, Lo po3TalloBaHa
MiX eHTopMHanbHo kopoto i nonem CA1 BnacHe rino-
Kamna Ta BKMYae KOMMMEKC YyTBOpeHb (CyOGikynsipHui
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KOMNIEKC), KM CKNapaeTbCst 3 HAabopy CropigHeHNx
CTPYKTYp: BnacHe cybikynoma, npocybikymioma, npecy-
6ikyntoma, noctcybikyntoma Ta napacybikyntoma (puc. 1).
Cybikyntom cknafaeTbes 3 TPbOX LUApIB: MOMEKYNAPHOTO
(stratum moleculare), Lo NpeacTaBneHuin HenipamigHIMK
HerpoHamu (HelipomegiaTopu raMma-amiHOMacnsHol
kucnotu (FAMK), comatocTtatuH, napsans0ymiH); nipamig-
Horo (stratum pyramidale), wo mMicTuTb nipamigHi (ALUX),
kowumkonopi6Hi (TAMK) HelpoHn Ta HelipoHW-kaHaens-
6pu (TAMK); mynstumopdHoro (stratum multiforme),
Lo CcKnafaeTbCs 3 HenipaMigHX HevpoHiB (Mediatopu
FAMK, comatocTatvH, napeanboymiH). AdepeHTn oo
HUX iOyTb BiJ KayAoOMeAianbHOro napeiLentonspHoro
6a3anbHOro AApa, NapaBeHTPUKYMAPHUX a4ep i Saep
Tanamyca. BuxiaHi wnsxw Big knituH cybikynioma BegyTb
[0 Hempokoptekey [17].

Mpocy6ikyntom (nar. prosubiculum) — TepMiH, Lo Ya-
CTO BUKOPVCTOBYIOTb M Yac Onucy aHaToMii MaB, 3piaka
— FPU3YHIB, MOCUNAKYMCh Ha AiNAHKY, PO3TaLLOBaHy MixX
obnactio CA1 rinokamna Ta cybikymtomom. Llen komno-
HEHT naparinokamnanbHOr0 KOMMIEKCY BUPI3HAETHCS
GiNbLUOD LLINBHICTIO KNITUH | MeHLIMMI po3mipamu [18].

Mpecybikyniom (nat. presubiculum) oTpumye BClO
iHcbopmaLito Bifg Tanamyca Ta 3abesnedye 3B’A30K Bif
HbOro A0 3yb4acToi 3BuBMHU. Kpim Toro, Biomo, Lo locus
coeruleus, HopagpeHepriyHe 84p0 B CTOBOYpi MO3KY,
nos'asare 3 GD [19]. MNpecybikyniom Bkntodae 5 wapis
KNITUH: MonekynsapHuiA (stratum moleculare), 30BHILLHIN
Ta BHYTPILWHiA ApiOHoMmipamigHui, cityacTuin (stratum
reticulare), nipamigHui (stratum pyramidale). pi6Honipa-
MifHi LIapw CKNafatoTbes 3 Manvix nipamigHUX HEVPOHIB,
LU0 Y 30BHILUHBOMY LLApi PO3TaLLOBaHI LLifbHILLe, HiX Y
BHYTPILLHbOMY. 30BHILLHIN | BHYTPILLHIN ApibHONipamia-
HUI, CiTYacTUi Wwapw, kpiMm nipamigHmx (ALLX), mictatb
sipuacTi HetipoHu (FAMK). ManbMmisHi iHTepHenpoHmn (TAMK
i napBanbbyMmiH) pO3TaLLOBYHOTLCS B MOBEPXHEBMX LLIAPaX
(BMsIBNEHI TiNbkK B fOpcarbHii YacTuHi npecybikyniomy).
30ymKyBanbHi iHTEPHENPOHU (KanpeTWHIH-NO3WUTUBHI)
po3TalloBaHi B MyNETUOPMHOMY Ta MOMEKYNSPHOMY
wapax. MpecybikynoM yTBOPHOE ABOCTOPOHHI CUHAMTUYHI
KOHTaKTU 3 CcybikynoMOM, NOMsSIMM Tinokamna, Moreky-
NSPHAM LIApOM 3yB4acTol 3BMBMHU Ta EHTOPUHAIBHOK
KOpOIO (MepeBaxHO 30BHILLHIN ApibHOMIpamigHUI wap).
AdbepeHTHI LWNsxm Ao npecybikyniomy iayTh Big, fop-
carnbHOi YacTUHU MefjianbHOi NpedpoHTanbHOI Kopy,
[opcanbHuUX sgep Tanamyca, sgep rinotanamyca.
EdpepeHTHI WNAXM nepeBaxHO YTBOPIOOTbL 3B’A3KN 3
rpaHynspHOK peTpocnieHianbHO KOPOoK Ta sapaMu
Tanamyca [19].

MocTcybikymtom (nat. postsubiculum) — gopcanbHa
yactvHa npecybikymioMa MICTUTb KNiTUHK, WO CrpsiMO-
BYIOTb FOfIOBY Ta pearytoTb Ha HanpsiMok ronosu [19].

Mapacy6ikyntom (nat. parasubiculum) micTuTb Kni-
TWHW CITKM — HENPOHM, L0 pearytoTb Ha pyxvi B MEBHUX
HanpsiMkax Ha NeBHUX BiACTaHsX. CknagaeTbcs 3 MO-
NEKYNSAPHOro, MipamigHOro Ta MynsTMGOPMHOIO LapiB.
MipamigHui, OCHOBHWI LLAP, YyTBOPEHWIA BENMKUMMU Mipa-
MiQHUMW HeipOHaMK, B HbOMY TaKOX pO3TaLLOBYHOTLCS
KNiTUHWU-KaHAensiopy Ta KoLumMKonomibHi HelpoHw, Wo
YMHSATL ranbMiBHWIA BNVB Ha nipamigHi HernpoHu. Mone-
KYNAPHUA | MyNBTUMOPCHWIA LIapK CKNafarTbCs 3 ranb-
miBHUX (FTAMK) i 36yanuBmx (kanbpeTuHIH-NO3UTUBHIX)
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HenipamigHuX iHTepHelipoHiB. AdepeHTr B napacybiky-
oM ipyTb i3 rinokamna, cybikynoma, 3yb4acToi 3B1BMHM,
EHTOpVHArbLHOT KOpW, MUrAanukie i Tanamyca. Nepenycim
BOHV YTBOPIOKOTb CMHAMCW HA HEMPOHAX MOMEKYIAPHOTO
Ta nipamigHoro wapis. EdepeHTHi BOMOKHa, YTBOPEHi
aKcoHamu nipamigHUX HEpOHiB, hOpMYIOTb 3B'A3KW 3
rinokamnom, mpecybikymtoMOM Ta EHTOPVHAMBHOK KOPOKD
(nepeBaxHo nipamigHi) [20].

EnTopuHanbHa kopa (EK) — ginsHka anokoprekca
(allocortex) ronoBHOrO MO3Ky, LLIO po3TallOBaHa B Mefiarb-
Hill YaCTUHI CKPOHEBOI YaCTKW, CKIaAaeTbes 3 narepanb-
HOI Ta MefianbHOT YaCTUH, Y KOXKHIN i3 HUX PO3PI3HAOTH
KMITUHHI Wwapwu: monekynsapHuii (stratum moleculare),
dipuacTun (stratum stellare), nipamigHui (stratum
pyramidale), BenukokniTuHHWIA (stratum magnocellulare),
ApibHoKNiTMHHWA (stratum parvocellulare), mynsTMMop-
hHui (stratum multiforme), — a TakoxX po3TUHAIbHI
npoLuapku (nart. substratum dissecans). ®yHkuiamu EK
€ HaBirauis, CNpuURHATTS Yacy, kpim Toro, EK BukoHye
dyHKUiT MepexeBoro UeHTpy nam’aTi. EK — ocHoBHe
CMOMyYEHHs MiX rinokammnom i HeokopTekcoM. Crctema
EK — rinokamn Bigirpae BaxnuBy pornb y AeKnapaTuBHUX
(aBTOGiorpaiyHMX / enisoanyHNX / ceMaHTU4HKUX) cro-
rajax, a Takox MPOCTOPOBMX, BKITHOYAKUM (POPMYBaHHS
nam’aTi, il KoHconigavito Ta onTumisauito yBi cHi. EK Big-
noBigae 3a nonepeaHto 06pobky (3HaNOMCTBO) BXiAHWX
curHanie y pecnekTopHiii BignoBiai, y Hii BinbyBaeTbes
acouiauis iMnynsCis BiA oka Ta Byxa [21]. Y meajanbHin
E€HTOPUHASbHIN KOpPi BUABMEHI HEMPOHU «PEeLLiTKNY,
HEPOHU HaNPsIMKY rOrNOBM Ta HEPOHU «KOPLOHY», L0
MPOEKTYIOTLCS HA HEMPOHM «MiCLS» BNIACHE rinokamna ta
BiZLirpatoTb BaXnvBy porib y poboTi BHYTPILLHLOT MO3KOBOI
CHCTEMW NPOCTOPOBOI OpieHTaLi [22].

3ybuacTta 3BuBMHa (gyrus dentatus (GD), abo fascia
dentata hippocampi) — By3bka cMy»Ka Cipoi pe4OBUHM Ta
NPOJOBXKEHHS gyrus fasciolaris y3noBx BepxHbOI NOBEPXHI
naparinokamnasnbHoi 381BuHK. MopdonoriyHo GD ckna-
[a€eTbCA 3 TPbOX LUAPIB — Bif, NOBEPXHEBOIO 0 MUOOKOr0:
MOMEKYNAPHUIA, MPOMDKHIIN 3€PHUCTUN | MYSNBTUCDOPMHNIA
(nonimopdpHui). MoniMopcHUI Wap NPOOOBXKYETHCA
ainaukoto CA4 (hilus) rinokamna. GD nepexoguTb y XBiCT
3yfyacToi 3BMBUHM (CMyra [IXakoMiHi), KM NPOXOaNTb
Hasag i MegjanbHO Yepes uncus (ravok). GD Bigokpem-
NeHa Bif naparinokamnanbHOT 3BUBMHU FiNoKaMnanbHO0
60po3Hoto [23,24]. GD (pa3om 3 iHWMMY Bigainamm Mo3ky)
3asyyeHa 10 BUKOHAHHS KiNbKOX BULLMX QOYHKLi HepBO-
BOI CUCTEMM, SIK-OT HaB4YaHHS, NaM’ATb Ta OpieHTaLia B
npocTopi. OcHoBHE (PyHKLiOHaNbHe HaBaHTaxeHHs GD
—nepBrHHa 06pobKa BXiaHMX 30y KyBarnbHWX CUrHaniB i3
HaCTYMHO0 nepeaayeto curHany Ao 3oHu CA3 rinokamna
[25,26,27].

KpoBonocrauanHs rinokamna. Ocobnvsy ysary nig
yac onucy byposw rinokamna Tpeba npuaInUTK oro
KpOBOMOCTa4aHHIo, afpke Lien opraH XMBUTLCA Bigpasy
3 [BOX apTepianbHuX CUCTEM — COHHOI Ta NiAKII0YMYHOT
apTepiit. Moro ronieka oTpuMye apTepianbHy KpoB 3 nepe-
[HbOI rinokamnarnbHoi apTepii (a. hipocampalis anterior),
rinku arteria choroidea anterior, sika nounHaeTbes Bif
a. cerebri media (3 ccTEMM BHYTPILLHBOI COHHOT apTepii),
a Tino Ta XBICT — 3 CepeaHbOi rinokamnansHoi apTepii
(a. hippocampalis media) i cyamHHOI 3aaHBOGIYHOI apTepii
(a. choroidea posterolateralis) BignosiaHo (puc. 1). Lli aBi
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1A

A. carotis interna

A. cerebri anterior

A. communicans posterior

A. cerebri posterior

A. choroidea dorsomedials

Ornsaau

A. cerebri media
A. choroidea anterior

A. hippocampalis anterior

A. hippocampalis media

A. choroidea dorsolateralis

A. hippocampalis posterior

Plexus choroideus

Puc. 1. AHaTomisi Ta KpOBOMOCTa4aHHS rinokamna Ta oro YacTuH. A: Backynspusais rinokamna
(3a Jens Mowatt, 2020) [30]; b: opuriHanbHe 306paxeHHs 3pidy rinokamna Lypa, 3abapBreHHs

remMaTokcuniHom Ta eosnHom. 36. x10.

apTepii € rinkamu 3agHLOI MO3KOBOI apTepii (a. cerebri
posterior), Lo HanexuTb J0 cuctemu xpebToBoi apTepii
(a. vertebralis) [28,29]. Y KOXHil i3 rinokamnanbHWUX
apTepin PO3PI3HSOTb BEPXHIO Ta HUXKHIO, @8 BOHY, CBOEHD
Yeprowo, NOAINATLCA Ha MeHLWi rinku [30].

LLlogo kpoBonocTayaHHs OKpemmx MoniB rinokamna
3asHaunmo: CA1 3abe3nevyeTbCs HUXHBOI rinokam-
nanbHoto aptepieto, iHwi ginaHkm (CA2, CA3 i CA4)
nocTa4alTbCs BEPXHBOI rinokamnanbHoW apTepieto
Ta Kinbkoma ApibHMMK apTepisimu. IHTparinokamnansHi
aptepii (rmuboki rink1) MoxHa KnacudikyBaTh Sk BENWK
Ta Mani BeHTpanbHi, BENWKi Ta Mani gopcaneHi rifku.
Benviki BeHTpanbHi iHTparinokamnanbHi apTepii nocraya-
10Tb nipamigHui, monekynspHuii wapu GD, CA1 ta CA2
nonis rinokamna. Benuki gopcanbHi iHTparinokamnanbHi
apTepii NocTa4arTb 3EPHUCTMIA Wap 3yG4acToi 3BMBKHM,
obnacti CA3 i CA4 rinokamna. Mani BeHTpanbHi iHTpa-
rinokamnanbHi apTepii X1BNATb NPOKCUMAnbHY YacTUHY
GD. Mani gopcanbHi iHTparinokamnanbHi apTepii (Takox
BiZOMi SiK NPsiMi apTepii) BnagatoTb Y BOMOKHWUCTO-3y64ac-
Ty 60PO3HY Ta XUBNSATL NpUnerni AinsHkv (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

EHTOpWHanbHa kopa

3y6uacTta 3BUBUHA

KpoBonocTtayaHHs

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

MepenHs cyauHHa apTepist -

- MepepHs rinokamnanbHa apTepis,
3aHs rinokamnansHa apTepis

= 3apgHs rinokamnanbHa apTepis

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

- MepepHs rinokamnansHa apTepis

- MepenHs rinokamnansHa apTepist

Taka cknagHa 1 DGaraTOKOMMOHEHTa CUCTeMa XU-
BIEHHS TiMOKaMna CBiAYMTb MPO A0r0 BaXnMBY porb Y
XUTTEQIANBHOCTI MO3KY Ta OpraHiaMy 3aranom, a omxe 1
BUCOKY (PyHKLIiOHAmNbHY | MeETaboMiYHY aKTUBHICTb, 3HA4HY
3anexHicTb Bif CTaHy CyauH, XapakTepy KpoBonocTavaH-
HSA Ta cknagy Kposi [32,33].

MlaToreHeTUUHUI 3B’A30K KOTHITUBHUX MOpYLIEHb
npu AT 3i CTPYKTYPHUMM 3MiHAMK Y AiAIHKaX rinokamna.
Binomo, 110 Al — 0CHOBHWI chakTop puanky LiepebpoBacky-
NSAPHUX 3aXBOPHOBAHb, iHCYMBTY Ta CYAUHHUX KOTHITUBHUX
NopyLUeHb. BusBUNM cyTTeBILLE 3HUKEHHS KOTHITUBHIX
3Ai6HOCTEN, BKMIOYAKOHM LWBMALLE MOTIPLUEHHS PYHKLIT
nam’siTi, B 06CTEXEHMX MaLliEHTIB CepeaHbOro Biky 3 rinep-
TOHI€10 NOPIBHAHO 3 HOPMOTEH3WBHOHO rPYMO0 OAHOMITKIB.
Omxe, XpOoHiYHa MiNEPTOHIS MOXe BNAMBATW Ha OiNsHKW
MO3KY, LLIO 3arTy4eHi A0 Ni3HaHHA Ta nam’aTi, 30Kpema Ha ri-
nokamn. BHacnigoK LibOro 3HVKYHTLCS KOTHITUBHI OyHKLi.

Brim y BinbLuoCTi JOCTIAKEHb BUBHAKOTH 3B'I30K MiX
AT i 3aranbHoto LiepebparnbHoto nepdysieto. 3HauHO MeH-
LLe BiAOMO MpO perioHanbHi 3MiHK, 30Kpema npo Brnvs
BICOKOrO apTepianbHOro TUCKy Ha nepdyasito rinokamna
— KOTHITUBHO-LIEHTPUYHOI CTPYKTYpU MO3KY, 0CcOBrmBo
YyTNMBOI 4O NATOMOMYHWX BMIMUBIB; il ypaXeHHs Biady-
BAETLCS LLE Ha PaHHiX CTagisix NporpecyBaHHs XBopotu
LpibHUX cyauH [34], acouitoeTbes 3 PO3BUTKOM BiKOBOI
HenpoaereHepaTUBHOI NaTonorii.

HelipoHu rinokamna xapakTepusyoTbCsi BUCOKAMM
meTaboniyHumn notpebamu, Wo NoTpebyoTh YiTkO
perynboBaHOro MocTavyaHHs TIOKO3W Ta KUCHIO; Lie
06rpyHTOBYE KPUTWYHY 3HAYYLLiCTb MICLEBOTO Liepe-
OpanbHoro kpoBoToky. CyaMHHa cuctema rinokamna
Yyepes CTPYKTYpHi Ta dyHKUiOHaNbHi BiAMIHHOCTI Bif
CYAVHHOI CUCTEMM KOPU FOINIOBHOMO MO3KY MOXE iHaKLle
pearyBaTh Ha XPOHIYHY FiNepTEeH3ilo, WO CNpUYMNHSE
MOPJONOriYHi 3MiHW B CTiHLi aopTh y Gik 36inbLUEHHS ii
JKOPCTKOCTI i LIBMAKOCTI Nepefavi NynbCoBOi XBWIi B Mi-
KPOLIMPKYIISILLiFO MO3KY 3 NOLLKOMKEHHSIM eHaoTenito. LLio6
KOMMEHCYBATN HAAMIPHWIA TUCK i MiABULLEHY MyrbCcaLlito
KPOBOTOKY, LiepebpanbHi apTepiony pekoHCTPYHKTb i
3BYXKYIOTbCS A5 3aXMCTY MIKDOCYAVH Bifl MOLUKOIKEHHS.
lMocuneHa Ba3oKOHCTPYUKLIA 3yMOBHOE rinonepaysito Ta
MOLLKOMKEHHS HEWMPOHIB, i, SIKWLO Tak BinbyBaTMMeThbCA
B rinokamni, MOXe MopyLUyBaTUCA NaM'sTb i BUHMKATU
KOTHITUBHA AMCYHKLis [35].
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3ayBaxumo, Lo Takuii BnimB Al Ha rinokamnanbHi
apTepiony, WO MarTb BUpillanbHe 3HaYeHHa Ans nig-
TPUMKM HEWPOHANbHOMO rOMeocTasy W afeKkBaTHOCTI
nepdysii, 30ebinbLworo He BinoMUIA. 3peLUToto, 3ryGHuMIn
BMVB XPOHIYHOIT rinepTeHsii Ha KOTHITUBHI oyHKLIT 3araniom
MOB'AA3YHOTb 3i 3HKEHUM KPOBOTOKOM, ANCHYHKLIIEHO Ta pe-
MOAEMNoBaHHAM apTepion rinokamna. Y Mogeni XpoHivHoi
rinepTensii Ha Wwypax niHii SHR nokasaHo 40 % 3HWXeHHs
rinokaMnanbHOro KPOBOTOKY BHACMIAOK apTepionsipHOi
rinepKoHCTPUKLIT Ta rinonepdysii, a Takox LOBEAEHO
30iNbLUEHHS XOPCTKOCTi Ta MIKPOCYAUHHY ANCHYHKLIO B
rinokamni pa3oM i3 NiABULLEHHAM XOPCTKOCTi aopTu [34].

lnonepdy3is BM3HaYeHa SK FONOBHWUIM MeXaHi3m
HeBponatonoriyHnx 3miH npu Al. Lle nigTBepaxeHo i
3a pesynbratamy KMiHIYHUX JOCRIMKEHb, Mig Yac SKuxX
BUSIBMEHO 3B’A30K TNEPTOHii 3i 3HMKEHUM KPOBOTOKOM
y rinokamni, BUMipsiHm 3a gonomoroto MPT 3 mapky-
BaHHSIM apTepianbHOro crvHy. ToMy Ba3OKOHCTPUKLS
apTepion y rinokamni Moxe ByTn NOTEHLiNHO Tepane-
BTUYHOIO MiLLIEHHIO Ans hapMaKosoriyHOro BiAHOBIIEHHS
rinokamnanbHoi nepdya3ii Ta 36epexeHHs yHKUii nam’'aTi
npu Al [36]. Ha MonekynspHOMY pPiBHi 3MEHLLEHHS
KPOBOTOKY BWCHaxye 3anacu cybctparis (kucHio Ta
FTIHOKO3M), HeOOXIAHVX ANs NpoAyKUii eHeprii B Mo3ky. [e-
npuBaLieto eHeprii Yepes iLuemiyHy rinoKcito 3yMoBMeHUN
GioeHepreTMyHWIA 36iiA, LLO iHILIKOE KackaZ naTororivyHmnX
MOINEKYNAPHUX MO, CyKYMHAM HacrigKoM SKUX € no-
LUKOPKEHHS Ta 3arnbenb HEMPOHIB, LLO OnocepeaKoBaHi
Kiflbkoma MexaHiamamm (MopyLUEHHs! iOHHOTO GanaHcy,
HabPSIK KMiTUH, OKUCHIOBambHUI CTPEC, HeMpo3ananeHHs,
€KCaWNTOTOKCUYHICTb, anonTos). [okasaHo cenekTMBHUIA
HeMpoHasibHWI HEKPO3 BCEPEAMHI iLLeMIYHOro sapa rino-
Kamna B nonynsuisx HepoHis, 0CoBIMBO BPa3nuBmX 40
iLIEeMi4YHOTO MOLLUKODKEHHS | PO3TaLLOBaHWUX B [insiHKax
CA1iCA3[37].

3paTHicTb rinokamna Ao CUHaNTUYHOT NNAacTUYHOCTI
MPOTSrOM YCbOTO XUTTS Bpaxatoua, OCKinbki 3abeanedye
CTPYKTYPHY Ta (PyHKLiOHanbHy MoaudikaLliio cyHancis,
LLIO NMEXWTb B OCHOBI MTTEBO BaXNMBUX NPOLECIB Mig-
TPUMaHHS HOPManbHOI aHaTOMiT Ta disionorii ronoBHOrO
Mo3ky. [inokamn € TakoX iHTerpaTMBHUM KOMMOHEHTOM
3aMKHYTOro HeypoHHoro kona [enneua Ansa nepegadi
iHcbopMaLji. 3MiHV CTPYKTYpU CUHANCIB | CTPYKTYpHa Ae3-
OpraHisavjisi CHanTUYHUX MEPEX rinokamna BUSBUINCS
Hacrigkamu KopoTKO4aCcHWX eni3oaiB rinokcii-rinornikemii,
AK Nokasasnu ekcrnepuMeHTasbHi 4ocrigkeHHs [38].

JocuTb BigoMMMK MexaHismamu Al-iHaykoBaHoOl
eHgoTenianbHOi AMCcdyHKLUIT LepebpanbHux cyaouH €
MiZBMLLIEHWI OKVCHIOBaMNbHWI CTPEC i 3HMKeHa biogocTyn-
Hictb okeuay asoty (NO). CyauHHa cuctema rinokamna
He MeHW YHikanbHa wogo BnimBy NO — curHanbHoi
MOMEKynH, Lo Mae NNeioTPONHUIA ePekT Y pisHUX Tka-
HUHax, 6epe y4acTb Yy Pi3HOMaHITHVUX (i3ioNOriYHMX i
natodisionorivyHmx npouecax. Ekcnpecis Tpbox isochopm
cimenctea NO-cunTas (NOS), Bkntoyatoun eHgoteni-
anbHy (eNOS), HerpoHanbHy (NNOS) Ta iHayLmbensbHy
(INOS), HeiipoHamu rinokamna JoBedeHa y pesynsrari
Haratbox gocnimkeHb. NO, iHgykoBaHuin nNOS, € oc-
HOBHMM MeaiaTOpOM HEPBOBO-CYAMHHOIO 3B'S3KY Yepes
CyOVHOPO3LLMPIOBaNbHY PeakLito rmagkux M'asiB CyayH.
Lle nigTBEpAXXYE NOrO BaXNUBICTD Y CyOUHHOMY pyChi
rinokamna.
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Puc. 2. Cxema natoreHeTUYHOTo 38's13Ky (hOPMyBaHHS MOPYLLEHb KOTHITUBHIX (OYHKLI Yepes CyaMHHI po3naau Ha doHi TpuBanoi apTepianbHoi rinepTenaii.

KoHuenuist BigcyTHOCTI 6asanbHoi npoaykuii NO
3a yyacti eNOS B apTepionax rinokamna, Lo niaTeep-
[bkeHa B GaraTbox JOCTIIKEHHSIX in Vivo, BU3Ha4Yae Lie
MexaHi3MOM MiATPUMKM XOpPCTKOro KoHTponto NO-ono-
CepenKoBaHUX AUnaTaTopHUX peakuin y rinokamni. Tak,
nosigoMnanu npo BasoaktueHy ponb eNOS 3a ymoB
rinepkanHiyHoro cTaHy LoAo BasoamnaTauii CyauH rino-
kamna. OTxe, ctumynsuis eNOS moxe 3abesneumnTy we
OfHY TepaneBTUYHY MillleHb Ans akTvsaLii npogykuii NO,
3HVKEHHS ONOpPY apTepion i BiBHOBMEHHS rinokamnasbHoT
nepdyaii [39].

3asHaunmo, LLO Mig Yac ekcrnepuMeHTarnbH1X Aocri-
[DKEHb BU3HAYEHO MEHLU AjaMeTpu NpocBiTy apTepion
rinokamna B rpyni SHR nopiBHsaHO 3i wypamu Wistar;
BTiM, Y Bignosigp Ha iHribyeaHHs i NNOS, i eNOS y rino-
KamnanbHuX apeTepionax fiaMmeTp NpoCBiTy 3anuLwascs
He3MiHHUM B 060x rpynax [40]. ba 6inbLue, y TBApUHHIN
mogaeni posnagy LepebpansHoi reMoanHaMiky BCTaHOB-
NeHo TpvBarne nigeuLieHHs aktueHocTi NOS B rinokamni,
Lo 6yno npurHiveHe iHribitopom iINOS. Lie cBigunTb, Wwo
Ls isodpopma Takox 3any4dera ao perynaii npogykuii NO.
3ayBaxumo: ekcnepumeHTm 3 BuganeHHs iNOS cnpuim-
HUIW ICTOTHY BTpaTy HEMPOHIB, 30KpeMa IHTEPHENPOHIB,
wo ekcnepyctotb NPY, y rinokamni [41].

LLlypn SHR — Bigoma 11 yHiBepcarnbHa Mogerb eCeHLyi-
anbHoi rinepTeHaii. OBrpyHTOBaHO Lie TUM, Lo A0 3—4-Mi-
CSYHOTO BiKY B HUX BWHVKAE MMEPTOHIS, O CMIPUYNHSE
MiABMLLEHHS PiBHA Npo3ananbHUX LMTOKIHIB Y nnasmi; 4o
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6 MicsAUIB y LUMX LLYpiB BUSBMSAIOTb MOTOBLUEHHS CTIHOK
APIBHUX CyOMH FONIOBHOTO MO3KY, KOTHITUBHY AWNCHYHK-
Lito 3 HelipoaereHepallieto rinokamna Ta BTpatoto binoi
PEYOBMHU, @ TaKOX AeMieniHi3aLlito ¥ anonTo3 oniroaeH-
ApouuTis. Lle ¢cBiguMTh Npo 3B’A30K MiXX MOLUKOMKEHHSAM
CyOWH i HEPBOBOI TKAHWHW, OrocepeaKoBaHWI, IMOBIPHO,
Herpo3ananeHHsMm.

Y pesynbrati UicneHHnX JocnimxkeHs wypis SHR
BUSIBIIEHA AeMieniHi3aLisi B KOpi rONOBHOMO MO3KY, MO30-
MUCTOMY Tifi, ane HanbinbLL BUPaXeHy BTpaTy MieniHy
3adpikcyBanu B 60opoasHi rinokamna [42]. Came e aHaTto-
Mi4He YTBOPEHHS CTano LieHTPOM yBary nig Yac natori-
CTONOr4YHOrO AOCHIIKEHHS, LLIO 3AINCHUN 3 NOPIBHAHHAM
3pi3iB rinokamna, 3abapBrneHyx TPUXpoMom 3a MacoHom,
Bif MNEpPTEH3NBHMX LLYPIB i TBAPUH i3 3aXBOPIOBAHHAM
ApiGHMX cyamH ronoBHoro mMo3ky. OcHOBHI Mopdbono-
MiYHi 3MiHU MOLLUKOMKEHWX apTepion 3paskiB TBapWHHOI
MoZeni igeHTUYHi Jo TuX, WO Bidyani3oBaHi B 3pi3ax
rinokamna NMoanHMN: KOHLEHTpUYHe hibposHe / rianiHoee
MOTOBLLEHHS APIOHUX CYAMH i CYMYTHE 3BY)XEHHSI IXHbOTO
MPOCBITY; YTBOPEHHS MikpoaHeBpuaMm LLlapko—Byluapa,
LLIO BU3Ha4atoTb SIK MPOSIB TSHKKOTO LIepebpoBacKynsipHOro
apTepIoNOCKNeposy, 3yMOBMNEHOMO XPOHIYHOK CUCTEM-
HOK rinepTeH3icto (rinepToHiyHa apTepionarisi), Yepes
3aMiLLEHHS! KMITUH rMagKoi MycKynaTypu CTIHOK CyOuH
aminoigom, BHaCMHiAoK Yoro BU3HaYatoThb X ocriabrneHHs
i pU3MK PO3PUBY; MIKPOKPOBOTEYI HABKOMO 3BMBUCTMX
apTepior, OTOYEeHNX PO3LUMPEHUMU NEPUBACKYNSPHUMUI
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npocTopamu; BTpaTa LiniCHOCTI Ta MiABULLEHA MPOHMK-
HicTb remaToeHuedaniyHoro 6ap’epa (nepiaptepionsipHe
3ananeHHs) [43].

AHania ekcrnepyMeHTanbHUX AaHKX OO0 KOTHITUB-
HUX noBefiHKoBKX peakuin SHR nokasaB 3HWKEHHS i
KOpOTKOYacHoi poboyoi nam’siTi, i 30aTHOCTI 10 TPMBAoro
MPOCTOPOBOrO HaBYaHHA. AK BiANOBiAHY MOPOMOrivHy
KapTUHY BU3HA4MIM NOLUKOKEHHS HEPOHIB rinokamna
Ta 3HWKEHHS eKCnpecii CMHanTUYHUX BInkiB. Y AinsHkax
CA1 i CA3 rinokamna BisyanisyBanv HanbinbLui noLko-
[DKEHHS HENPOHIB, 30KPEMa 3MEHLLIEHY KiNbKICTb KIITUH,
iX XaOTU4He Ta po3cisHe POo3TallyBaHHs, NOSBY LWUTO-
nnasmaTuyHuX BaKyonel, SAepHOro nikHo3y Ta HyKreo-
nigy. Y ginsiHui 3y6yacToi 3BuBMHM (DG) rinokamna Takox
BUSIBUNW NATOMONYHi 3MiHW, 30KpEMA HEBMOPSAKOBAHO
PO3TaLLIOBaHi PO3CisiHi HEMPOHM 3 LMTONIa3MaTUYHUMM
BaKyOnsiMu; Xo4a BOHW NOPIBHAHO He3HauHi. 1o3a T, 3a
3HVKEHMM PiBHAMY ekcnpecii Ginka Beclin-1 i gedbekty
derpagaduii P62 nig yac imyHonoriyHMx gocnigxeHb y
rinokamni SHR BusiBNeHo nopyLeHHs aytodarii, 70610
npoLiecy MacoBoi Aerpaaadii 4eBiaHTHUX GinkiB i opraHen,
aKTMBaLlist IKOro CPsIMOBaHa Ha BiJHOBMEHHS roMeocTa-
3y. HesBaxaroun Ha JoBeAEHE MOTipLIEHHS CUHAMTUYHOT
MNacTUYHOCTI Yepes 3HUKeHHs ayTodariyHoro KipeHcy
Ta NOLLKOMKXEHHS OpraHen TOKCUYHMM MakpoMOornekyna-
MM Ha KinbKOX MOZENSX TBapuH, MaTtoreHeTUYHi 3B’A3KM
Aediumuty aytodarii y rinokamni 3 KOrHITUBHAMM NOpY-
LLIEHHSIMM 3a5MLLIaI0TbCS OCTEMEHHO He BigoMumm [43].

Y pesynbtati aHani3y HaykoBoi nitepatypu cdop-
MyBanu CxeMmy NaToreHeTUYHOro 3B’A3Ky (PopMyBaHHS
MOpPYLLEHb KOTHITUBHUX (PYHKLIN Yepes CyauHHI po3nagun
Ha Tni TpuBanoi apTepiansHoi rinepTeHsii (puc. 2).

BucHoOBKU

1. 3a gaHMmK cyyacHuX HaykoBWX OOCHIOXEHb,
rinokamn Bigirpae BaxMBy ponb B 06’eAHaHHI curHanis
HaBKOMULUHLOTO CEepefOBNLLA Ta CTBOPEHHI LiniCHOro Ta
€1HOTO CMPUIHATTS B NPOCTOPOBIl | YACOBIN NIOLLMHAX.
EdekTuBHICTb X peanisauii 3anexuTb Bif KNITUHHOT
CTarnocTi Ta 38’A3KiB, ONTUMArLHOTO KPOBOMOCTa4YaHHS,
CniBBIAHOLLEHHS HEMpPOMeEiaTopiB, XapaKTepy peLenTop-
HOro NaHaLadTy, HeMPONIacTUYHOTO PECYPCY.

2. Y pesynbTaTi ekcnepuMeHTanbHUX LOCHiMKeHb
i KMiHIYHUX cnocTepexeHb AOBEAEHO, WO B rinokamni
npy chopMOBaHin apTepianbHii rinepTeHsii Yepes kom-
NEeHcaLito HaaMIpHOrO TUCKY Ta NiABULLEHOI Mynbcavii
KPOBOTOKY M5l 3aXMCTy MIKPOCYAMH Bif MOLIKOMKEHHS!
BinOyBaeTLCS PEKOHCTPYKLiS Ta 3BY)XEHHS LiepebpanbHux
aptepion, 3HmkyeTbes biogocTynHicte NO. Mocunexa
BA30KOHCTPUKLIS CNPUYMHAE rinonepdy3ito Ta MoLLKo-
[DKEHHs nepeaycimM HeMpoHiB, Lo ekcnpecytoTb NPY, ki
HamnbinbLL BupaxeHi y ainsHkax CA1i CA3 rinokamna Ta
Bi3yani3ytoTbCst ik 3MEHLLEHa KinbKICTb KNITWH, IX XaoTuy-
He Ta PO3CisiHe Po3TaLLyBaHHs, NOSBa LIUTOMMa3MaTUYHIX
BaKyonen, SAepHOro MikHO3Y Ta HyKneoniay.

3. Tpw rinepToHiyHin apTepionarii 03Hakamu Lepe-
BpoBacKynspHOro apTepiocknepo3y B 3pi3ax rinokamna e
KOHLIEHTPUYHe (hibpO3HO-rianiHoBE NOTOBLLEHHS APIGHIX
Cy[WH i3 CynyTHIM 3BY)XXEHHSAM IXHbOrO NPOCBITY; yTBOPEH-
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 NepUBACKyNSIPHUMM NPOCTOpamu; BTpaTa
LinicHOCTI Ta NigBu1LLEHa NPOHMKHICTL remaTtoeHuedaniy-
Horo 6ap’epa (nepiapTepionsipHe 3ananeHHs).

MepcneKTMBU NOAAABLUMX AOCAIMKEHb NONAraloTh Yy
MPOLOBXEHHI HAKONMUYEHHS 1 y3aranbHEHHS 3HaHb o0
6ynoBM rinokamna B HOPMi Ta 3a YMOB apTepianbHOl
rinepTeHail.

diHaHCcyBaHHA
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BpaxoBytoun HepockoHani pesynsratit nikyBaHHA TpaBM NepUAEepUYHOro HepBa Ta He3BaXatoun Ha BEMUKY KifbKiCTb BXe
BUKOHAHMX KNiHIKO-eKkcrnepuMeHTanbHNX JOCTIMKeHb LWOAO0 pereHepaLii nepuhepuyHnX HepBiB, NoLyK HOBUX epeKkTUBHUX
METOAIB NiKyBaHHS Ljiei naTonorii 3anuwaeTbes akTyansHuM. KnitvHHa Tepanist — 0auH 3 iHHOBALIMHUX | NePCNEKTUBHUX Te-
panesTU4HUX NiaxoaiB 40 BiHOBNEHHS HepBiB. MeseHximanbHi ctoBOypoBi kniTuHu (MCK) BnepLue onvncany ®pigeHLwTeH i
konern y 1966 poui. MCK — knac MynsTynoTeHTHUX CTOBOYPOBMX KMITUH ME30AEPMaribHOTO MOXOMKEHHS, LLIO MatoTb HU3bKY
iMYHOIEHHICTb, ane BUCOKY 30aTHICTb JO CAMOOHOBEHHS Ta NOTEHLian 40 Pi3HOCNPSMOBAHOTO AePEeHLtoBaHHS, BUSIBMEHI
maiixe y BCix TKaHuHax. 3a aaHuMu MixHapoaHoro ToBapucTaa knituHHoi Tepanii (ISCT, BaHkysep, KaHaga), MCK niogutn
ekcnpecytotb CD73, CD105, CD90 i no3baBneHi MapkepiB remonoeTuyHux ctoBoyposux knitnH (CD34, CD14, CD45, CD11b,
CD79ai HLA-DR).

[oci Hemae eguHoro nornsay Ha OCHOBHWIA MexaHiam aii MCK woao cTumyntoBaHHs pereHepalii HepBiB, ane HaiMoBipHiLLe,
BOHW BUKOHYIOTb TPOiIHHY (DYHKLHO, iHFBYHOTb NPOANONTUYHI LUMSXM Ta MOCUITIOIOTH BHYTPILLHIO PEreHepaTvBHY 34aTHICTb
HepBga. Binoma Takox 3gatHictb MCK npogykyBaTm pisHi iMyHOperynaTopHi haktopw, Lo NpYU3BOAMTbL 0 PeAyKLii HeaaekBaTHOI
3ananbHoi peakuii nicns ywkomkeHHs HepaiB. MCK MoXyTb TpaHCAMEPEHLOBATUCS B LUBAHHIBCBKI KNiTWHW, HabyBaTu
LIBAHHOMOAIGHOrO (heHOTUMy abo CTUMYIHOBATU aKTUBHICTb E€HAOTEHHWX LUBAHHIBCHKMX KMITWH, LLO € OQHUMM 3 KITOHOBUX
perynaTtopie penapatuBHoi pereHepauii Hepais. MCK Takox BepyTb y4acTb y pemieniHisaLii yLUKOmKEHUX HEPBIB LLUMSIXOM
CUHTE3y Ta BMBINbHeHHS Ginkis mieniHy MBP abo PO. MCK cTBoptotoTb NocuneHe 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 BMBYEHHS PIBHOMaHITHUX (hapMakosoriyHmX,
reHHomoaudikaLiiHux Yn BiomoaudikauiiHux MeToaiB MobinidaLii eHooreHHUx CToBOYPOBUX KMITWH, iXHIX BNACTUBOCTEN
Ta ineHTudikauii Moxe ByTV NEPCNEKTUBHUM Yy 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
CKMafHOW MeaMNYHOK MpobnemMo 3 4acTo THKKUMU
digionorivHnMm, MOpdONOriYHNMM Ta (OYHKLOHANBHUMM
Hacnigkamu. Hessaxaroum Ha Y1mMano MOXIIMBUX Tepa-
NEBTUYHKX NiaxodiB, JOCI HeMae €AUHOI AyMKM OO0
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nepeBar KOXXHOroO BapiaHTa UM HavkpaLloi MeTogonorii
CTUMYTIOBaHHS perexHepaLii Hepsis [1,2].

HelpanbHa penapadis € cknagHum 6ionoriyHnm
NPOLIECOM, LLIO BKIMIOYAE BUAANEHHS 3anuLLKiB MieniHy [3],
dopmyBaHHs TskiB BroHrHepa [3,4], cuHTE3 HepoTpo-
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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 NPOLIEC,
HanBaXnuBily ponb BifirpatoTb KMiTMHK LBaHHa i
Makpodaru [3,7]. 3pini makpodbary, AeandepeHLinoBaHi
LUBAHHIBCHKI KMITWHW Ta pe3naeHTHI Makpodaru, Wwo
nponicpepyoTh, BifirpatoTb LeHTpasbHy porib Y CTBOPEHHI
CNPUATIMBOIO CepefoBuLLa ANS pereHepaLlii akCoHiB,
OCKiNbKN BOHU CEKPETYOTb HEMPOTPOIHY | haroLmTyoTh,
a TaKOX O4YMLLAKTb aKCOHarbHE Ta MIEMIHOBE CMITTS,
O MICTUTb iHriGiTopy pocTy HenpuTiB [8]. MoTeHUinHI
MeTOoaM NiKyBaHHS MakoTb ByTW CNPSIMOBaHI Ha YMHHWKK,
LLIO BNAVBAOTh HA HaBeAeHi BionoriyHi peakLii, a Takox
CTPYKTYPHI Ta KMiTUHHI KOMMNOHEHTU Mif Yac pereHepaLii
nepucepuyHX HEPBIB Y HanpsiMi IXHBOI NpopereHepa-
TWBHOI TeHAeHLUii [3,9].

HeliposananeHHs nig Yac pereHepalii HepBiB Mae
HEMPONPOTEKTOPHY Ta HenmpodeKkCTpykTuBHY Aito [10],
a NpOoMoHroBaHa 3ananbHa peakuis 3anyveHa go na-
TOreHe3y HeraTvBHMX CUMMTOMIB NICMSi MOLUKOMXKEHHS
nepudepuyHMx HepBiB [8]. Ha paHHil cTagii yLUKOmKeHHs
HepBa harouyTy, NpeacTaBneHi Makpodaramu, WBKUAKO
PEKPYTYIOTHCA Ta aKTUBYHOTLCH B MICLi YLUKOMXEHHS
[10,11]. Ona makpodparis XxapakTepHa xopoLla niacTuy-
HICTb i reTeporeHHICTb. 3a CTaHOM akTvBaLii Ta yHKLIN
PO3pPI3HSAIOTL [Ba NONAPMU30BaHi PEHOTUNM Makpodaris:
«KMacuyHo akTuBOBaHi» nposanansHi (M1) Ta «anstep-
HaTMBHO aKTVWBOBaHi» npotuaanansHi (M2) [12]. MNig vac
3ananeHHs Makpodary iMyHOCTUMYIIOBaNbHOMO eHo-
tvny (M1) BUgansoTh 3anuLwKky MieniHy Ta natoreHu 3a
Z0MNOMOroK charoumTosy 1 aytodarii, Lo cnpusie pocTy
HepgiB [10,11]. AkTvBOBaHi Makpodharn Takox cekpe-
TytloTb nposanansHui TNF-a i ROS, wo ywkomxyotb
Hepsw [13]. Oani npotusananbHi imyHopnenpecusHi (M2)
Makpocarv CEKpeTYoTb Taki iIMyHOPErynsaTOpHi LIMTOKIHW,
K iHTepnieiikiH 4 (IL-4), intepnekin 10 (IL-10) Ta iHTep-
nevikit 13 (IL-13), cnpusitotb aHrioreHesy [10] Ta 6epyTb
Ha cebe Heilpopenapalito. [i cBoeyacHa akTuBaLlis cTae
XWUTTEBO BaXJIMBOK ANsi NofonaHHa nepenbadysaHol
HerpoTokemyHocTi M1-cybnonynsuii [12].

KoopauHauis npo- Ta npotusananbHUX CurHanis
Mg Yac BanepoBCbKOI AereHepalii Mae BupillanbHe
3HAYEHHs | Mae YiTKO KOHTpOmoBaTUCL Ans 3abesne-
YeHHs ycniwHoi pereHepadii akcoHis [13]. BigctpoueHe
peKpyTyBaHHS Makpodaris Y iX BACHaXeEHHS NPU3BOANTb
[0 3HWKEHHS KMipeHcy MIENiHOBUX 3anuLLKiB, BTpaTh
CUHTE3Y HEeWpOTPOMIHIB Ta NOPYLWEHHS pereHepauii
AKCOHIB | (DYHKLIIOHASbHOMO BiJHOBMEHHS MICMsA TpaBMu
[8]. CvHepreTyHa koopauHaLlis Nocni4oBHOI aKTUBHOC-
Ti makpodparis M1 i M2 ctae Takox HeobxigHoto Ans
YTBOPEHHS HEPBOBWX MICTKIB, LLO JOCAraETbCS LLUMISXOM
MDKKIITUHHUX B3AEMOZIN | napakpuHHoi perynavi [14,15].
Tak, cyouHHWA eHpoTenianbHuin daktop pocty (VEGF),
LU0 CEKPETYETLCA Makpodharamu, 3naTtHuiA NocunoBaTu
YTBOPEHHS HOBUX KPOBOHOCHUX CYAVH, IKi MOXYTb Byt
LUSIXaMy HaBirawii LWBAHHIBCbKMX KNiTUH [15].

LLIBaHHIBCbKi KNITWHX — FOMOBHI MMianbHi KNiTUHN B
nepudepuyHii HEpPBOBIA CUCTEMI, OCHOBHI CTPYKTYp-
HO-(bYHKLiOHanbHI KNITUHU Mg Yac pereHepadii nepu-
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epuyHux Hepsis [16]. Micns yLIKomMKEHHS HepBa BOHU
nponichepytoTb, MIrpyroTh i BULLMKOBYIOTLCH B HEpBaX,
yTBOpIOKOUY CMyTv BroHrHepa Ta 3abeanedytoun cnpsimo-
BaHWIi PICT HOBOYTBOPEHWX aKcoHiB [16,17]. 3asHaummo,
L0 LIBAHHIBCLKI KMITUHW TakoX MOXYTb BigirpaBatu
ponb YMOBHO aHTUIEHMPE3eHTYBamnbHUX KNITUH Yepe3
3aatHicTb ekcripecyBati MHC-II nicnsa TpaBmaTtyHoro ta
3anasbHOrO YLLKOKEHHS!, PE3EHTYBATY aHTUIEHH in vitro
[18]. Excnpecis MHC-II mieniHisyrounmm WBaHHIBCbKMM
KNiTMHaMX 3yMOBMIOE NOCTTPaBMAaTUYHY iHINLTpaLlito
CDA4+ T-kniTWH | gereHepaLito aKCOHIB, a Takox 36inb-
Lye TEPMIiYHY rinepanresito i MexaHiuHy annoguHii y
camMoK muwen in vivo. OTxe, 34aTHICTb LUBAHHIBCbKMX
KMITUH NpEe3eHTyBaTh aHTUreHn 3abesnevye peaniadito
npo3anarnbH1X peakwiii i CNIPUYKMHSE BUHWUKHEHHS NOCT-
TpaBMaTU4HOrO HeBponaTuyHoro Gonto [18].

KniTuHHa Tepanis — oguH 3 iHHOBAUiNHUX i nep-
CMEKTUBHUX TepaneBTUYHMX MiAXOAiB [0 BiZHOBMEHHS
HepgiB [19,20]. Me3eHximanbHi cTOBOYPOBI KNiTUHM
(MCK) Bnepiue onucanu ®pigeHwuteiH i konerv 'y 1966
poui [21]. 3 Toro yacy AOCATHYTO 3HAYHOrO MPOrpecy B iX
xapakrepuctuui [21].

Bigomo, wo MCK — knac MynbTMNoTEHTHUX CTOBOY-
POBYUX KMiTVH, SIKi MatOTb Me30AepMaribHE MOXOMKEHHS Ta
XapaKTepu3yKTbCs BUCOKOK 3AATHICTHO 10 CAMOOHOBIEH-
Hs1, MaKOTb MOTEHLan pPis3HOCNPSIMOBAHOTO AndeperLito-
BaHHS1 | HU3bKY iMyHoreHHicTb [22]. MCK BusiBneHi maiixe
B YCiX TKaHUHaX: KICTKOBOMY MO3KY, MyMOBWHi, TKaHUHI
nnaueHTu, XMPOBIN TKaHWHI, CYHOBIAMNbHIA 0BOMOHLI Ta
piavHi, nepudepnyHin KpoBi, nynbni 3yba, TkaHWHax
eHpomerpito Towwo [21]. 3a gaHnmm MixHapogHoro Tosa-
pucTBa knituHHoi Tepanii (ISCT, BaHkysep, KaHaga), MCK
ntoaunHu ekcnpecytotb CD73, CD105, CD90 i no36aeneHi
MapKepiB reMonoeTuyHMX cToBOypoBux KnitnH (CD34,
CD14, CD45, CD11b, CD79a i HLA-DR).

BukopuctaHHs MCK Buknukae BenvKkuin HayKoBUi
i NPaKTUYHUI iHTEPEC ANS BCIEI pereHepaTopHoOi Me-
OVLMHA, OCKINbKW BOHW MOXYTb MiATPUMYBATK MOLLKO-
IDKEHI TKaHWHWU, BNAMBaTV Ha npouecy andepeHuiaii,
NoTeHLitoBaTK 3MiHM Mopdonorii KNiTuH, MeTabonivHy
aKTVMBHOCTb Ta cekpeLito daktopi pocty [19]. 3aranom
Le cnpusTuMe pereHepauii yLWKoO4XeHOro opraHa. Y
0araTboX [JOCHIMKEHHSAX NOKa3aHO MO3UTUBHWUIA BNNUB
KMiTUHHOI Tepanii Ha pereHepaLlito NOLIKOMKEHNX HEPBO-
BUX BOJIOKOH [23,24,25].

Huhi MCK yacTo KomGiHyTb i3 BUKOPUCTaHHAM
Pi3HMX MeTOoAIB TKaHUHHOT BioiHXeHEPIT 4ns NOKpaLLEHHs
pereHepalii [26]. 3acTtocosytoTb ek3ocomm MCK, HepBoBi
kaHarm 3 MCK (TpvBUMIpHI HEPOHHI kaHanw, Lo ckna-
fatoTbes 3 bionoriyHnx mMatepianis, CTOBOYPOBUX KIITUH
Ta MOXyTb 3arnobirTu BPOCTaHHIO 3 HABKOMWLLHIX TKaHWUH
i 3HU3UTMN YaCTOTY BUHWUKHEHHS HEBPOM) i METOAW FeHHOI
itpkeHepii MCK (mogudikauis nocnigoHocTi IHK abo
BBELIEHHS1 (hparmMeHTa LIiNbOBOrO reHa B KMiTUHy-rocrnogap,
abo BupaneHHs neBHUX parMeHTiB reHa 3 reHomy Ans
[OCATHEHHS eDEKTY 3MiHW FeHOTHNY KNiTUHU-rocnofaps
[22]). Me3eHximanbHi cTOBOYpOBi KIiTWHM BBOLASTH MICLIEBO
abo B CMCTEMHWII KPOBOTIK, BUKOPUCTOBYHOT iX CAMOCTIHO
abo B kKoMOiHaLLii 3 pocToBMUMM dhakTopamu [26)].

[loci Hemage eanMHOTO NOrNAAY HA OCHOBHUI MEXaHi3M
Aii MCK Lwono cTumyntoBaHHS pereHepalii HepsiB [27,28],
npoTe BBaxatoTb, o MCK, HaliMOBipHiLLE, BUKOHYIOTb
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TpodhiuHy hYHKLIO, IXHS POrb Y MOCUMNEHHI pereHepaLii
HEPBIB Mmonsrae B iHribyBaHHi MPOanoONTUYHWX LUMSXIB
[19,29], nocuneHHi BHYTPILLHBOI pereHepaTBHOI 30aTHO-
CTi HepBa Ta MiHiMi3aLii HeagekBaTHOT 3ananbHOT peakuii
nicns ywkomkeHHs Hepsa [30]. MCK 6epyTb yyacTb y
pemieniHi3avii WnsxoM CUHTe3y Ta BMBINbHEHHS BinkiB
mieniny MBP a6o PO [1].

MCK MoxyTb TpaHcaMdepeHLitoBaTUCS B LUBAHHIB-
cbKi knitnHy [31,32], HabyBaTy WwBaHHONOAGHOMO heHo-
Tmny [7,32] abo CTUMYMOBaTW aKTUBHICTb EHLOTEHHUX
LUBAHHIBCbKMX KNiTWH [33]. 3amiHa BTpayeHnx HEMpOHIB
NPOAEMOHCTPOBaHa in Vitro i Mae Yiamanuin noteHuian
Y LeHTpanbHin HepBOBIN cucTemi. Y nepudepuyHin
HEPBOBIW CUCTEMI AN ONTUMI3aLi pereHepaLii OCHOBHY
yBary npuainstoTh 30iNbLIEHHIO KiTbKOCTi Ta aKTUBHOCTI
Came LUBaHHIBCbKUX KNiTWH [24,34]. Takui nigxig 3ymos-
NEHVIA TPYAHOLLAMM, L0 MOB’AA3aHi 3 KyNbTUBYBaHHAM
QyTONOrYHKX LIBAHHIBCLKUX KNITWH [35]. [nst oTpuMaHHs
[OCTaTHbOI KiNIbKOCTi ayTOMNOriYHNX HeponemMoLuuTiB
HeobxigHO GpaTy 30OpOBUI HEPB, a Nepioan ekcrnaHcii
Ta OYMLLEHHSI JOBONI TpMBAni; Lie MoXe Mpu3BecTu Ao
3aTPUMKM BigHOBMNEHHs [31,36].

3ayBaxumo, L0 pereHepaLis akCoHIB i MieniHizaLis
BiAOYyBalOTLCA HOPMarbHO HaBiTb 6e3 AMCTanbLHOI Nponi-
hepaLii LWBaHHIBCbKMX KITITUH, OCKINbKM KNOYoBUM thak-
TOPOM AMSi HEMPONEMOLMTIB, KU CpUSIE pereHepalii, €
KOHTaKT 3 aKCOHaMW, a He KinbKicTb. HagMipHa KinbkicTb
kniTvH LLBaHHa 6e3 KOHTaKTY 3 aKCOHaMU BUAANSETHCA 3
HEpBa, TOMY KifbKiCTb HEPONEMOLMTIB TOYHO 30iraeTbes
3 KiNMbKIiCTH aKCOHiB [3].

MCK mMoXyTb npogyKyBaTut pisHi iMyHOPErynsTOpHi
dhakTopu ayTomnoriYHMX Ta anoreHHUX iMyHHUX KiTUH,
a Takox BpomxeHux (Bkntovatoun NK, HenTpodinm,
Makpodbari Ta AeHAPUTHI KNiTHK) Ta HabyTuUX iMyHHKX
KniTnH (3okpema T- i B-knituHm) [37,38]. CBotO iMyHO-
MOAYNIOBarnbHy pofb BOHW BifirpaloTb 3a JOMOMOrO
[BOX MeXaHi3MiB: cekpeLii LMTOKiHIB, BKMtovatoum IDO
(mogwnHa) a6o NO (muwa), PGE2, IL-4, IL-10, IL-12, IFN-y
i TNF-a, napakpyHHAM YMHOM i MPSIMUM KOHTaKTOM MixK
KniTuHamm [38].

MCK mMatoTb BMCOKY MNacTUYHICTb i MOXYTb nepe-
Knovatnes 3 nposanansHoro Ty MCK1 Ha npotusa-
nansHui Tun MCK2. Micna ctumynsauii npodanansHumm
dhaktopamu, sk-ot IL-1a, TNF-a Ta IFN-y, abo nicns ak-
TuBaLii Tonn-nogiéHoro peuentopa 3 (TLR3) MCK nons-
pU3yoTbCS Ha NpoTuaanansHui Tn MCK2, npogykytouu
Benuky Kinbkicts NO/IDO Ta iHLUMX iMyHOPErynsTopHuX
(haKTopiB | XeMOKIHIB, LLO Bigirpar0Tb iIMyHOCYNPECUBHY
ponb, iHribytoun yHKLito edpekTopHKx T-KNiTUH Ta iHaY-
KYHouM NPOAYKLto perynatopHux T-KniTuH (KNiTuH Treg)
[37,38]. PerynsitopHi T-kniTuHm (Treg-kniTuHM) — nigrpyna
CD4+ T-nimcpouuTiB, LLIO XapaKTepu3yoTbCs Mapkepamm
kniTmHHOI noBepxHi CD4 i CD25, TpaHckpunuiiHim Bin-
kom forkhead box P3 (FOXP3) [10,39,40]. Mpurhiyytouu
aKTMBALHO iHLUMX IMYHHWX KNITUH, Treg-KniTuHy MOXyTb
niATPUMYBATW iIMyHHWUIA FOMEOCTa3 Ta ONOCepPeaKoBYBaTU
iMyHHY TONepaHTHICTb Mig Yac 3ananbHoi Bignosigi [10].

Ockinbky HagMipHe Henpo3sananeHHs Moxe nepe-
LUIKOKaTW pereHepalii akCoHIiB i yHKLiOHanbHOMY
BiZJHOBMEHHIO MICNS YLUKOMKEHb HEPBIB, BBAXAtOTb, LLO
iMyHOCYNpeCuBHI BNacTUBOCTI KNiTUH Treg NoKpaLLytoTb
npouec pereHepadii [10,41]. Treg-kniTWHKX Takox cnpu-
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AT pemieninisauii Ta Hemponportekuii [10]. MCK iHay-
KYIOTb PETYNATOPHI NiMGOLMTY 3a [OMOMOTOK CekpeLii
MHOXWHHWUX NAEAOTPOMHUX LMTOKIHIB i MDKKMITUHHOIO
KOHTaKTY 3 KNiTnHamu-miteHsmu [13,42], 3HmKkytoTb ekc-
npecito IL-1. Po3pisHsitot ga Tunm IL-1: IL-1a Ta IL-1B.
OcHoBHa yHkuUia IL-1a nonsarae B akTvBaLii CUHTE3Y
IL-6 i rpaHynouuTapHo-MakpodaranbHOr0 KOMoHieCTH-
myntoBansHoro gaktopa (GM-CSF) y ¢ibpobnacrax
in situ, WO MOXHa BUSIBUTW NPOTArOM 2—5 roauH nicns
nowkomkeHHst [38]. Tpueana HasBHicTb IL-1B i TNF-a
MOXe CNPUYUHUTY 3arnbenb KNiTVH i HeripoaereHepaLlio,
a TaKoX ONOCepeaKoByBaTW YTBOPEHHS HEBPOM LLISIXOM
cTumynsuii nponicepalii ibpobnacris [8].

MiXKNITUHHI KOHTAKTM Ta NapakpuHHa nepegaya
cUrHanis MogyrnowTb 34aTHICTb CTOBOYPOBUX KMITUH
CeKpeTyBaTV akTUBHI MOMEKYNW, @ OTXKe iHAYKyBaTK ce-
KPETOPHY aKTMBHICTb EHOTEHHMX LUBAHHIBCHKUX KITITUH
i HaKoNMYeHHst Makpodaris No6nM3y MicLs YLIKOMKEHHS!
[19,43]. CToBOYpOBI KNiTUHW CTBOPIOKOTH MOCUIEHE HE-
PONPOTEKTOPHE MIKpPOCEPEaoBMULLE, Lo 3anobirae aere-
HepaLii HepBiB, NATPUMYIOE PICT aKCOHIB, HEMPOreHes i
KNiTHHUIA MeTaboniam [19,43].

Bigomoto € BnacTuBicTb CTOBOYPOBYX KMiTUH NpoAy-
KyBaTu HelpoTpodiyHi hakTopu: dhaktopw pocty IGF-I Ta
IGF-I11], HerpoTpodiH-3 (NT-3), HelipoTpodpin-1 (NT-1),
HevipoTpodhiH-4 (NT4, Takox Bigomui sk NTS; NT-4/5) [1],
umnniapH1i HerpoTpodivHkia daktop (CDNF), mo3koBuii
HeripoTpodiyHui daktop (BDNF), haktop pocTy HepsiB
(NGF), HerpoTpodiuHmii chakTop MiHii rianbHUX KMiTUH
GDNF4 [7,19,31,43].

Hempotpodiuni chaktopu (NF) — rpyna 6inkis, Lo
BiZOMi 3@ 30aTHICTIO CNPUSATU BWKMBAHHIO HEMPOHIB,
BNAXBaTK Ha nponidepadito Ta AndepeHLiloBaHHS
KNiTUH, PerymioBaTu CMHANTUYHY NAacTUYHICTb i MO-
[ynioBaTy PO3BUTOK i aKCOHIB, i AeHapuTiB. Kpim Toro,
NF nonerwytoTb 38’30k Mix HeWpoHamu Ta BiANOBIA-
HAMW TKaHWHaMK-MilLeHsMU [44,45]. HenpoTpodiyHi
(hakTopy XUTTEBO BaXIUBI AN18 POCTY HEVpUTIB Nif Yac
eMOpioHanbHOMO PO3BUTKY, ANSA MIATPUMKW XUTTE3AAT-
HOCTI OPOCIMX HEMPOHIB i pereHepalii nicns Tpasmm
[1,22]. Y GaraTbox [OCRIOKEHHSX MOBIAOMMAM, IO
HeMpOoTPOMIHN Ait0Tb pereHepaTMBHO Ha Pi3HWMX Moge-
NsX Nlofev | TBapyH, 30KkpeMa 3 HeliposananbHumm Ta
HevipofereHepaTMBHUMUN 3aXBOPHOBaHHAMM [45,46,47].
HentpoiHm MatoTb HU3bKOAMiIHHMI | BUCOKOAMIHHWIA
peuenTopu. HuabkoadiHHUA peuenTop P75 € ChinbHUM
peuentopom anst NGF, BDNF, NT-3/4/5 [48], B3aemogie
3 TPOMOMIO3MH-PeLIenTOPHUMK KiHa3amu (tropomyosin
receptor kinase, Trk), LLjo JoNOMaratoTh TpaHCMopTyBaTU
HepoTPOiHM B 3akiH4eHHs HenpoHiB [32]. OgHak NGF,
BDNF, NT-3/4/5 matoTb Takox creLmdiyHnin BucokoadiH-
Hu peuentop — TrkA ans NGF, TrkB cneuudiyHui gns
BDNF, NT-4/5 i NT-3, wo moxyTb 38's3yBatucs 3 TrkC i
CMPUSAIOTL TPAHCMOPTY HeMPOTPOiHiB [49].

®akTop pocty HepsiB (nerve growth factor, NGF)
— OOWH i3 HalKpalle BMBYEHWX HEMPOTPOMIYHUX hak-
TopiB [1], onucaHuit Bnepwe y 1951 poui. Cnoyatky
BCTaHOBMIU, WO B NepudepuyHii HEPBOBIN cucTemi
NGF € HelipoTpodiHOM, sikuidi [OMIHYE Ta B3aeMogie 3
CYMNATUYHUMU | CEHCOPHUMU HEMPOHaMM, KOHTPOITOE
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],
HeoOXigHWIA ANs BXKMBAHHA Ta audepeHLuiauii nepude-
PWYHOI Ta LIeHTpanbHoi HepBOBMX cucTeMm [51,52]. dakTop
POCTY HEPBIB y HU3bKWUX KOHLEHTPALisX BU3HAYUNN Y
3[0pOBUX HEPBAX, arne Noro ekCrpecis iCTOTHO 3pocTae
B HepBax Micns MOLWKOMKEHHS, Bigirpatoun nposigHy
porb Yy pocTi HOBUX HeMpUTIB [1,53], MOXe 3B’A3yBaTiCA 3
KiHa30t0 peLienTopa TPonomio3nHy A abo H13bkoadiHHIM
peuentopom NGF, 06 3MeHLWNTM AereHepallito Helnpo-
HiB, MPWUCKOPUTW pereHepaLito nepudepuyHnX HepBiB i
3MEHLUMTY 3anarnbHi peakuii [53,54,55]. PereHepaTuBHuiA
edekT crnpuynHeHUn iHribysaHHsM ekcnpecii p38MAPK
(p38 Mitogen-activated protein kinase), Lo aKTUBYETLCA
Ha paHHix cTagisx TpaBMaTUYHUX YLLIKOMKEHb nepude-
pU4HKX HepBiB | 6epe yyacTb y 3arnbeni knituH [1,56].

Brain-derived neurotrophic factor (BDNF) cnpuse
andepeHuiaLii CEeHCOPHMX HEMPOHIB i i€ Sk Helponpo-
TEKTOp PyXOBUX HeWpoHiB [32,57]. 3paTtHicTe BDNF «ps-
TyBaTU» PYXOBi HENPOHW 3AIACHIOETLCS Yepes peLenTop
TrkB [58]. CurHanbHui wnsx BDNF-TrkB y moTopHux
akcoHax fobpe Bigomuin. briokysaHHs aktueHocTi BDNF
NPU3BOAUTL A0 3MEHLUEHHSI PO3POCTaHHS! aKCOHIB, a
aroHictv TrkB nocuniotoTb pereHepalyito akcoHis [59,60].
lMpocTopoBa cneuudiyHicTs BDNF, sikuid Lpkyrtoe, noya-
CTM KOHTPOMKETLCS MPUNAMBOM KanbLito, L0 CTUMYTOE
TPaHCKPUNLit0 CUrHaNbHUX KoMMoHeHTIB TrkB [61], a oTxe
10ro Aisl Woao po3pOCTaHHS akCOHIB Moxe ByTu noka-
Ni30BaHOI0 1 iCTOTHILLe BNMBATME Ha peiHHepBaLito B
aKTMBHWX MOTOHeNpoHax [59].

Omxe, curHansHi wnsxu BDNF onocepenkoBaHo ye-
pe3 aKTuBaLLito TPaHCKPUNLLAHMX dhakTopiB BepyThb y4acTb
Yy BUXKMBAHHI KNITWH | HEWPOHHIN nnactuyHocTi [61]. BDNF
30iNbLUYE KiNbKICTb Mi€MiHI30BAHWX aKCOHIB i TOBLUMHY
Mi€eniHOBOT 060NOHKK, MiABULLYE aKCOHANMBHWIA CPYTUHT
[32], pie Ha HeVipoHW-MONEpeaHNKN B AINSHLI ypaKeH-
HS, CNPUSIIOYM NOKPaLLEHHIO HewporeHesy [62]. BDNF
HeobXigHW ANa HopManbHOro po3suTKy: HokayT BDNF
NpU3BOANTL 0 eMOpioHanbHoi 3arnbeni [61]. Y nepude-
puyHux Hepeax BDNF cuHTe3yeTbCst MOTOHeWMpoHamu,
HeripoHamu DRG (dorsal root ganglion) i LUBaHHiIBCbKMU
KknituHamu [61]. Micnst cTucHeHHs abo NOBHOTO NEPETUHY
Hepsa MPHK BDNF 36inbLuyeTbes Y BCiX TPbOX TWMax
KIiTUH, 30kpema B HevipoHax DRG, wwio ekcnipecytoTb TrkB
i TrkC, pe He BusiBneHo exkcnpecito BDNF [62,63]. MPHK
BDNF moxe 6yTn BUSIBNEHA B HEBEMUKUX KiMbKOCTSX
Yy CiOHWYHOMY HEPpBi, i MiCNA MOLWKOAXEHHS eKCrpecis
nigsuLyeTbes. Lia akTvBawis nigTpuMyeTbCs NpoTsrom
KirIbKOX TUKHIB, MOXe OyTv NOB’A3aHa i 3 HeMpoHanbHUM,
i HeHeVipoHHUMK Mxepenamu. MNpy NOLKOMKEHHI NuLie-
BOro Hepsa akTueaLis BDNF kopentoe 3 nokpalleHHAM
dyHKUiOHanbHoro pesynbraty [61].

IHcyniHonogibHi cakTopu pocty 1 i 2 (insulin-like
growth factors 1 and 2, IGF-1 1a IGF-2) BigirpatoTb knto4o-
BY POSb Y NiATPUML KMTTE3AATHOCTI HEPBOBOI TKAHWHY.
BoHwu cTumyntotoTh Mirpadito Ta nposidepalito HepBoBKX
KIMiTUH, aKTUBYKOUM KNITUHHUIA MeTaboniam, iHayKyHoTb pe-
reHepaLlito MOLIKOMKEHUX KMITVH, PETYTIOKTL Pi3Hi eTanu
npeHaTanbHOro Ta NOCTHaTaNbHOro PO3BUTKY HEPBOBOI
cuctemun. JoctynHictb IGF Ans KNiTUH KOHTPOMIOETLCS
3a gonomoroto ix B3aemogii 3 IGF-38’s3yBanbHuMu Bin-
kamu (insulin-like growth factor binding protein, IGFBP),
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Lo iHribYTh iXHIO aKkTUBHICTb. Po3wennenHs IGFBP
cneundiyHMMKM NpoTeasamy HaBnmaku NpusBoAUTL [0
BUBINbHeHHs IGF Ta akTuBauii oro KnitTMHHUX edbekTiB.
OcHosHe pxepeno IGF gns HenpoHis — acTpouuT. Bu-
BiNibHeHHs! IGF LUNsSiXOM NPOTEONITUYHOTO PO3LLENNIEHHS
IGFBP € BaxnvBMM MeXaHi3MOM 3axuCTy HEMPOHIB [65].

Micna ekcnepyMeHTanbHOMO MOLUKOMKEHHS HepBa
IGF-1 Ta IGF-2 aKTvByI0TbCS B HEpBaXx i M’'si3ax, BUKOHY-
10Tb HI3KY HEVIPOMPOTEKTOPHIX (PYHKLN Y MOTOHEPOHaX
[59]. IGF-1 mae Takox HelpoTpodiYHy Ta MioreHHy Aito
[59]. MioreHHa aist IGF-1 peanisyeTbCs LNSXOM 3HWXEHHS
LUBMOKOCTI iHAYKOBaHOI eHepBaLlieto M's130B0i aTpodii
[64] Ta cTUMynALIT NPOPOCTaHHSA aKCOHIB Yy AEHEPBOBAHI
M’A31 nig Yac peiHHepBauii [64,65]. Kpim Toro, IGF-1
CMpusie MiTO3y MiobnacTiB, ONOCepeaKOBYOUN LUMSX
MiTOreH-akTMBOBaHoiI npoteiHkiHasn (MAPK/ERK1/2) i
wnax PI3K/Akt, TMM camym BigHOBIHOKOYM MOLLKOMKEHI
M’130Bi KNiTUHW B M'I30BMX BOSOKHAX, a MOTIM pereHe-
pytoun ix [66,67]. MogibHo po IGF-1, IGF-2 HeobxigHW
Ans andepeHLitoBaHHA Ta pO3BUTKY M'A13iB i (OYHKLIOHYE
ayTOKPWHHO 3a TUM caMWM MexaHiamom [66,67]. IGF-2
CUHTE3YETbCH HEaKTUBHUMM BOMOKHaMM B YaCTKOBO
[eHepBOBaHNX M’'A3aX i Ai€ 5K CTUMYNATOP CNPYTUHIY 3a
[I0MOMOTOK0 M’A30BO-HEPBOBWX B3aemogin [59], iHaykye
nponicepallito HEpPBOBUX CTOBOYPOBUX KMiTUH Yepes
IGF1R (insulin-like growth factor1 receptor) abo B nep-
BUHHWX KynbTypax Herpocdep, abo B TpaH3WUTHO-amnIi-
(ikyroumx kniTnHax-nonepeaHukax [68].

LliniapHuii HepoTpodiuHmMin chakTop (ciliary neuro-
trophic factor, CNTF) — nntopynoTeHTHWiA HelpoTpodiy-
HWUIA (haKTop, BrepLUe BUAIMEHNI i3 LumniapHUX HEMPOHIB
Kypsiyoro embpioHa [69]. Bi Bigirpae Baxnuy pornb y
PO3BUTKY Ta NiATPUMLIi 30POBOI HEPBOBOI CUCTEMMU; 110TO
BMKOPUCTOBYETb MpU GaraTbOX 3aXBOPIOBAHHSX, LLO
noe’sizaHi 3 3opom [69,70].

CNTF HanexwTb 0O CiMeNcTBa LMTOKIHIB iHTeprei-
KiHy-6 (abo gp130), npomykyeTbCs in vivo acTpouuTamu
Ta WBAHHIBCbKMMK KniTuHamm [71], Bigirpae Baxnuy
pOnb y MOCWEHHI MOBTOPHOIO POCTY Ta [03piBaHHS aK-
COHIB Mig Yac pereHepalii nepudepnyHnX HepBIB Micns
MOLLKOMKEHHS [72]. Y HEepBOBIl cucTeMi BiH nigTpumye
BWXMBaHHS Ta AM(EPEHLIIOBAHHS HEMPOHIB, BKIHOYA0UM
HempanbHi CToBOYPOBI KNITUHW, raHrmii 3agHiX KOpIHLIB,
CEHCOPHI Ta MOTOPHI HEMPOHW, KNITUHW i [69,71,73,74].
Ha BHYTPILLIHEOKIITUHHOMY PiBHI BiH akTvBye Lunsxu PI3K/
Akt ta JAK2/STAT3 [71,75]. Ha BigMiHy Bip 6araTbox iHLLMX
HeiipoTpodhivHux chakTopiB, CNTF psicHo ekcnpecyeTbest
Y HEYLLKOKEHNX NepUgepUYHIX HepBax, ane npurHivy-
€TbCs1 Mg Yac pereHepalLyii HevpoHiB. Crneck BUBINbHEHHS
CNTF i3 noLIKOKEeHX LUBAHHIBCLKVIX KNITUH Bigpasy nicns
MOLLKOMKEHHS BBAXKAKOTh BUPILLIATBHUM CUrHaNoM Ans
CUHTE3Y iHLMX TPOiYHUX (haKTOpIB, LU0 NIATPUMYIOTH
pereHepaLito [71]. MokasaHo Takox, Wwo CNTF YuHUTL xe-
MOTaKCWU4HY fjto Ha Makpodaru, Lo MirpytoThb [7 1], cnpusie
BiHOBMNEHHIO YLLIKOMKEHOTO CiAHWMYHOTO HEPBA, NOMINLUYe
pereHepaLlito HepBiB [76,77], nigTpyumye yHKLT M'S3iB, siki
OTOMYHOTb YLLIKO[PKEH] HEpBU, MPUCKOPIOE Nporticpepalito Ta
AndepeHLitoBaHHs MiobrnacTiB, LLIO € NePCNeKTUBHUM AN1st
KOpeKLii M's130B0i aTpodii [76].

LinniapHui HepoTpodiyHmii dhakTop onocepeakoBye
Helpo3ananbHy peakLilo Yepes3 akTHBYHUMIA NepeTBo-
ptoBay curHany 1 aktueatop TpaHckpunuii 3 (STAT3),
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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 Tpasmu.
PekombinaHTHWin CNTF, HaHeCeHWih Ha YyTnuBI HepBM,
NOBTOPIOE Helpo3sananeHHs B DRG Ta cniMHHOMY MO3ky
3 po3suTkom Gonto Hagani [78]. Kpim Toro, CNTF 36inb-
LUIYE BWKMBAHHSA 3pinux oniro4eHApounTiB Y Mogeni
EAE (experimental autoimmune encephalomyelitis) Ta
CMPUYMHSIE PEMIENiHI3aLLit0 MICNS MOLLKOMKEHHS CIIMHHOTO
mo3ky [73]. CNTF noB’sisaHuin Takox i3 HelipogereHepa-
TWBHVMM 3aXBOPIOBaHHAMU — XBopobamm [NapkiHCoHa Ta
Anburenvepa [69].

GDNF (glial cell line-derived neurotrophic factor)
BnepLue onucanm Engele et al. y 1991 poui sik HepoTpo-
ivnnin paktop. GDNF ekcnpecyeTbcst HelipoHamu B
LiEHTparnbHi HepBOBIl CUCTEMI, L0 PO3BMBAETLCS, a Y
[IOPOCMNX CUHTE3YETHCH rMianbHUMM KNiTMHaMK (LUBaH-
HIBCbKAMW KMiTUHaMK, acTpouutamu Ta Mikpormnieto),
a TakoX MOTOPHUMM, KULLKOBUMM, CUMMNATUYHUMU Ta
[0(hamiHePriYHUMI HEMPOHAMK, KMITUHAMU CKENETHMX
M’'A3iB | AeHepBoBaHUMY kniTuHamu [79,80,81]. GDNF 3a-
nobirae anonTo3y MOTOHEWPOHIB Mg, Yac po3BUTKY in vivo,
3MeHLLYy€e BTpaTy MOTOHEWPOHIB Ha MOAENsSX MOTOPHOI
HeBponarii Ta AereHepaLlii y TBapyH, PSTYE MOTOHENPOHU
Bif 3armbeni KniTH, CNpUYMHEHOT aKCOTOMIELD, 3aXuLLAe
BiZl XPOHi4HOI AereHepadii [79].

[onaTtkoBuii HAyKOBUI iHTEPEC BUKINKAE 3AaTHICTb
GDNF nocunioaT MieniHisaLjto nicns TpasMu, CTUMYHo-
BaTW PICT HEMpUTIB i BigirpaBaTVt Pofib CUHANTOTPOMIHY,
CTUMYTOKOYM | TEPMIHATbHE PO3rany>XeHHS!, i pPeMOZEnto-
BaHHS B HEPBOBO-M'S130BOMY 3'eAHaHHi [79,80,82]. GDNF
YTBOPIOE KOMMMeKC i3 peLientopoM cimeiictea GDNF a1,
AKUIA 3aKPINNeHNI Ha NNasMaTUYHIN MeMbpaHi HEMPOHIB.
Komnnekc GDNF-GFR a1 B3aemogie 3 peLenTopHO
TUPO3MHKIHAa30t0, peuenTopamu RET, Lo npn3soauTs 40
aKTVBaLii BHYTPILLUHBOKITITUHHOTO KIHA3HOTO JOMEHY Anst
iHAYKUIT MHOXXWUHHMX BHYTPILUHBOKITITUHHUAX CUTHAMBbHUX
wnaxis [80,83,84]. MokasaHo, LU0 BiH CPSMOBYE PyXOBi
aKCOHM naTteparnbHOr0 MOTOPHOTO CTOBMA A0 iXHIX Mi-
LLIeHel y 3aaHii KiHLiBL, ane oro 3aaTHiCTb iHayKyBaTy
CMPSIMOBAHUI PICT HEMPUTIB B iHLUMX TUNax HENPOHIB Mae
OyTv nigTBepmxeHa [71].

Cimeicteo Henperyniny-1 (neuregulin-1, NRG1)
Biirpae BM3HayanbHy ponb Yy PO3BUTKY i eBOMoLil
LUBAHHIBCLKVX KNiTUH [31]. PospisHstoTs isochopmn NRG1:
TpaHCMeMOpaHHy (EKCpecyeTbCs akcoHamu, bepe
aKTWBHY y4acTb y perynsuii MieniHizauii) Ta posqmnHHy
(BMBINBHSAETLCS LUBAHHIBCLKVMY KMiITWHAMM Bigpaay micns
NOLLKOKEeHHS HepBa) [85,86]. TpaHcmeMbpaHHuin NRG1
[ie SK NpOMIENiHi3yto4uii hakTop, a po3dnHHa isodopma
iHridye mieniHisauito [85]. Kpim Toro, TpaHCcMeMBpaHHuMi
NRG1 HeraTMBHO BNMBaE Ha E€KCMPECit0 PO3YUHHOTO
NRG1 y wBaHHiBCbkux kniTuHax [85]. HassHiCTb TpaHc-
membpaHHoro NRG1 akTuBye kackaam, L0 CTUMYIHOIOTb
AnbepeHLiitoBaHHS, PO3MHOXEHHS Ta MirpaLito LUBaHHIB-
CbKUX KMITWH Mig Yac pereHepaLlii Hepsis [22,31]. Ekcripecist
NRG1 3HmKyeTbCS Nig Yac AereHepalii Ta 3anuwaeTbes
HI3BKOIO MICIS YMOBINBbHEHOI pereHepallii HepgiB [87]. PiBHi
NRG1 B13Ha4atoTb po3Mip akcoHa, Aarym 3Mory MieniHi-
3YH0UYMM LUBAHHIBCKUM KIITUHAM OMTUMI3yBaTH TOBLLHY
MieniHoBOi 060M0HKK [31]. PibpobracTy MOXyTb CpUATK
BUCOKOMY piBHIO po3unHHoro NRG1, Lo npu3sBoautb
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[0 feaudpepeHuitoBaHHs HeviponemoumTie [86]. NRG1
YMHWTb TAKOX HENPOMNPOTEKTOPHY 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-eKCrnepuMeHTanbHmX
JOCniDKeHb LWOAO pereHepalii nepuepuyHmX HepBiB,
MOLUYK HOBYWX eheKTUBHIX METOZIB NiKyBaHHS L€l naTo-
norii 3anMwaeTbea akTyanbHUM.

2. BukopucranHst MCK camocTiiiHo a6o y komBiHauii
3 CyYyacHUMM BiOiHXEHEepHUMU, 30KpeMa FeHHO-IHXe-
HEPHUMM TEXHOIOTISIMIA 3HA4HO MOKPALLMIIO pesynsTaTu
niKyBaHHA TpaBM nepudepnyHoro Hepsa. Ek3oreHHe
BBEAEHHS HABEAEHNX HEMPOTPOMIYHNX haKTOPIB TaKoX
CMPVSNO MOKPALLEHHIO PE3YNbTaTiB MiKyBaHHS.

3. BaxnmBum € NPOOOBXEHHS MOLLYKY HOBUX edhek-
TUBHUX CNOCOBIB aKTMBaLlii eHOAOreHHNX CTOBOYPOBMUX
me3eHxiManbHKX KniTuH abo Mogynauji ix Buxogy 3 Tka-
HUHHWX Hil. EHOoreHHi cToBBYpOBI KNiTUHK, 30Kpema Ti,
LLIO LMPKYFIOOTb Y NEPUDEPUYHIN KPOBI, 3HAYHO MEHLLE
[OCTifKeHi Ta onucaHi B Cy4acHi MeguyHin nirepatypi.

4. [etanbHe JOCNIMKEHHS Pi3HOMaHITHUX dapma-
KOMOriYHMX, reHHoMoaudikaLinHnx Yyn Biomoamndika-
LifnHMX meToZiB mobiniavii eHaoreHHMX CToBOYpPOBYMX
KMiTWH, iXHIX BNacT1BOCTel Ta ineHTudikaLii moxe 6yTu
NEePCNeKTUBHUM Y pereHepaTopHi MeauumHi 3aranom i
pereHepaLii neputepuyHmMX HepBIB 30Kpema.

®iHaHcyBaHHA

AOCAIAKEHHS BUKOHAHO B pamkax 6toaxeTtHoi HAP HallioHaAbHOro
MeAUYHOro yHisepcuteTy iMeHi 0. 0. BoromoabLis «BUBUNTH
0CO6AMBOCTI BiAHOBAKOBAABHWX NPOLIECIB Y TOAOBHOMY MO3KY

Ta HepBOBOMY CTOBOYPI MPY MOAYASILLIT HAKOMUYEHHS Ta
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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 NOPaHEeHHSA LWHi

0. 0. KoeanboB, C. M. 3aBropoaHin, 0. . Tonok, M. A. Kybpak, K. 0. KoBanboB

3B'A30K MiX BiICbKOBOIO TPABMOI Ta PaKOM BUBYEHO HELOCTATHBO. Y CTaTTi HABEAEHO KMiHIYHE CMOCTEPEXEHHS MeTacTasy-
BaHHS paKy HEBIZOMOI NEPBUHHOI NoKanisaLii B KeNoiaHWi pybeLb Lui, Lo BUHWK Nicns XipypriYHoi 06pobku paHu BHAcnigok
MiHHO-BMOYX0BOrO NOpaHeHHs1. Y JOCTYMHIN (haxoBiii nitepaTypi He BUSIBNEHO ONWCIB NOAIOHUX KNIHIYHWX BUNAZKIB.

Merta po6oTu — aHanis KMiHiYHOro BUNaAKy METacTasyBaHHA afeHOKapLUMHOMM Y TKaHUHW KenoigHoro pybus, WO BUHMK
BHaCHMiOK BOTHenasnbH1X NopaHeHb Tina.

KniHiuHe cnocTepexxeHHSA. Y MONOAOro YoroBika, BiliCbkOBOCYXO0BLIS, Micns MiHHO-BMOYXOBOTO NOPaHEHHS Ta NePBUHHOI
XipypriyHoi 06pobky paHm LKT BUHWK KenoigHMiA pyBelib. Yepes 2 pokw nicns BUCIMEHHS Y HBOMY BUSIBNIEHO MeTacTas aeHo-
kapumHomu kuwkooro Tuny (Cytokeratin-20+, Cytokeratin-7-, CDX2+, SATB2+). 3a fONOMOrOH0 KniHiYHUX, EHAOCKONIYHUX
i pagionoriyHux mMeToAiB (koMn'toTepHa Tomorpadisi Ta NO3MTPOHHO-eMICIHA Tomorpadis / komn'loTepHa ToMorpadis)
NepBUHHY MyXNWHY Ta AOAATKOBI MeTacTasu y LM, rpyaHii, YepeBHili MOPOXHUHI Ta ManoMy Tasi BUSIBUTW He BAANOCH.
[poaHani3oBaHO MOXMMBI MEXaHi3Mu piaKICHOrO BUNAaAKy MeTacTadyBaHHS afeHOKapLMHOMYU Y TKaHUHN HeiHikoBaHOro
kenoigHoro py6us. HaBegeHo koHLUenLito (popMyBaHHS NpeMeTacTaTUYHOI Hilli Ha paHHiX cTafisx KaHueporeHeay [oKni-
HIYHOI NyXIMHY.

BucHosku. OnucaHe cnoctepexeHHs CTaBUTb HOBI MUTAHHSA LOAO NPOLECY reMaToreHHOro MetactasyBaHHs Mif Yac
napanenbHOro NPorpecyBaHHs NEPBUHHOT MyXMNWHK 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.

ISSN 2306-8027 http://pat.zsmu.edu.ua

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
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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 (xnAf — tumor and €idog
— 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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