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TpuBanum restraint-ctpec sk npeaukrop GpopmyBaHHA
IHCYAIHOPE3UCTEHTHOCTI B eKCnepUMEHTaAbHUX LUYpiB

K. B. PomaHoBa®B°P, Q. B. lTaHueBa®**E 0. M. KoneCHUKDAEF

3anopi3bkuni AepxaBHUIA MeAUKO-GapMaLIEBTUUHUIA YHIBEpCUTET, YKpaiHa

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuWX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;
F - ocTatouHe 3aTBEPAXEHHS CTaTTi

MeTa po60Tu — BU3HAUNTK XapakTep 3MiH i NaToreHeTUYHi MexaHi3mMu hopMyBaHHs rMikeMiYHOT KpKBOI Nig Yac TecTy Tone-  Katouosi cnosa:
PAHTHOCTI 30 rMHOKO3M Y LLypiB Ha 6, 15 i 21 TWxkHI 0OMEXEHHS KUTTEBOTO NPOCTOPY. CTpec, iHCYAHO-
PE3UCTEHTHICTb,
BYTAEBOAHUI 0OMiH,
TECT TOAEPaHTHOCTI
AO TAOKO3M, LLYPH.

Matepianu Ta meTogu. Bukopuctanu 55 wypis-camuis ninii Wistar Bikom Bia 6 o 10 micsuis. TeapvH noginunu Ha 4 rpynu:
1 — iHTaKTHUI KoHTpOnb, 10 wWypis; 2, 3 i 4 rpynn — no 15 wwypie-camuiB, siki nepebyBanu B yMoBax 0OMEXEHHS KUTTEBOTO
npocTopy npotsirom 6, 15 Ta 21 TwxHA BignoBigHO. Y nna3mi KpoBi HaTLLe BU3HAYanM KOHLEHTpaLi MoKo3W (TECT-CMY3KKU
Test Strip Il Ha rntokomeTpi Glucocard (ARKRAY Inc., AnoHist), iHCyniHy Ta KOPTUKOCTEPOHY (iMyHODEPMEHTHUM METOLOM,
BUKOPUCTOBYHOUM KOMEPLIIHI Habopu ans wypis dipmu Monobind, USA), npoBoaunm Tect TonepaHTHOCTi 4o rntokoau (I'TT),

pospaxosysani iHaekc HOMA Ta koediLieHT iHCyNiH/KOPTUKOCTEPOHOBOTO CTIIBBIAHOLLIEHHS. Maronoris. 2023.

T. 20, Ne 2(58).
Pesynkratu. Y pesyrsrari 0BMEXeHHS )UTTEBOTO MPOCTOPY, MariopyXnMBOCTI Ta CKMafHNX KOMYHIKaLiiiHWX BIQHOCKH y TBapuH,  C-103-107
sKi 6 TKHIB NepebyBanu B Ha3BaHMX yMOBaX, TUM IMiKEMiYHOI KpUBOT CTaBaB riMoiHCYMiHEMIYHO-TIMOTMIKEMIYHUM i3 BUCOKOIO
YYTMBICTIO TKaHWH Ao rntokoau (iHgekc HOMA poctoBipHo 3HvkyBaecst Ao 0,21 npotu 0,55 B KOHTPON), XapakTepu3yBascst
BiATEPMIHOBAHICTIO rinepriikeMiyHoro Makcumymy Ha 30 XBUMMHI TECTY, NOBINIbHUM MOBEPHEHHAM 0 €YrNiKEMIYHOrO PiBHS
Tinbkwn Ha 90 xBUMMHI (MpoTy 30 XBUMMHW Y KOHTPON). [NOIHCYNIHEMIYHY KpUBY 3i 30EPEXEHO0 YYTNMBICTIO TKAHWH A0 FITIOKO3K
(iHnekc HOMA 0,33 npotu 0,55 B koHTponi) hopmyBano 15-TuxxHeBe 0OMEXEHHS XMTTEBOrO NPOCTOpY. 3MiHW B nicnsnpaH-
AianbHOMY 3aCBOEHHI [TIOKO3W BUSBMAMM 32 HAMBWLLOIO KOHLIEHTPALIE MTI0KO3M Ha 15 XBUNWHI TECTY, AyXe MOBINbHUM
3HUKEHHSIM PIBHS F1tOKO3K B nicnsiabcopbuiiHomy nepioai 663 NoBepHEHHs 0 BUXiAHMX 3Ha4eHb Ha 90 XBUnuHi. diabeTnyHui
TWN rnikemivHOT KprBOT hopMyBaBCS Ha 21 TUXKHI OOMEXEHHS, NOpYLLYBaB YYTIMBICTb TKAHWH A0 ITOKO3 (CYTTEBE JOCTOBIPHE
36iNbLUeHHs po3paxyHkoBoro iHaekcy HOMA 3 0,55 y koHTponi fo 0,95), CnpuymnHsB BUHWKHEHHS! IHCYNIHOPE3UCTEHTHOCTI.

*E-mail:
gancheva_olga@i.ua

BucHoBku. OOMexXeHHs! XUTTEBOrO MPOCTOPY, MaNoOpPyXSMBICTb i CKNafHi KOMYHiKaLiHi BIGHOCWHM y TBApUH NOCTYMNOBO
hOpMYHOTb KOMMMEKC NOPYLLEHD, LLIO 3MIHIOKOTb XapaKTep MIKeMIYHOI peaKLii Ha FM0KO3HE HAaBaHTaXEHHS, MOPYLLYOTb NpaH-
JjarnbHy CekpeLto iHCYniHy, NiABULLYIOTb rineprilikemidyBarnbHY Aito KOHTPIHCYNSPHUX TOPMOHIB (KOPTVKOCTEPOHY) Ta peanisytoTb
AncyHKUIOHaNbHI NPosiBX NpandianbHoi/nicnanpangianbHoi rikemii. inoiHcyniHEMIYHO-TNOMMIKEMIYHWA TUN FiKeMiYHOT
KPUMBOI 3 BUCOKOH YyTNMBICTIO TKaHUH [0 IMOKO3U (hOpMYETLCS Ha 6 TWKHI 0OMEXEHb i HerapasgiB; rinoiHCYMiHEMIYHY KpuBY
3i 30epexeHO YyTIMBICTIO TKaHWH A0 TTHOKO3U OfepXanu Ha 15 TWxHI; AiabeTU4HNA TN rMIKEMIYHOT KPUBOT i3 NOPYLUEHSIM
YYTMBOCTI TKAHWH [0 ITOKO3U Ta PO3BUTKOM iHCYNMIHOPE3MCTEHTHOCTI BU3HAUMIMN Ha 21 TUXKHI.

Long-term restraint stress as a predictor of insulin resistance development Key ""°.’"s’l.
. . stress, insulin
in experimental rats resistance,
carbohydrate
K. B. Romanova, 0. V. Hancheva, Yu. M. Kolesnyk metabolism,

The aim of the work was to define the pattern of changes and pathogenetic mechanisms of glycemic curve shape duringa ~ glucose tolerance
glucose tolerance test in rats at 6, 15, and 21 weeks of environmental space restriction. test, rats.

Materials and methods. A total of 55 male Wistar rats aged 6-10 months were used and divided into 4 groups (1 —intact . gia, 2023.
control, 10 rats; 2, 3 and 4 of 15 rats each, which were in conditions of restricted environmental space for 6, 15 and 21 weeks,  2¢(2), 103-107
respectively). Fasting plasma levels of glucose (test strips Test Strip Il on a Glucocard glucometer (ARKRAY Inc., Japan)),

insulin and corticosterone (by an immunoenzymatic method using commercial kits for rats from Monobind, USA) were mea-

sured, glucose tolerance tests (GTT) were performed, the HOMA index and the insulin/corticosterone ratio were calculated.

Results. The 6-week environmental space restriction, immobility and complex communication relations resulted in a hypo-
insulinemic-hypoglycemic type of the glycemic curve with high tissue glucose sensitivity in animals which were in the condi-
tions described (the HOMA index was significantly decreased to 0.21 versus 0.55 in the control), the characteristic delayed
hyperglycemic peak at the 30" min of the test slowly returned to the euglycemic level by only the 90" min against the 30" min
in the controls. The 15-week restriction caused a hypoinsulinemic curve with preserved tissue glucose sensitivity (the HOMA
index 0.33 versus 0.55 in the controls). Alterations in postprandial glucose absorption were manifested by the highest glucose
concentration at the 15" min of the test, a very slow decrease in the glucose level in the post-absorption period not being
restored to baseline values by the 90" min. The 21-week restriction shaped a diabetic type of the glycemic curve, impaired
tissue glucose sensitivity (a substantial and significant increase in the calculated HOMA index from 0.55 in the controls to
0.95) and resulted in the development of insulin resistance.

Conclusions. The environmental space restriction, immobility and complex communication relations gradually induce a
range of disorders in animals and change the glycemic response shape to glucose load, impair prandial insulin secretion,
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augment hyperglycemic effects of counterinsular hormones (corticosterone), and realize dysfunctional manifestations of
prandial/postprandial glycemia. 6 weeks of restrictions and challenges shape the hypoinsulinemic-hypoglycemic type of the
glycemic curve with high tissue glucose sensitivity, while 15 weeks result in the hypoinsulinemic curve with preserved tissue
glucose sensitivity. 21 weeks show the diabetic type of the glycemic curve with impaired tissue glucose sensitivity and the

development of insulin resistance.

Yci uBi opraHiamu, LWo6 BNopaTuncs 3 LUMPOKVM CMIEKTPOM
HaAMIpHUX CTUMYNIB, SIKi 3arpoXytoThb (260 CnpuiMatoThb-
€1 K Taki) i nopyLUytoTb AyHaMiYHy piBHOBary abo romeo-
cTas, BMPOOWIM BUCOKOKOHCEPBATUBHY PEryrtoBanbHy
cuctemy ctpecy [1]. LloBeaeHo, Lo Npu BNfMBi CTpecopis
NOHaz, NEBHWIA MOPIr aKTMBALisi CUCTEMU CTPECY NPU3BO-
O1Tb 40 HW3KKM (Di3ionoriYHKX | NOBEeAIHKOBUX adanTauin,
SIKi LonoMararoTb SOCSITY FOMeoCTaay i 36inbLUMTM LIaHCK
Ha BUXMBaHHSI. BTim, konu cTpecoBa peakLis Ha BUKIUK
HeafekBaTHa, HagMipHa abo TpuBana, AesaganTauis,
LU0 BMHUKAE B pesyrnbTaTi, MOXe CMpUYMHUTM naToso-
rivHi cTaHu. HaBiTb HU3bKOIHTEHCUBHI CTpecopu, Lo
MatoTb TpMBany Aito, 30aTHi 3anyckaTu CknagHui kackag,
rOPMOHarnbHO-MeTabomniYHMX NopyLweHb i3 HanbinbL
BUPA3HMMM 3MiHaMK y CTaHi BYrneBOAHOTO 0OMiHy [2].

3a3HauMMo, L0 HE MEHLL 3HaMYLLMIA MOLYHOBAbHUIA
BMNMMB Ha XxapakTep MeTabonivH1X 3MiH Mage cnocio XuTTs,
0co6nmBo ManopyxnmeicTb abo BifCyTHICTb (isnyHOI
akTmBHOCTI. Came Ui haKkTopy BBaXatoTb FOIOBHOK
MPUYNHOK MOLUMPEHHS OXMPIHHA Ta HagMIpHOI Barw,
BU3HAYaKOTb K YMHHUKM PU3NKY PO3BUTKY HU3KU HEiH-
heKUINHMX 3aXBOPHOBAHD.

HepasHi gocnimkeHHs nokasanw cyTTee 30inbLueH-
HS1 3aXBOPIOBAHOCTI Ha CepLEBO-CyAUHHY MaTomnorilo Ta
fiabet 2 Tvny B YkpaiHi Ta cBiTi [3]. MMoka3aHO 3B'30k
iX hopmyBaHHs 3 METABONIYHNMK NOPYLUEHHAMM Yepes
ManopyxXnuBICTb i HeraT!BHi yMOBW XUTTS. [oLuMpeHicTb
MaropyxnmBoro crnocoby XWUTTS BU3Ha4atoTb sk rnobarns-
Hy Npo6riemy cycninbHOi OXOPOHM 300POB’A Yepe3 OCTaHHI
TEXHOMOriYHI iHHOBaLi Ta nepexig A0 MEHLU PyXJMBUX
3aHATb | posear [4]. Tak, B ekcnepuMeHTansHOMy [0-
CTiIKEHHi BNUBY 8-rOAMHHOTO OOMEKEHHS! XUTTEBOIO
npocTopy B Lypie Quadri K. Alabi ta Rufus O. Akomolafe
nokasanu cyTTeBe NiABWLLEHHS PIBHIB FHOKO3W, iHCYMiHY
1 iHOEKCY rOMeoCTaTUYHOI OLiHKW iHCYNIHOPE3UCTEHT-
HocTi (HOMA-IR). ABTOpK BBaXat0Tb, LLO Lie MOXe ByTu
MOB’A3aHO 3i 3HWKEHOK PEAKTUBHICTIO TKAHWH-MilLEHeN
[0 Aii iHcyniHy, TOBTO CBiAUMTbL MPO NOYaTOK POPMYBaHHS
iHCyniHOPE3NCTEHTHOCTI [5].

Ha »anb, cy4acHi yMoBM (hopMyHOTb Liifli KOMMEKCH
XWUTTEBUX HErapasais: MOCTIVHI CTPECK Pi3HOT IHTEHCKB-
HOCTi Ta TPUBANOCTi, ManopyX/MBICTb i3 NOPYLIEHHAMU
KOMYHIKaLiNHWX coLjianbHUX i NCUXOMOMYHUX BiHOCKH.
Taki Komnnekcu cknagHux i TpBarnux BrnMBIB yTBOPIOIOTb
B3aEMO3B'SI30K MiXK CTPECOM | MpoLiecamu, LLO CIPUYUHS-
10Tb 3aXBOPIOBaHHS [6].

HesBaxatoum Ha CTepeoTUMHiCTb Ta yHiBepcasb-
HiCTb CTpec-peakuii, Ans NporHo3yBaHHs ii nepebiry
Ta xapakTepy BNnuBiB HeoOXiAHO BpaxoByBaTu Taki
BaXNWBI (hakTopu, AK cuna Ta TpuBanicTb CTpecopa,
3aBepLLEHICTb BNNBY, 3AaTHICTb NPO- Ta aHTUCTPECOPHOT
CHCTEM, BUXiQHWI piBEHb HEMPOrymMopansHoro 6anaHcy
Ta MeTabomiYHNX KOHCTaHT.

Tomy npobnemaTuka OOCMIAXEHHS MeXaHi3miB
BMIMBY Ha 300POB’S HACENEHHS COLianbHOro CTpecy 3
06MEXEHHSIM XXUTTEBOTO NPOCTOPY, MAropyXMnuMBICTIO Ta
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IXHBOT poni B hOpMyBaHHi NaToNorii 3anMWaeTbCcs akTy-
anbHot0. BTiM, He3BaXatoun Ha BUCOKY 3HaYYLLICTb L€l
npo6nemu Ta 3aLikaBneHiCTb HayKOBLLB B ii pO3B’A3aHHi,
3anuwaeTbcst 6arato He3'ACOBaHWX MOMEHTIB. Tomy Ans
PO3yMiHHS! NOPYLLEHOT NPOBNEMN BBKAEMO BaXINBIM
i HeOOXIZHNM eKcnepUMeHTarnbHe JOCTIMKEHHS 3 Moae-
MIOBaHHAM KOMMIIEKCY HEraTUBHWX BMBIB i BUBYEHHS
AVHaMIKV 3MiH Big noyaTky Aii dakTopis 40 (hopMyBaHHS
NaTOrHOMOHIYHWX CUMMTOMIB MaTosIOril.

Merta po6otu

BusHaunTn xapaktep 3MiH i MatoreHeTUYHi MexaHismMu
¢hopmyBaHHS FMiKeMiYHOI KPMBOI Mif Yac TECTY TOMepaHT-
HOCTIi 10 [1IFOKO3M Y LLypiB Ha 6, 15 i 21 TkHI 0OMEXEHHS
XMTTEBOIO MPOCTOPY.

Martepianu i meToAU AOCAIAKEHHA

Y pocnipxeHHi BukopucTanu 55 Lwypie-camuis niHii Wistar
Bikom 6-10 micsuis, siki nepebysanu B BiBapii 3anopisb-
KOrO [lepXaBHOT0 MeauKo-(hapMaLEeBTUYHOMO YHIBEp-
cutety. Temneparypa nositps — 20-25 °C, csitnosui
ZeHb — Big 07:00 o 19:00, 3 BinNbHMM JOCTYNOM [0 iXi
Ta Bogu. LLlypiB noginunu Ha 4 ekcnepyMeHTanbHi rpynu:
1 — iHTaKTHWIA KoHTponb (10 wypi); 2, 3 i 4 rpynn — no
15 TBapuH, AKMM MoAentoBanu restraint-ctpec wnsaxom
0OMEXeHHS XWUTTEBOrO NPOCTOPY KMiTKU (HOPManbHUIA
po3amip — 350 cm?) Ha 40 % (210 cm?) npotsirom 6, 15121
TwkHiB. OgHOYacHo B kniTUi nepebysanm 5 TBapuH. Ans
CTBOPEHHS 10AaTKOBUX CTPECOPHUX HEerapasais i ranb-
MYBaHHS afanTaLiliHUX NPOLECIB KOXHOMO TWXHS ABOX
LLYPIB i3 rpynu nepemiLLiant B iHLLY KNiTKy B MEXax rpymnu.

CtaH ByrneBogHOro o6MiHy OLiHIOBaNU LWIMASXOM
BU3HAYEHHS HaTLLe KOHLIEHTPALiN rTHOKO3K (TECT-CMYXKKM
Test Strip Il Ha rmokomeTpi Glucocard (ARKRAY Inc.,
£AnoHis), iHCyniHy Ta KOPTUKOCTEPOHY Ha aBTOMaTU4HOMY
iMyHodbepmeHTHOMY aHanisaTopi Thunderbolt® Analyzer
(Gold Standard Diagnostics, CLUA) B nna3smi Kposi,
BVKOPUCTOBYIOYM KOMEPLINHI Habopw Ans wypis dipmu
Monobind, USA. Kpim Toro, npoBenv TeCT TONepaHTHOCTi
Zo rmtokoau (MTT). [Ans oUiHIOBaHHS YyTNMBOCTI TKaHWH 40
iHcyniHy pospaxoByBanu iHaekc HOMA-IR 3a chopmynoto:
HOMA=C1 x C2/22,5, ne C1 — koHUeHTpaLis iHcyniHy
HaTwwe, MKO[/mn; C2 — KOHUEHTpaLlis FMoKO3W HaTLLe,
mMM/n. [ins BU3Ha4eHHs XxapakTepy BNnvBy Ta peanisavii
CTpec-peakuii pospaxyBamm koedilieHT iHcymiH/KopTh-
KOCTEPOHOBOIO CMiBBIAHOLLIEHHS.

['TT 3pificHANM ANa BU3HAYEHHs XapakTepy rrike-
MiYHOI peakLji Ha MOKO3HE HaBaHTAXEHHS, HEMPSIMOro
OLiHIOBaHHS NpaHzianbHoOi cekpeLil iHcyniHy Ta perynaui
npanzianbHoi/nicnanpaxAianbHoi rikemii, AiarHOCTUKM
MPVXOBaHMX MOPYLUEHb BYrNEBOAHOrO 06MiHy. TecT BuKo-
Hanw 3rigHo 3 METOAMYHUMM peKOMEHAALISMU «JOKMiHIYHi
JOCTIDKEHHs nikapcbkux 3acobiBy, WO pekoMeHAOoBaHi
chapmakonoriyHum komitetom MO3 Ykpaiu ans ekcne-
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PUMEHTASBHOIO BUBYEHHS HOBWX riNOrMikeMiYHyx 3acobiB
[7]. Bnsa npoBeaeHHs TecTy nicns 12—14-roguHHOTO HIYHOTO
ronofyBaHHS LLypiB PO3MiLLlyBani Mo OAHOMY B KIliTKax
npw BiNbHOMY AOCTYNi A0 Boaw. Nepen novaTkom TecTy y
KOXHOI TBApVHW BU3HAYaru HaTLLE PiBEeHb ITHOKO3M Nnasmu
3 XBOCTOBOI BEHY. [T1OKO3HE HaBaHTaXXeHHs 34iNCHI0Banu
LLIMISIXOM OAHOPA30BOr0 BHYTPILLUHBOYEPEBUHHOIO BBEAEH-
HS1 2 T ITII0KO3M Ha 1 Kr Macu TBapyHW, L0 po3BefeHa B
6 mn 0,9 % posumnHy NaCl. Yepes 15, 30, 45 i 90 xBunuH
Micnst BBEAEHHS MMOKO3K Gpani KpoB i3 XBOCTOBOI BEHM
NS BUHA4YeHHS ii KOHLeHTpaLyii.

PesynbraTtyt onpautoBanu, 3acToCyBaBLUM MaKET
npvknagHux i cratnuctuyHux nporpam Excel 7.0 (Microsoft
Corp., CWA) i nporpamy Statistica for Windows 13
(StatSoft Inc., Ne JPZ8041382130ARCN10-J). Pospaxy-
Banu cepenHe apudMeTuyHe 3HadveHHs y Bubipui (M),
AVCNepCito Ta NOMUIKY cepefHboro (m). [Ans ouiHioBaHHS
[OCTOBIPHOCTI BiAMIHHOCTEW pe3ynbTaTiB B eKCepuMeH-
TanbHUX i KOHTPOMBHIN rPyNi LLYypiB BU3HaYanM koediLlieHT
CtblogeHTa (t) ansa BubipkM 3 HOPMAnNbHUM 3aKOHOM
po3noaineHHs aaHwx, kputepin Manna—BitHi (U) — ans
BUOIpKK, A€ NOKa3HMKM He BiANOBiAanu 3akoHy Hopmarb-
Horo posnoginy. Micns uboro BU3Hayanm BiporigHICTb
BiAMiHHOCTEN Yy BMbipkax (p). [JoCTOBipHUMU BBaxanu
3HaueHHs, AN skux pg < 0,05.

PesyAbTati

Anania pesynerartie ['TT nokasas: y LLypiB, Sk 6 TYRKHIB
nepebyBanu B yMoBax 0OMEKEHHS KUTTEBOMO NPOCTOPY,
TMN rMikeMiYHOI KpMBOI ByB AeLLo nogibHm Ao pesynbta-
TiB KOHTPOILHOT rPYNK, ane BUSIBUNMW NEBHi 0COBNMBOCTI.
3okpema, MAETLCS NPO BiATEPMIHOBAHICTL rinepriikemiy-
HOro Makcumymy (He 3 15 xB, gk y koHTpori, a 3 30 xB), i ik
KOHLIEHTpALLi r1HoKO3W B KPOBI NpU LiboMy 6yB AOCTOBIPHO
HWKYMM. EyrnikemiyHui piBeHb gocsarHyTo He ao 30 xB,
a 1o 90 xB Tecty (puc. 7). IMOBIpHO, Lii 3MiHK NOB'AA3aHi 3
BYXIZHVMY HU3LKVMI 3HA4EHHSMU KOHLIEHTPALLiY [MoKO3K
1 iHCYNiHY Yepes 3HWxeHy BiAnoBiAb B-KNiTWH Ha rnike-
MiuHi cTumymu (puc. 2). 3Baxaroun Ha Ui 0cobnmeocTi,
BBaXXAEMO, LLIO TMN FMiKeMIYHOT KPpUBOI MOXHA BU3HAYUT
K TiNOIHCYNIHEMIYHO-TINOMMIKEMIYHWIA i3 BUCOKOIO YyTnm-
BICTIO TK@HWH O rnoko3u. Lie nigTBepakeHo BiporigHum
3HWKEHHAM po3paxyHkosoro iHaekcy HOMA po 0,21
npotv 0,55 y KOHTPOMbBHIN rpyni TBAPYH.

3HayHy 3MiHy nicnanpaHgianbHOro 3aCBOEHHS ITto-
KO31 Y TBapUH CNPUYMHANO 15-TMxKHEBE OOMEXEHHS
npocTopy. Lle BusBnsanu 3a BigMiHHOCTAMM MiKEMIYHOT
kpuBoi nig yac [MT. Pesynsratu TecTy nokasanu, Lo Ha
TNi BULLIOTO PiBHS MTHOKO3M (BULLE Bifj 3HAYEHb KOHTPOHO
Ha 28 %) Ta HW3bKOI KOHLEHTpaLii iHCyniHy (MeHLwe 3a
KOHTpOIbHi Ha 54 %) hopmyBanacs rmikemiyHa Kpuea 3a
rinoiHCYNiHEMIYHUM TUMOM 3i 36ePEXEHO YYTNMBICTIO
TKaHWH [0 IMoko3u. HaBeaeHi aMiHv BU3Ha4anm 3a Makcu-
ManbHUMM KOHLEHTPaLisiMK rTHOKO3U Ha 15 XB TecTy, LWo
6yna HaBMLLIOK NPOTSArOM AOCTIIKEHHS Ta MOPIBHIOKYM
3 iHWMMK rpynamu. [IHamika 3HVKEHHS PIBHS TMHOKO3M
B nicnsiabcopbuiiHoMy nepiogi Ayxe noeinbHa, 6e3 no-
BEPHEHHS 40 NOYaTKOBUX 3HaveHb Ha 90 xB. IMOBIpHO,
Lie MOB’A3aHO 3 BUXIOHWM HWU3bKUM PIBHEM iHCYMiHY Ta
[00aTKOBUM rinepriikeMidytodnumM ehekToM KopTUKoCTe-
POHY, KOHLIEHTpaLlist IKOrO B LI Nnepio NepesuLLyBana
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MM/n
18

15 xB 30 xB 60 xB

—— KOHTpOIb
—— 6 TWXHIB
-==- 15 TMXHIB
ceee 21 TKOEHD

90 xB

Puc. 1. XapakTep rmikeMi4HUX KpUBHX Mif 4ac BHYTPILIHBOYEPEBMHHOIO TECTY TONEPaHTHOCTI 10

TTIHOKO3M B LLYPIB i3 restraint-cTpecom pisHoi TpuBanocTi.

300 %
250 % B 6 TWKHIB
200 % 15 TWXHIB
? B 21 TxaeHs
150 %
100 %
50 %
50 % o
28 % 17% .
N
50 % -28 % =27 %
-54 %
-100 %
Mnioko3a IHCyniH

277 %

19 %

8%

KoptukocTepoH

Puc. 2. [inHamika 3MiH KOHLIEHTPALIilA [toKo3u, iHCYMiHY Ta KOPTUKOCTEPOHY B LLypiB i3 restraint-cTpe-
CoMm piaHoi TpuBanocTi (6, 15121 TuxaeHb) NopiBHsHO 3 koHTponem (100 %). BiaMiHHOCTI nokasHuKiB
rpyn i3 CTPECoM pi3HOi TPMBANOCTI LOAO BiAMOBIAHWX NApPaMETPIB KOHTPOMBHOI rpynu BiporiAHi

(p,, <0,05).

3Ha4eHHs KOHTPOMIo B 2,77 pasa (puc. 2). MNigTBepmxeHo
30€pEKEHICTb YYTIIMBOCTI TKAHUH [0 MM0KO3W — 3@ JOCTO-
BiPHO HVK4MMU 3Ha4YeHHaMM iHaekcy HOMA (0,33 npotu
0,55 y KOHTPOMBHUX LLyPIB).

OBMEXEHHS KUTTEBOTO MPOCTOPY, MaNOPyXIMBICTb i
CKIaAHi KOMyHiKaLiiHi BIGHOCWHM y TBApUH NpoTsrom 21
TWXHS! NPU3BOAMNYM [0 POPMYBaHHS AiabeTnyHoro Tny
rnikemiyHoi KpuBOI. 118 HBOro XapakTepHe NOpyLUEHHS
PaHHbOI Ta Mi3HLOI (ha3 cekpeLii iHCyMiHY 3 PO3BUTKOM
iHCYniHope3uncTeHTHOCTI. po e CBiA4NIM BUCOKI PiBHI
rnikemii npotarom 15-30-45 xB nicns abcopuiiHoro
nepiogy 3 HU3bKUMM KOMMBaHHSMY 3HaueHb, 30epexeH-
HS rinepriikemii HanpukiHui Tecty (90 xB) Ta cyTTeBe
[OCTOBIpHE 30inbLUeHHS po3paxyHKoBoro iHaekcy HOMA
(30,55 y koHTponi fo 0,95 B rpyni ekcnepuMeHTanbHNX
TBapwH) (puc. 1).
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lnotesa npo Te, WO TpuBanuin GaraTopa3oBuin BB
CTpecopiB Npu3BOAWTL [0 HE3BOPOTHUX 3MiH Y BYyrne-
BOAHOMY OOMiHi, HabyBae HWHi akciomaTnyHoi dhopmu.
Tak, y KNiHIYHMX CMOCTEPEXEHHSX HACNiAKiB NOCTTpaB-
matuyHoro ctpecosoro po3nagy (MTCP) B nauieHTiB
BUSIBAMNM NiABWLLEHY MOLUMPEHICTb CepLEBO-CYAMHHNX
3aXBOpIOBaHb, LiyKPOBOro Aiabety 2 Tuny, apTepiansHoi
rinepTeHsii, a TakoX BULLi NMOKA3HWKK CMEPTHOCTI, WO
HUMK cnprynHena [8]. Y mocnimkeHHi BUNagoK-KOHTPOMb
y 160 monogmux 4onoB.ikiB-BeTepaHiB 30PONHNX Cun
ouiHoBanu, yu nepepbavae crartyc MNTCP niasuieHi
Mapkepw kapaiometaboniyHoro pusuky. MNopisHABLIK
NOKa3HWKY KapaioMeTaboniyHOro pusuky 3 napameTpamu
3[0pOBUX NtoAeit: peancTeHTHoCTi Ao iHcyniHy (HOMA-
IR), C-peakTnBHoro 6Ginka, iHTepnemnkiHy-6, daktopa
HEKPO3Y NyXNMHU-A, CUMMATWUYHOI MNepaKTMBHOCTI (3a
36iNbLUEHHAM YacToTh cepueBux ckopodeHb (YCC)) i
HENPOEHZOKPUHHOI Ancperynavii (3a nigBuLLEHHSM PiBHSA
KOpTW30ny), — BCTaHOBMNK, Lo AjarHo3 NTCP nos'a3aHun
3i 3Ha4HO BULLMM piBHeM HOMA-IR, YCC i koHueHTpaLieto
npo3anarnbH1X LUTOKiHIB [9].

EkcnepumeHTanbHi JOCMIMKEHHS BNNMBY CTPECOPIB
Ha piBeHb rnikeMii B LLypiB Nokasanu, Lo KOMMNMIEKC
HerapasgiB, 30kpema KOpOTKOTpUBana OLHOroAMHHA
iMMOGiniaaLlist 3 HAaCTYMHUM 15-XBUNMHHWM NPYMYCOBUM
nnaBaHHAM, SiKi NOBTOPIOBANUCS MPOTATOM 8 TUDKHIB,
NPV3BOAMIHM He TiNbKK 10 Be3nocepeaHbOro NiaBULLEHHS
PIBHS [THOKO3M Bifpasy nicns CTpecy, ane i cnoctepirany
TpvBany BiATEPMIHOBaHY rinepriikemito HaBiTb nicns
npynnHeHHs Bnnueis ctpecopis [10].

Y pocnifxeHHi BNnmBy 0O6MEeXeHHs XWUTTEBOro
NPOCTOpPY, ManopyxMBOCTI Ta CKMagHUX KOMYHiKaLin-
HWUX BiOHOCWH, LLO 34iNCHUIN, BCTAHOBUMM AMHAMIYHI
3MiHM piBHS riKeMii HaTLLe Ta KIYOBMX FOPMOHIB, SKi
Ge3nocepeaHbo 3abe3nevytoThb ii cTanictb. Bpaxosyto-
YN HU3bKY IHTEHCUBHICTb, HEBMPA3HICTb i MPUXOBAHWIA
BMIMB KOMMIEKCY Herapasais, criocTepirany nocTynose
HaKoOMUYeHHs MeTaboniYyHMX 3MiH. 3asHa4ymMmo, Lo
TpMBanWin CTPEC HU3bKOI IHTEHCWMBHOCTI, SIKWIA HE MOXe
OyT1 nogonaHui, NOCTINHA IHAYKUiS [OAATKOBUX Migno-
pOroBKX CTPECOPIB NOPYLLYOTL AMHAMIKY (POPMYBaHHS
aJanTaTMBHMX PeakLin i CNpUYnHAOTL Ae3aganTaTuBHi
3MiHu. [onepeaHi gocnimxeHHs BNVBY ONUCaHoi MoAeni
roKasanu KOMMBaHHS Macu Tina wypis, OpMyBaHHs
NopYyLUEHb FOPMOHANLHOrO NPOInto 1 BYrNeBOAHOTO
06MiHy, CTIi/KOro MiABULLEHHS apTepianbHoro Tucky [11].

Y HalwwoMmy JOCRiMKEHHI LikaBUMy BUSBUIUCS 3MiHU
iHoexkcis iHcyniHopeancTeHTHOCTi (HOMA-IR) Ta cTpeco-
BOi apanTauji/ aesapanTauii (iHCyniH/KOPTUKOCTEPOHOBMI
iHaekc). PospaxyHku y TBapwH i3 rpyn 6- i 15-TvkHeBoro
restraint-CTpecy nokasanu HKYi 3HaYEHHS!, HK Y KOH-
TPOni Yepes rinoiHCyniHEMil0 Ta BUCOKUN piBeHb KOPTU-
kocTepoHy. Lle cBigunTb npo 36epexeHicTb YyTnmMBoCTi
TKaHWH 00 iHCYNiHY Ha TMi ICTOTHUX FOPMOHAIbHUX 3MiH.
Tpusanwii restraint-ctpec npotarom 21 TUXHSA NPU3BOANB
[0 36inbleHHs iHaekciB, ocobnueo HOMA-IR (B 1,7
pasa). Lle ctano, xod i Henpamum, ane 6e33anepeqHnm
apPryMeHTOM COPMOBAHOI iHCYMIHOPE3UCTEHTHOCTI, a
iHCYIiH/KOPTUKOCTEPOHOBUI iHAEKC NPU LibOMY iCTOTHO
MiABWLLMBCS MOPIBHAHO 3 NonepeaHiM1 TEpMiHaMM ekc-
nepuMeHTy (NepeBuLLMB KOHTPOMb GinbLu Hix Ha 33 %).
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HuHi MOoXHa CTBepKyBaTH, LLIO peaniavis cTpec-pe-
aKuii Ta MexaHiamMiB aganTauii LinkoM 3anexatb Bia
anoctasucy rnoko3n. TobTo anocras — npouec Jocsr-
HEHHSs aganTaLlii opraHiamy A0 3MiHeHNX yMOB XuTTS. Lle
MOB'S13aHO 3 TUM, L0 OpraHiaM 3MiHIETLCS Y BiANOBIAb
Ha BVKIA FOPMOHIB CTpecy, 1 Lii 3MiHV JonomaratoTb oMy
HE NLLEe NOAOMaTN CTPECOBY CUTYALLiKD, ane 1 akTUYHO
BiZHOBWTU romMeocTas. HagxomkeHHst 4o kpoBoobiry Bu-
COKOI KiNbKOCTi eHepreTnyHnx cybcTpaTis peaniayeTtbes
LUMISIXOM NPOBIAHOI PONi EHAOKPUHHOI CUCTEMM: CeKpeLii
B KPOB aApeHaniHy HagHWPHUKOBMUMI 3ano3amu, CTUMY-
nAUier0 cekpeLii rMioKOKOPTUKOIAIB (KOPTU30MY, KOPTHU-
KOCTEPOHY), KM i HANMEXWTb NPOBIAHA POSb Y MEXaHi3Mi
po3BuTKy cTpecy. CekpeLisi FOPMOHIB HagHUPKOBUMU
3a5103aMu 3a3BrYaii Mae aganTUBHWIA ePEKT Npy KOPOT-
KOCTPOKOBIW Aji. BTim, npu TpuBanomy abo noBTopHOMY
CTPEeCi BOHW MOXYTb BUKMMKATK NATONOMYHI 3MiHW B Op-
raHiami. MoLwKomKyBanbHWiA eeKT MMIOKOKOPTUKOIAIB 3a
LIMX YMOB BU3HAYEHO SIK «anocTaTU4HE HaBaHTaXEHHS»,
LU0 CTA€E OOHWM 3 OCHOBHUX MaTOreHETUYHUX NaHLoriB
¢hopmyBaHHs MeTabonivHKx NopyLueHb. [py NoCUneHHi
TSKKOCTi Ta 3 YaCOM anocTaTuyHe HaBaHTaxeHHs 30inb-
LUEHUM piBHEM rnikemii Yepes rineprnikemidyBarnbHi epek-
TV KOPTWMKOCTEpOiaiB HabyBae NaToNOriYHMX HaCMiaKiB i
¢hopmye iHCyniHOpesiCTEHTHICTb [12].

TpuBane nepebyBaHHS B CTPECOBUX CUTyaLisX
NpW3BOAMTL OO0 MNOPYLIEHHS (PYHKLUIN Pi3HWUX OpraHiB i
cucTem, kymynsuii disionoriyHux 3miH. Lie 3ymoBnioe
3CYB FOMEOCTaTUYHMX KOHCTaHT, TOBTO (hopmMytoThbCs
HOBI iHOMBIgYyarnbHi MeXi, «HOBa BUXiQHa TOYKa» TOro
YM iHWOro napameTpa. Y BigdaneHin nepcnekTusi nopy-
LUYETLCA (PYHKLIOHYBAHHSA OPraHiB i CUCTEM, L0 TaKOX
CNPUYMHSAE 3MIHW iHOMBIAYaNbHOI «HOPMWY, @ OTXe
POPMYIOTLCS «HOBI BUXIAHI TOYKN BEPXHBOT Ta HUKHBOT
MEX» TUX UM IHLIMX NapaMeTpiB, SKi 3aKpINMOKTLCS Ha
romMeocTaTyHoMy piBHi. Came Bif LIMX KHOBUX» 3HAY€EHb
iHOMBIOYyanbHOI «HOpPMW» Hapani BinbyBaeTbCsA romeo-
CTaTW4He peryroBaHHs TePMIHOBUX peakLiin aganTauii,
6e33anepeyHo, BHACMIOOK MiABULLEHHS idionoriyHol
«UiHW», «BapTOCTi» LUMX peakuii Ans opraHiamy [12]. B
HaLLOMy JOCMimKEHI HACMigKW Takoro 3cyBy romeocTa-
TUYHUX MEX Yepes arnocTaTuiHe HaBaHTaKEHHS BUSBUMA
K CyTTEBi MeTaboniuHi NOPYLUEHHS: 3MiHN XapakTepy
rMiKeMiYHOI peakuii Ha rMKO3HE HaBaHTAXEHHS, WO
MPOrPECYHOTh, 3HWKEHHS Yy TNMBOCTI TKAHWH [0 iHCYMiHY
Ta HeeheKTUBHY V10ro NpaHAiarnbHy CekpeLiiio, NinBuLLeHy
rinepraikemizyBanbHy Ait0 KOHTPIHCYNSAPHWUX FOPMOHIB
(KOpTUKOCTEPOHY), ANCHYHKLIOHANbHI NPOsIBM NpaHgi-
anbHoi Ta nicnanpaHaiansHoi rmikemii.

BucHoOBKHM

1. OBMeXeHHs XUTTEBOTO MPOCTOPY, Manopyx-
NUBICTb | CKNafHi KOMYHiKaLiiHi BIZHOCUHK Y TBapWH
MocTynoBo hOPMYOTb KOMMIEKC MOPYLUEHD, LU0 3MiHIO-
0Tb XapakTep MMiKeMiYHOI peakLii Ha rMoKO3HE HaBaH-
TaXeHHs, MopyLUYIOTb NpaHAianbHy CeKkpeLio iHCymiHy,
MNiABULLYIOTH rinepriikemisyBanbHy Ait0 KOHTPIHCYNSAPHUX
FOPMOHIB (KOPTUKOCTEPOHY) Ta peaniaytoTb AnceyHKLio-
HarnbHi NPOSBM NpaHAianbHoi/nicnanpaHaiansHoi rikemii.

2. TinoiHcyniHeMiYHO-TINOrMIKEMIYHWA TUN TRiKemiy-
HOI KPMBOI 3 BMUCOKOK YYTIMBICTIO TKaHWH OO [MOKO3M
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thopmyeTbCs Ha 6 TvkHI 0BMexeHb i Herapasais; rinoiH-
CyniHeMiYHy KpuBy 3i 30EPEXEHOI YYTIMBICTIO TKAHWH
[0 TNoKo3n opepxanu Ha 15 TuxHi; giabetnyHuin Tmn
rnikeMiYHOI KpMBOI i3 NOPYLLIEHSIM YyTIUBOCTI TKaHUH O
FTII0KO3W Ta PO3BUTKOM iHCYMIHOPE3NCTEHTHOCTI BU3Ha-
Yunm Ha 21 TWKHI.
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Nestin, CD44, Ki-67, GS and AQP4 expression in the brain neurogenic
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The aim of the study. Immunohistochemical study of Nestin, CD44, Ki-67, GS, AQP4 expression in the subventricular zone
of the lateral ventricle and hippocampus of deceased patients with liver cirrhosis depending on the age and Child—Pugh score.

Materials and methods. The brains of 90 deceased patients aged 65 + 3 years with non-alcoholic liver cirrhosis (LC) Child—Pugh
class A, B and C were studied, which comprised 3 groups: group “A” — 30 deceased patients with compensated LC; “B” — 30
deceased patients with subcompensated LC (“mild decompensation”); “C” — 30 deceased patients with decompensated LC.
Control group included brains of 30 patients died from acute cardiovascular failure and did not have liver disease. Each group
was divided into 2 subgroups: patients <59 y. 0. and patients 260 y. 0. Grade 1—4 hepatic encephalopathy was detected in 59
out of 90 (65.55 %) patients with LC. The immunohistochemical levels of Nestin, CD44, Ki-67, GS and AQP4 were evaluated
in paraffin tissue sections of the subventricular zones (SVZ) of the anterior and lower horns of the brain lateral ventricles, as
well as the subgranular zone (SGZ) of the dentate gyrus (DG) and other structures of hippocampus in standardized fields of
view of the microscope Scope A1 Carl Zeiss (Germany) using Videotest-Morphology 5.2.0.158 software.

Results. In SVZ of control subgroups, Nestin+ astrocyte-like stem cells were localized mainly in subventricular glial nodules
(SGN) and to a lesser extent in astrocytic ribbon. In brains of patients with compensated and subcompensated LC, there
was increased Nestin expression compared to control (by 61.36 % and 208.74 %, respectively) due to increased numbers
of Nestin+ cells in astrocytic ribbons. In the hippocampus of control and cirrhotic patients, Nestin expression was determined
mainly in astrocyte-like cells of the fimbria-fornix, “glial plates” around the blood vessels entering the choroid plexus and subpial
zone. In the SVZ of patients with subcompensated LC, the expressions of Nestin, CD44, and Ki-67 were maximally increased
(by 208.74 %, 37.83 %, and 3 times, respectively), moreover, in the areas of periventricular reparative astrogliosis, in small
foci of encephalolysis in the head of caudate nucleus, among GS+ and CD44+ astrocytes clusters of astrocyte-like Nestin+
and CD44+ cells were detected. In patients with decompensated LC, a significant decrease in Nestin and CD44 expression
and absence of Ki-67 were observed in the SVZ, with a simultaneous maximum increase in the expression of GS and AQP4.

Conclusions. In the neurogenic niches of the lateral ventricles and hippocampus of patients with compensated and subcom-
pensated LC, there are signs of activation of neural stem cells and niche astrocytes with increased expression of Nestin, CD44,
and Ki-67, which reaches maximum in subcompensated LC. Clusters of astrocyte-like Nestin+ and CD44+ cells appear in foci
of periventricular repair, which probably migrate from active adjacent subventricular niche. In the brains of the patients with
decompensated LC and severe Grade 3—4 hepatic encephalopathy, deep astrocytic dysmetabolic dystrophy is associated
with substantial decrease in the activity of subventricular stem niche and expected astrocytogenesis.

Xapakrepuctuka excnpecii Nestin, CD44, Ki-67, GS i AQP4 y ctoB6ypoB1X HEHPOTreHHUX
Hillax roAOBHOI0 MO3KY NOMEPAUX XBOPUX Ha LIUPO3 NEUiHKKU Pi3HUX CTYMEHIB TAXKOCTI

T. B. WyaaTHikoBa, B. 0. TymaHcbKkui

MeTa po6oTu — imyHoricToximiuHe pocnimkeHHs ekcnpecii Nestin, CD44, Ki-67, GS, AQP4 y cyBBeHTPUKyNSPHIil 30Hi Giu-
HOTO LUNYHOYKA Ta Finokamni MOMEPSIMX XBOPKX Ha LiMPO3 NeYiHKA Pi3HUX BIKOBUX YN 3anexHO Bif CTagii 3aXBOPHOBaHHS 3a
Yanna-ITo.

Matepianu Ta metoaum. [Jocnigmnu ronosHui Mook (M) 90 nomepnmx (Bik — 65 + 3 poku) XBOPWX Ha HEANKOrONbHWIA LIMPO3
nediHku (L) knacy A, B i C 3a Yanng—ITio. CcopmyBanm 3 rpynu crnoctepexeHs: rpyna «A» — 30 noMmepnnx XBopux Ha kom-
neHcoaHwuii LiM; «B» — 30 nomepninx xBopux Ha cybkomneHcoBanuii LiM; «Cx» — 30 nomeprninx XBopux Ha EKOMMEHCOBaHNIA
L. Y rpyni koHTponto — MM 30 nomepnvx Big rocTpoi cepLeBO-CyANHHOI HEAOCTATHOCTI, SKi HE Manm 3axXBOptoBaHb NEYiHKU.
KoxxHy rpyny noginunu Ha 2 nigrpynu 3a Bikom: <59 pokis i = 60 pokis. Y 59 i3 90 (65,55 %) xBopux Ha LI Bu3Haumnm cumnto-
MaTuKy neviHkoBoi eHuedanonartii IV cTyneHiB. Y napadiHOBuX 3pidax TKaHUHU CYyOBEHTPUKYNSPHWX 30H (SVZ) nepeaHboro
Ta HUKHBOTO PoriB GiYHNX LnyHoukiB M, a Takox cybrpaHynspHoi 3oHu (SGZ) sybuacToi 3BuBuHYM (DG) Ta iHLLMX CTPYKTYP
rinokamna B13Ha4mnu piseHb imyHorictoximiyHoi ekcnpecii Nestin, CD44, Ki-67, GS i AQP4 y ctaHAapT130BaHNX Nonsx 30py
mikpockona Scope A1 Carl Zeiss (Germany) 3 nporpamoto Bigeotect-Mopdonorist 5.2.0.158.

Pesynkratun. Y SVZ 'M koHTponbHux nigrpyn Nestint actpoumtonogibHi ctoBOypoBi KniTWHK nokanisysanucst 3aebinbLuoro
B CyOBEHTPUKYNAPHMX rnianbHux Byanukax (SGN), MeHLLe — B acTpouuTapHux cTpidkax. Y MM XBopux Ha KOMMNEHCOBaHMIA
i cybkomneHcoBaHuii LM BctaHoBunm nigeuLeHy excnpecito Nestin wogo koHTponto (Ha 61,36 % i 208,74 % BignosigHo)
BHACMIAOK NiaBMLLEHHS KinbkocTi Nestin+ kniTuH B acTpoumMTapHWX CTpidkax. Y rinokamni KOHTPOMbHWX NALEHTIB | XBOPWX Ha
LiIM ekcnpecito Nestin Bu3Havanu nepegyciMm B acTpoLMTONOAIOHNX KNiTMHAX GaXpOMKW-CKNENIHHS, «rnianbHMUX NNacTUHOK»
OCHOBW CyAMH XOPIOigHOrO CrNeTeHHs Ta cybnianbHoi 30HW. Y SVZ 'M xBopux Ha cybkomneHcoBaHuii LM ekcnipecis Nestin,
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CD44 i Ki-67 makcumanbHo nigsuilysanacs (Ha 208,74 %, 37,83 % i BTpudi BignoBiaHo), a B AiNsHKax NnepuBEHTPUKYNSPHOro
penapaTvBHOrO acTporniody B APiOHMX BOTHULLAX eHuedanoniaucy ronisku xsocrartoro sapa cepen GS+ i CD44+ actpo-
LMTIB BU3HAUMIM CKynyeHHs actpouuTonogibHmx Nestint i CD44+ knituH. Y XBopux Ha gekomneHcoBanui LMy SVZ '™
crnocTepiranu 3HavHe 3HWxeHHs ekcnpecii Nestin i CD44, BigcyTHicTb ekcnpecii Ki-67 npu ogHo4acHOMY MakcumMarnbHoMy

nigBuLLeHHi ekcnpecii GS i AQP4.

BuCHOBKW. Y XBOpWX Ha KOMMEHCOBaHWiA i cybkomneHcoBaHuii LM y HeporeHHUX Hilwax Gi4HMX LUNYHOYKIB i rinokamna
BUSIBUNW O3HaKV akTuBaLii HerMpanbHUX CTOBOYPOBYMX KNITWH i HILLEBUX acTpoLmTIB 3 niasuLieHHsM ekcnipecii Nestin, CD44 i
Ki-67, Lo gocsrae MakcumansHWX 3HaueHb npy cybkomnencauii L. Y BorHuLLax nepuBeHTpUKYNSIpHOT penapaLii 3’ aBnsoTbes
CcKyn4eHHs acTpouuTonogioHux Nestint i CD44+ kniTuH, Lo, MMOBIPHO, MIrpytoTb 3 aKTUBHUX CYOBEHTPUKYNSPHMX Hil. Y TM
XBOpUX Ha aekomMneHcoBaHui LM i Tsoxky Grade3—4 neviHkoBy eHuedanonarito Ha hoHi rmubokoi acTpoumuTapHoi AncmeTa-
6oniyHoi ancTpodii 3adikcyBanu BUpasHe 3HKEHHS aKTUBHOCTi CyOBEHTPUKYNSPHUX CTOBOYPOBMX Hilll i aCTPOLIMTOrEHESY.

Hepatotoxic brain damage in liver cirrhosis (LC) is
characterized by a progressive amplification of astrocyte
deficiency with the development of astroasthenia, and
subsequently decompensated edema and death of these
cells [1]. High concentrations of plasma and intracerebral
ammonia, along with other neurotoxins, disrupt the as-
troglia functionality leading to dysfunction and damage
of neurons, that clinically manifest as hepatic encepha-
lopathy [2]. Persistent brain edema of varying degree
and accompanied microcirculation disorders leads to
ischemic damage and mosaic-to-focal neuronal death in
the cerebral cortex, thalamus, striatum, cerebellum and
hippocampus. Furthermore, episodes of coma in cirrhotic
patients associated with laminar necrosis in deep layers
of the cerebral cortex. The loss of a significant number of
astrocytes and neurons creates a need for neurogenesis
to restore the lost of cellular elements of a single neuro-
gliovascular unit.

Neurogenesis in the adult human brain is still one of
the most debated issues. In a broad sense, neurogenesis
is the generation of brain cells from neural stem cells
(NSCs) which mostly localized in the so called canonical
neurogenic niches: the subventricular zone (SVZ) of the
lateral ventricles and the subgranular zone (SGZ) of the
hippocampal dentate gyrus (DG) [3]. It is believed that
multipotent NSCs are astrocytic in nature; in the course
of proliferation and differentiation, they are able to give
rise to new generations of neurons, astrocytes, and oligo-
dendrocytes [3]. In contrast to rodents, the main human
neurogenic niche, which retains weakly proliferating stem
cells throughout life, is the SVZ of the lateral ventricles,
and to a lesser extent, the SGZ DG [4].

Quifiones-Hinojosa A. group described cytoarchitec-
ture and ultrastructure of four SVZ layers in lateral walls all
horns of human lateral ventricles [5]: | — ependymal cells
monolayer; Il — hypocellular gap (distinguishing feature of
the human SVZ from rodents and non-human primates);
Il layer — astrocytic ribbon (GFAP+ astrocytes); IV layer
— transitional zone, passing into the underlying nervous
tissue. Authors demonstrated that some astrocytes and
single GFAP+ cells of hypocellular gap retained signs of
PCNA+ and Ki-67+ proliferative activity. Moreover, it is ex-
pected the existence of alternative neurogenic niches and
reparative cellular transformations in neurodegenerative
diseases, epilepsy, and cerebrovascular disease [6,7,8].

Among the most commonly used markers to identify
human NSCs are Nestin, EGFR, NGFR, Sox2, GFAPa/3,
and Musashi-1. Proliferating NSCs express GFAP, Ki-67,
and PCNA,; the resulting progenitor cells retain the ex-
pression of Nestin, Ki-67, PCNA and reduced expression
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of GFAP additionally expressing transcription factors
(Mash1). Cells of specific differentiation emerging from
multipotent cells express proteins specific for astrocytes,
oligodendrocytes, and neurons during migration and
maturation. To identify maturing and mature astrocytes,
commonly used markers are CD44, GFAP / GS, AQP4 [9].

Activation of adult human neurogenesis was shown
in a limited list of brain pathologies including brain infarc-
tion [10], traumatic brain injury [11], Huntington disease
[12], Alzheimer’s disease [13]. To our knowledge, there
are no studies on adult human neurogenesis, including
astrocytogenesis, under conditions of chronic hepatogenic
intoxication, as well as data on how the immunocytoche-
mical profile and proliferative activity of neurogenic niche
cells change during their differentiation in the brain of
cirrhotic patients. Analysis of astrocytogenesis in patients
with hepatogenic neurotoxicity opens new perspectives
for potential therapies aimed at restoration of astrocytes,
the primary targets of this pathology.

Aim
Immunohistochemical study of Nestin, CD44, Ki-67, GS,
AQP4 expression in the subventricular zone of the lateral

ventricle and hippocampus of deceased patients with liver
cirrhosis depending on the age and Child—Pugh score.

Materials and methods

The study was performed on the brain of 90 deceased
patients aged 46 to 83 y. 0. (mean age 65+ 3 y. 0.) who
suffered from non-alcoholic cirrhosis of classes A, B and
C according to the Child-Pugh scoring [14], which com-
prised 3 groups: group “A” (n = 30, compensated LC),
group “B” (n = 30, subcompensated or “mild decompen-
sation” LC) and group “C” (n = 30, decompensated LC).
Each group was divided into 2 age subgroups: patients
<59y. 0. (46-57y. 0.) [*x1"] and patients 260 y. 0. (61-83
y. 0.), ['x2"] = groups “A1” (n = 23), “A2" (n = 7), “B1”
(n=19),“B2" (n=11),“C1" (n =9), “C2" (n = 21). Cases
of endocrine pathology, cancerous and alcoholic nature
of liver pathology were excluded from the study. In the
control group (“Cntr”), the brain of 30 patients aged 40 to
81y. 0. who died from acute cardiovascular insufficiency
(mean age 59.0 + 2.5 y. 0.), who did not suffer from liver
pathology and other toxic-metabolic diseases, was stud-
ied. By age, the group was also divided into 2 subgroups:
“Cntr 17 (n =12), “Cntr 2" (n = 18).

In 59 of 90 (65.55 %) cirrhotic patients, symptoms of
HE Grade 1-4 were clinically diagnosed. In group “A”,
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8 (26.66 %) patients had symptoms of HE Grade 1, in
group “B”, 21 (70.00 %) patients had HE Grade 1 and
2, in group “C”, HE Grade 2-3 occurred in 23 (76.66 %)
patients, and Grade 4 HE (hepatic coma) before death
was registered in 7 (23.33 %) patients.

During autopsies which were performed 6-20 h. after
death, samples of the liver (to verify LC), subventricular
zone of the lateral wall of the brain lateral ventricle anterior
horn with the adjacent tissue of the caudate nucleus head
as well as the hippocampus were collected. The choice
of these brain regions was argued by evidence for their
neurogenic potential in the adult human brain [3]. The
autopsy material was fixed in 10 % buffered formalin with
further embedding in paraffin blocs. Serially slides of 4
um thickness prepared on a precision rotary microtome
HM 3600 (‘MICROM Laborgerate GmbH”, Germany),
after deparaffination were treated with hematoxylin and
eosin for general assessment of microscopic changes.
Forimmunohistochemical (IHC) detection of NSCs, Nes-
tin was chosen as a marker most specifically detecting
these cells and most often used by other authors in NSCs
studies [15]. For assessing cell population with astrocytic
phenotype, more astrocyte-restricted markers were used:
involved in glutamate and glutamine metabolism (glu-
tamine synthetase, GS); water channels (aquaporin-4,
AQP4); hyaluronan receptor (CD44). Ki-67 was chosen
to detect proliferating cells.

IGH studies were performed according to the stan-
dard protocol of the antibody manufacturer using pri-
mary antibodies: mouse anti-human Nestin monoclonal
antibody (Clone 10C2, ready-to-use MAD-000719QD-3,
Master Diagnostica S. L., Vitro, Spain), rabbit polyclonal
anti-CD44 (PA5-21419, Thermo Scientific, USA), rabbit
polyclonal anti-GS (Thermo Scientific Inc., USA), rabbit
polyclonal anti-AQP4 (Thermo Scientific Inc., USA), Ki-
67 recombinant rabbit monoclonal antibody (Clone SP6,
Thermo Scientific Inc., USA) and the Ultra VisionQuanto
Detection imaging system with diaminobenzidine (Thermo
Scientific Inc., USA).

For statistical analysis, IHC levels of Nestin, CD44,
Ki-67, GS, AQP4 were determined in the hippocampal
DG and SVZ of both anterior and inferior horns of the
lateral ventricles (SVZs). When studying expression of
Nestin, CD44, GS, AQP4 in the SVZs of both locations
and hippocampal DG, 10 random, standardized fields
of view (SFV) of the microscope Scope A1 “Carl Zeiss”
(Germany) with Jenoptik Progres Gryphax 60N-C1'
'1.0x426114 (Germany) camera were studied at mag-
nification of x200 using Videotest-Morphology 5.2.0.158
(VideoTest) software. Nestin, CD44, GS, AQP4 levels
were expressed as a percentage of the relative area
(Srel., %) that occupies immunopositive material to
the total area of SFV. Ki-67 level in DG and SVZs was
evaluated in 20 SFV of each of two regions, covering
adjacent neural tissue at least 600 ym below the astro-
cytic ribbon (for the SVZs) at mag.x200, and expressed
as the mean number of immunopositive cells per 1 mm?
tissue section area in each autopsy case.

Data analyzed using the Statistica® packa-
ge for Windows 13.0 (StatSoft Inc., License No.
JPZ8041382130ARCN10-J). Results were expressed as
median (Me) with range (Q1; Q3). The Mann-Whitney U
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test was used to compare two groups, and the Kruskal—
Wallis test was used to compare more than two groups.
The results were considered statistically significant at the
level of 95 % (p < 0.05).

Results

IHC patterns of neurogenesis and astrocytogenesis mark-
ers (Nestin, CD44, Ki-67, GS i AQP4) in SVZ of anterior
and inferior lateral ventricular horns and hippocampal
DG revealed heterogeneity of immunohistochemical
cytoarchitecture of these zones.

Nestin expression. In patients of all studied groups,
in DG and SVZs was revealed territorial heterogeneity
in distribution of Nestin-expressing cells (NECs) due to
different abundance of NSCs, as well as different density
and trajectory of the local vasculature.

In SVZs and hippocampal DG of control group cyto-
plasmic Nestin expression was found in the endothelium
of all vessels, including well developed subventricular
vasculature. In SVZs, extravascular accumulations of
Nestin+ cells (Fig. 1) was detected mainly in the so-called
subventricular glial nodules (SGNs) — cellular clusters of
subependymal layer protruding into the ventricular lumen
and often without ependymal coverage. In astrocytic
ribbon, cytoplasmic Nestin expression was defined in the
bodies and short, thin processes of moderate number of
slightly elongated NSCs-astrocyte-like cells, localized
around vessels and oriented parallel to ependymal layer
(Fig. 2). Outside the DG zone of the hippocampus, NECs
of multipolar slightly elongated morphology were found,
similar to those in SVZ of both horns. The highest preva-
lence of these NECs was determined in the hippocampall
fimbria-fornix including locations near the thin septum
separating the subarachnoid space of the choroid fissure
of the cistern ambiens and the cavity of the lower horn
of the lateral ventricle; “glial plates” around the base of
the choroid plexus (CP) vessels. From there, the flow of
NECs was divided into two branches: 1) subpially and up
to the subiculum; 2) to a lesser extent — along the entire
SVZ with an extension in the form of a weakly positive
periventricular white matter around the tail of the inferior
ventricular horn. This feature of Nestin expression in the
hippocampus outside DG was equally characteristic of
both age subgroups.

Between two age control “Cntr1”/“Cntr2” subgroups,
differences in Nestin expression by DG and SVZ cells
was not detected.

In compensated cirrhotic patients of age subgroups
“A1” and “A2”, Nestin levels in DG did not differ from DG
values in control “Cntr1” and “Cntr2” subgroups, however,
in the SVZs, Nestin was significantly increased compared
to control “Cntr1” and “Cntr2” (by 48.95 % and 73.78 %,
respectively) by increasing the amount of NECs in the
astrocyte ribbon. When comparing age subgroups “A1”
and “A2” in both SVZ and DG, Nestin levels did not show
differences (p > 0.05) (Table 7).

In subcompensated LC age subgroups “B1” and
“B2”, the level of Nestin in DG exceeded by 79.02 %
and 68.91 % similar parameters of control “Cntr1” and
“Cntr2”; and in SVZs, Nestin was higher by 257.10 %
and 160.39 % (respectively) of the similar parameters of
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Table 1. Nestin, CD44, GS, AQP4 levels in the DG and SVZs of cirrhotic patients and control group expressed as Srel. (%) and numbers/mm? for Ki-67

rowp'a’  Jorowp'e®  |oowre  [commlgroup

Parameter
<59y.o. 260 y. 0. s59y.o.
(“A1”) (“A2) (“B17)
Dentate gyrus of hippocampus
Nestin 4.13 4.05 7.34
(3.56; 4.26) (3.34; 4.58) (6.47; 8.39)**
CD44 11.48 15.76 17.39
(10.18; 12.49) (13.77,16.95)¢  (16.78; 18.15)*
Ki-67 No No 2.00
(1.00; 3.00)*f8
GS 3.48 3.79 6.26
(3.21; 5.37)* (3.14; 5.58)* (5.95; 7.48)*
AQP4 7.38 8.47 12.16
(7.12; 8.39) (7.95; 9.76) (11.39; 14.53)*
Subventricular zones of lateral ventricle
Nestin 6.39 6.10 15.32
(5.84;6.81)* (5.83;7.65) * (7.15; 11.32)**
CD44 16.08 18.96 19.45
(15.72; 16.58)*  (18.45;19.28) *¢  (18.36; 21.79)**
Ki-67 2.00 No 6.00
(1.00; 4.00) (5.00; 7.00)*f8
GS 6.56 7.29 8.73
(5.11; 7.27) (7.03; 8.04)* (7.92; 9.16)*
AQP4 12.36 14.43 16.64

(11.46; 1558)*  (13.67; 15.23)"

(16.15; 17.59)**

260y. 0. <59y.o0. 260y. 0. <59y. 0.
(“B2”) (“c1”) (“C2") (“Cntr1”)
5.27 5.45 3.17 4.10

(4.83; 6.65)* (4.14; 5.53) (2.75; 4.62)" (3.49; 4.94)
22.47 11.96 14.58 11.26

(19.35; 25.32)**%  (10.88; 13.47)"  (14.19;16.63)"8  (10.53; 12.24)
No No No No

6.67 8.23 8.84 2.25

(5.83; 7.97)* (7.93; 8.75)*# (8.14; 9.11)*# (1.45; 2.72)
14.34 15.36 16.23 4.58

(13.48; 15.83)**  (14.15; 16.65)**  (14.37; 18.14)*  (3.29; 6.92)
9.14 5.45 4.47 429
(8.26; 10.31)  (4.23; 6.28)" (3.92; 6.12)t (3.54; 5.72)
24.26 16.59 19.12 14.37
(22.84;27.58)**  (15.88; 17.63)*"  (18.89; 19.63)*1S  (13.48; 15.14)
No No No 2.00

(1.00; 3.00)
9.34 10.12 7.16 3.47
(8.43;9.97) * (9.33;10.68)"  (6.84; 7.43)*S (2.79; 4.93)
17.52 18.38 20.27 5.34

(16.29; 18.76) *  (17.29;19.14)*  (18.34; 22.63)*  (4.28; 9.54)

260 y. o.
(“Cntr2”)

3.12
(2.45; 4.28)

14.37

(13.34; 15.28)

No

2.36
(1.23; 2.84)

414
(3.45; 6.74)

351
(3.18;5.11)

17.29

(17.04; 18.15)

No

474
(3.54; 6.72)

7.30
(5.72; 10.63)

*: significant difference compared to control (p < 0.05); #: significant difference compared to group “A” (p < 0.05); 1: significant difference compared to group “B” (p < 0.05).

These comparisons were made between indicators of the same age group and within the same brain region. §: significant difference between age groups within the same

LC class (p < 0.05). All data are presented as a median with the lower and upper quartiles.

“Cntr1” and “Cntr2”. At the same time, Nestin level in DG
and SVZs of subcompensated subgroups “B1” and “B2”
was higher than levels in compensated subgroups “A1”
and “A2” (p < 0.05) (Table 1).

When comparing age subgroups “B1” and “B2” of sub-
compensated LC, the difference in Nestin level occurred
only in SVZs, where in older “B2” subgroup indicators
were significantly lower by 167.61 % (p < 0.05) than in
younger “B1” subgroup (Table 7). Increased Nestin level
in DG is explained by the appearance of immunopositive
reactive astrocytes in the molecular layer, while in SVZs
— by increased numbers of Nestin+ slightly elongated
astrocyte-like cells in the astrocyte ribbon outside SGNs,
as in compensated LC. In the head of the caudate nu-
cleus adjacent to SVZ in patients with subcompensated
LC of both age subgroups, Nestin expression was also
determined in the cytoplasm and short processes of as-
trocyte-like cells, as well as in the bodies and elongated
thin processes of reactive astrocytes, localized in areas
of astrogliosis, which sometimes encountered around
small encephalolysis foci (Fig. 3). In other parts of the
hippocampus, elevated Nestin level was due to an in-
creased number of NECs and Nestin+ processes in the
fimbria-fornix, “glial plates” around the base of CP vessels
(Fig. 4), and subpial zone.

In patients with decompensated LC age subgroups
“C1” and “C2", Nestin level was lower than in patients
with subcompensated LC subgroups “B1” and “B2”: in
DG - lower by 34.67 % and 66.24 % respectively; in SVZs
— lower by 181.10 % and 104.47 % (p < 0.05) (Table 1).
At the same time, Nestin expression in DG and SVZs did
not differ from the indices of “A1” and “A2” subgroups
of compensated LC and control subgroups “Cntr1” and
“Cntr2” (p > 0.05) (Table 1). In the SVZs of subgroups
“C1” and “C2”, areas of perivascular rarefaction of the
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subependymal tissue were often observed, as well as
more often determined foci of encephalolysis adjacent to
the SVZ, however, the latter were surrounded by reactive
astrocytes with reduced or lost Nestin expression. In the
hippocampus outside the DG, Nestin expression was pro-
portionally reduced in all previously described structures
and retained relatively pronounced only in the elongated
multipolar NECs of “glial plates” around the bases of the
CP vessels. Nestin levels in DG and SVZs in subgroups
“C1” and “C2” did not show significant differences (p >
0.05) (Table 1).

CD44 expression. In DG and SVZs in control sub-
groups “Cntr1” and “Cntr2”, CD44 expression was deter-
mined in the cell membranes of fibrous-like astrocytes
and their long, straight perpendicularly directed processes
with small varicosities. In SVZ of anterior horn, CD44+
processes localized directly under ependymal monolayer
and spread up to the top layers of underlying caudate
nucleus head. In DG, CD44+ astrocytes determined
predominantly in SGZ and hilus. Outside DG, weak to
moderate CD44 expression was detected in astrocytes
of alveus, stratum lacunosum, fimbria-fornix and in in-
terlaminar astrocytes of the subpial zone. CD44 levels
in DG and SVZs of older subgroup “Cntr2” exceeded by
27.61 % and 20.32 % (respectively) indicators of younger
subgroup “Cntr1” (Table 1).

In patients with compensated LC of subgroups “A1”
and “A2”, CD44 level in DG did not differ from control
subgroups, however, in SVZs, CD44 levels significantly
exceeded the indices of “Cntr1” and “Cntr2” — by 11.89 %
and 9.65 %, respectively. Growth of CD44 expression is
explained by expansion of the area of immunopositive
cells and their processes in the same hippocampal re-
gions and SVZs as in the control. In older subgroup “A2”
of patients with compensated LC, both in DG and SVZs,
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Fig. 1. Cytoplasmatic Nestin expression in cell bodies and processes within the subventricular glial nodule in the anterior horn of the brain lateral ventricle in 63 y. 0. deceased patient

of control group (subgroup “Cntr2”). Mo monoclonal Nestin, clone 10C2, Master diagnostica. Mag. x100.

Fig. 2. Nestin expression in the bodies and processes of astrocyte-like cells and in the vascular endothelium of the astrocytic ribbon in SVZ of the lateral ventricle anterior horn in
67 y. 0. deceased patient of the control group (subgroup “Cntr2”). Mo monoclonal Nestin, clone 10C2, Master diagnostica. Mag. x200.

Fig. 3. Nestin expression in the cytoplasm and processes of astrocyte-like cells and in the vascular endothelium of the emerging glial scar near the SVZ of the lateral ventricle anterior
horn in 63 y. 0. deceased patient with subcompensated LC (subgroup “B2”). Mo monoclonal Nestin, clone 10C2, Master diagnostica. Mag. x100.

Fig. 4. Nestin expression in the cytoplasm and processes of astrocyte-like cells in the fimbrial region of the hippocampus near the base of the choroidal vessels in 72 y. 0. deceased
patient with subcompensated LC (subgroup “B2”). Mo monoclonal Nestin, clone 10C2, Master diagnostica. Mag. x100.
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a higher level of CD44 was determined: by 37.28 % and
17.91 %, respectively (p < 0.05), compared to younger
subgroup “A1” (Table 1).

In patients with subcompensated LC of subgroups
“B1”and “B2”, CD44 level exceeded parameters of control
subgroups “Cntr1” and “Cntr2": in DG — by 54.44 % and
56.36 %; in SVZs — by 35.35 % and 40.31 %, respectively
(p < 0.05), as well as values in compensated LC of sub-
groups “A1” and “A2”: in DG — by 51.48 % and 42.57 %; in
SVZs — by 20.95 % and 27.95 %, respectively (p < 0.05).
In both DG and SVZs, higher values were noted in older
subgroup “B2” compared to younger “B1”: by 29.21 %
and 24.73 %, respectively (p < 0.05) (Table 1). In DG,
increased CD44 expression was determined mainly in
a dense network of CD44+ fibers in the SGZ and hilus,
as well as around the cell membranes of neurons in the
granular layer. Determining whether this expression
is neuronal-membrane is problematic without double
labeling technique. In the molecular layer of DG, single
CD44+ astrocytes often connected by their processes the
membranes of granular neurons of stratum granulosum
and vessel walls of the molecular layer (Fig. 5). In “B1”
and “B2” subgroups of subcompensated LC, CD44+
astrocyte-like cells and a dense network of long CD44+
processes were found in increased amounts in the alveus,
stratum radiatum, stratum lacunosum, fimbria-fornix,
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subpial zone (interlaminar astrocytes), “glial plates”
around the base of the CP vessels, partially coinciding in
localization with the highest expression of Nestin in the
same subgroups.

In the SVZ of the anterior ventricular horn, increased
CD44 expression was determined in its layers I, I, and
IV. In areas of astrogliosis of the head of the caudate
nucleus in subcompensated LC brains, there was also a
significant expression of CD44 in a network of elongated
straight astrocytic varicose processes and their fragments,
as well as in the clusters of small rounded-shaped stem-
like cells with 1-2 short thin processes. In addition to
fibrous astrocytes, CD44 expression was also determined
in protoplasmic astrocytes with bushy appearance. Often,
the bodies of CD44+ astrocytes localized near large
vessels sending a smaller part of the processes to the
vascular walls and most of them directing radially from
the vessels, forming characteristic, asymmetric perivas-
cular radiances.

In decompensated LC of subgroups “C1” and “C2”,
CD44 level was reduced relative to compensated sub-
groups “B1” and “B2”: in DG — by 45.40 % and 54.11 %;
in SVZs —by 17.23 % and 26.88 %, respectively (p < 0.05)
(Table 1). Despite the general trend towards a decrease
in CD44 expression in decompensated patients, CD44
rates in DG and SVZs in older “C2” subgroup exceeded
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Fig. 5. CD44 expression in the granular and subgranular layer of DG, as well as in the fibrous-like astrocyte of the molecular layer, sending its direct processes to the granular layer
and to the vascular wall, in deceased 67 y. o. patient with subcompensated LC (subgroup “B2"). Rabbit polyclonal anti-CD44. Mag. x200.

Fig. 6. Ki-67 expression by single cellular nuclei within the hypocellular gap, astrocytic ribbon, and also in the head of the caudate nucleus adjacent to the SVZ in deceased
45Yy. o. patient with subcompensated LC (subgroup “B1”). Ki-67 rabbit monoclonal antibody, clone SP6. Mag. x200.

Fig. 7. GS expression in the cytoplasm and dendrites of neurons, perineuronal gliocytes, astrocytes and their processes near the focus of encephalolysis in the caudate nucleus

adjacent to the SVZ of the lateral ventricle anterior horn in deceased 73 y. o. patient with decompensated LC (subgroup “C2"). Rabbit polyclonal anti-GS. Mag. x50.

Fig. 8. AQP4 expression in ependymocytes and astrocytic processes within hypocellular gap and astrocytic ribbon in the SVZ of the lateral ventricle anterior horn in deceased
45'y. o. patient with subcompensated LC (subgroup “B1”). Rabbit polyclonal anti-AQP4. Mag. x400.

those in younger “C1” subgroup: by 21.90 % and 15.25 %,
respectively (p < 0.05). In foci of encephalolysis of different
age in the head of the caudate nucleus adjacent to the
SVZ, membrane expression of CD44 was often found in
the body and elongated processes of reactive astrocytes
that form glial scars.

Ki-67 expression. In the DG, nuclear Ki-67 expres-
sion was determined in single cells of the subgranular
zone only in the younger “B1” subgroup in subcompen-
sated LC (Table 1), however, the method of this IHC study
does not identify the phenotype of Ki-67+ cells.

In the SVZs of control subgroup “Cntr1”, Ki-67+ nuclei
were found in single cells of the astrocytic ribbon in the
anterior and lower horn of the lateral ventricle, as well
as in layer Il directly under the ependyma. In younger
patients with compensated LC of “A1” subgroup, Ki-67
expression was observed in single cells of the same lo-
calization. In younger patients with subcompensated LC
of “B1” subgroup, a 3-fold higher number of Ki-67+ cells
were determined in SVZs compared to control “Cntr1”,
and single Ki-67+ cells were found in the caudate nucleus
directly under the astrocytic ribbon (Fig. 6). At the same
time, in patients with decompensated LC of both age
subgroups “C1” and “C2”, no Ki-67+ cells were detected
at all in SVZs. In patients with subcompensated and
decomensated LC, Ki-67 expression was absent in small
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areas of the reparative astrogliosis around encephalolysis
foci adjacent to the SVZs.

Both in control patients and in all cirrhotic groups
older than 60 y. o., in DG and SVZs Ki-67+ cells were
absent (Table 1).

GS expression. In control patients, GS-antibody la-
beled cytoplasm of astrocytic bodies and initial segments
of processes in DG SGZ, in the hippocampal fimbria-fornix
and in the “glial plates” of the CP vessels, as well as in
astrocytes of astrocytic ribbons of SVZs, in protoplas-
mic-like astrocytes of the caudate nucleus adjacent to the
SVZ. Weak GS expression was found in the cytoplasm
of ependymal cells of lateral ventricles. GS level had no
significant differences between age subgroups “Cntr1”
and “Cntr2” (Table 1).

In compensated LC of subgroups “A1” and “A2”, GS
level exceeded control “Cntr1” and “Cntr2”: in DG — by
54.66 % and 60.59 %; in SVZs —by 89.04 % and 53.79 %,
respectively (p < 0.05) (Table 1). Elevated GS expression
was due to an increased number of GS+ cells and their
processes in the same localizations as in control. GS level
in DG and SVZs did not differ between the age subgroups
“A1” and “A2".

In subcompensated LC of subgroups “B1” and “B2”,
GS level exceeded not only control values, but also indices
of compensated subgroups “A1” and “A2”: in DG — by
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79.88 % and 75.98 %; SVZs — by 33.07 % and 28.12 %,
respectively (p < 0.05) (Table 1). In subcompensated
LC, in the foci of postnecrotic astrogliosis of the caudate
nucleus head adjacent to the SVZ, as well as in the white
matter of hippocampus, GS+ hypertrophied fibrous astro-
cytes, GS+ binuclear astrocytes and astrocyte-like cells
were found, as well as weakly GS-positive perivascular
astrocytic endfeet. In the “glial plates” of the base of the
CP vessels, an increased number of GS+ astrocytes
were also found.

In decompensated LC of subgroups “C1” and “C2”,
an increased GS level was determined in DG, which
significantly (p < 0.05) exceeded that in compensated
and subcompensated LC subgroups (Table 1). The
highest GS level compared to control in decompensated
LC was observed in the SVZ astrocytic ribbon and brain
tissue adjacent to the SVZ. Interestingly, SVZs of younger
decompensated patients (“C1”) was characterized by
significantly higher GS levels than compensated and sub-
compensated patients of the same age subgroups (“A1”
and “B1”) (p < 0.05), however, in older decompensated
patients (“C2"), it decreased to the values of compensated
(“A2”) and became less than subcompensated (‘B2”) by
30.44 % (p < 0.05) (Table 1).

GS expression in DG and SVZs did not differ be-
tween the groups “A1” / “A2” and “B1” / “B2”; however,
for SVZs, GS level in older “C2” subgroup was signifi-
cantly lower than in younger “C1” by 41.34 %. Despite
the trend towards a decrease in GS level in “C2”, in
the subventricular tissue of the caudate nucleus and
in hippocampus, separate groups of neurons were
identified to selectively express GS in their cytoplasm
and dendrites, as well as in the initial parts of axons
(Fig. 7). Additionly, nearby acute and healing small
foci of encephalolysis, polyphenotypic GS appearance
were defined in the satellite oligodendrocyte-like glia
around GS- and GS+ neurons, in firbrose-like astrocytes,
perivascular astrocytic endfeet, as well as in individual
chains of oligodendrocytes.

AQP4 expression. In DG and SVZs of control
subgroups “Cntr1” and “Cntr2”, AQP4 expression of was
determined in the plasma membranes of ependymocytes,
plasmalemmas of astrocytic bodies and perivascular
endfeet, as well as in the parenchymal processes forming
a network of intersecting immunopositive thin strands in
the neuropil of the SVZ hypocellular gap; in astrocytes of
astrocytic ribbons; astrocytes of DG SGZ and hippocam-
pal hilus, as well as in the astrocytes of the “glial plates”
of the base of the CP vessels. AQP4 level in both DG
and SVZ had no differences between subgroups “Cntr1”
and “Cntr2” (Table 1).

With progression of LC from compensated to sub-
compensated and decompensated stage, the same
aforementioned cell populations of DG and SVZs showed
an increase in AQP4 expression (Fig. 8) with significant
difference between subgroups “A1”/“B1” and “A2"/ “B2”.
However, in patients with decompensated LC, AQP4
expression in both DG and SVZs stops its growth having
no differences between the subgroups “B1” / “C1” and
“B2” / “C2". AQP4 levels between age subgroups of the
same LC class (“A1”/“A2”,“B1”"/“B2", “C1”/ “C2") did not
have a significant difference (p < 0.05) (Table 1).
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Discussion

Itis believed that mammalian NSCs are specialized cells
capable of self-renewal, proliferation, and differentiation in
new lineages, which, however, almost completely cease
to realize their neurogenic potential soon after birth under
physiological conditions [16]. Quiescence, reactivation,
subsequent proliferation, and selection further differen-
tiation pathway are finely regulated by factors that are
synthesized by niche astrocytes [17], by NSCs as well as
controlled by activity nearby neurons and composition of
CSF containing numerous growth factors [4]. According
to E. Akdemir et al. and S. Clavreul et al. [9,18], during
animal embryogenesis, glial differentiation of progenitor
cells are finely tuned by the Notch signaling pathway and
dynamic expression of transcription factors (sex-determin-
ing region Y-box 9 [Sox9]; brain-specific homeobox/POU
domain protein 2 [Brn2]; nuclear factor-I A [NFIA]; zinc
finger and BTB domain-containing protein 20 [Zbtb20]),
which suppress neuronogenesis and promote switching
of differentiation program to the path of astrocytogene-
sis. It is believed, that under physiological conditions in
vertebrates, the proliferation of astrocytes derived from
niche NSCs ends in the early postnatal period [19,20],
and in adults, a low-level proliferation is determined only
in mature astrocytes [9].

Specific factors and pathological processes causing
stimulation, activation and proliferation of niche NSCs in
adults still need to be established, and the mechanisms
of adult astrocytogenesis are extremely poorly described
even in animals [9,18].

Nestin, an intermediate filament protein Class VI, still
considered the main marker of NSCs and NPCs, its ex-
pression is suppressed during subsequent differentiation
of NPCs into neurons or glia [21]. Nevertheless, Nestin
expression, which depends on the ubiquitin proteasome
system, can also be determined in mature reactive astro-
cytes, in which itis presumably involved in the processes
of mitosis, differentiation and migration [21].

In our study, Nestin expression was determined
in multi- and bipolar SVZs cells of the anterior horn of
the lateral ventricles of the GM, which morphologically
resembled niche astrocyte-like NPCs and neuroblasts
described by C. Wang et al. [22]. In the SVZs of
control cases Nestin+ cells were localized mainly in
subventricular glial nodules, which is consistent with
the data of S. de Sonnaville et al. [4]. The low Nestin
level in SVZs of control patients in both age groups
indicates that, outside of pathological stimulation, the
basal amount of Nestin+ NSCs in niche areas is largely
unchangeable.

In patients with compensated cirrhosis, the SVZs as-
trocytic ribbons were found to have significantly increased
Nestin+ level compared to control, and even more so in
elderly patients. SVZs of subcompensated cirrhosis was
characterized by maximal Nestin expression, associated
with 3-fold increase number of Ki-67+ cells in patients less
than 60 y. 0., which significantly exceeds the indicators
of elderly patients with more pronounced destructive
processes in the periventricular tissue, and indicates a
greater degree of reactivity of niche cells in response
on less pronounced damage to the nervous tissue in
younger patients.
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Herewith, we failed to detect Nestin+ cells outside
the vascular walls in the DG SGZ of the hippocampus,
which indicates a lower significance of the DG SGZ as a
niche of permanent adult neurogenesis in a conditionally
intact brain, as well as in response to chronic hepato-
genic intoxication and that is partially confirmed by other
studies [16]. We found that in control groups as well as
in compensated and subcompensated cirrhotic patients,
hippocampal NECs and Nestin+ fibers were maximally
localized in the fimbria-fornix, “glial plates” of the base
of the CP vessels, SVZ, subpial zone up to subiculum.
A similar localization of NECs in the hippocampus of
healthy adults and patients with epilepsy has been
described by J. Liu et al. [15]. Mentioned Nestin+ cells
were morphologically similar astrocyte-like NECs found
in the astrocytic ribbon of the anterior ventricular horn.
In compensated and subcompensated cirrhotic patients,
named areas of the hippocampal formation were char-
acterized by increased expression of Nestin+, CD44+,
GS+, including that in astrocyte-like cells. This suggests
the potential role of the lower ventricular horn SVZ, the
fimbria fornix, “glial plates” around the blood vessels
entering the CP, and hippocampal subpial zone as a
possible alternative neurogenic niche of the hippocampal
formation.

As was indicated by R. Bihimaier et al. [23] “glial
plate’s” astrocytes are surrounded by specific microen-
vironment and are highly susceptible to aggressive and
trophic factors, which exchange in CP is persistently
enhanced. According to J. Passarelli et al., they may
directly influence neurogenesis, being in close relation-
ship with subependymal niche astrocytes [8]. It should
be noted that NECs in the studied SVZs and hypothetical
alternative neurogenic niches morphologically correspond
to the proliferative NSCs described by other researchers
[15,24]. Thus, we assume that revealed growth of Nestin+,
CD44+, GS+ expression in astrocyte-like cells of SVZs
and hypothetical alternative neurogenic niches during
compensated and subcompensated cirrhosis is due to
the activation of astrocytogenesis programs in response
to widespread dysmetabolic astrodystrophy and astrocyte
loss developing in patients with cirrhosis [1].

In the brain of patients with compensated and sub-
compensated cirrhosis, we identified areas of reparative
astrogliosis around single small foci of encephalolysis in
the head of the caudate nucleus adjacent to the SVZ of
the anterior horn, which contained astrocyte-like NECs
with niche morphology, most likely migrating from the
nearby SVZ niche. Migration is also supported by the
absence of Ki-67 expression in areas of astrogliosis with
the simultaneous presence of single Ki-67+ cells in the
nearby SVZ.

We found that with the progression of cirrhosis,
astrocytes of SVZs and SGZ DG significantly increases
GS expression, and this sharply decrease in elderly
patient's SVZ with decompensated cirrhosis, as well as
in other brain regions [1]. This most likely indicates an
adaptive increase in GS synthesis by periventricular,
including fibrous astrocytes in response to high levels of
ammonia in the brain tissue, which is accompanied by
the activation of neurogenesis programs in niches and
an increased Nestin level.
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In older patients of control groups and of cirrhotic
groups of all three Child—Pugh classes, in both SVZs and
DG SGZ we established significantly increased CD44
expression, the main receptor for hyaluronic acid (HA),
compared to younger patients, which is in line with idea
of the age-related accumulation of HA in the brain and
increased expression of CD44 [25]. Membrane CD44
is involved in intercellular adhesion, cell migration and
signaling [26]. In human brain, the main cells expressing
CD44 are white matter fibrous astrocytes and, to lesser
extent, oligodendrocytes, neurons, and microglia [26]. In
our study, the location of CD44+ cells with their charac-
teristic long straight processes coincides with the locali-
zation of Nestin+ cells in the SVZs and beyond, including
areas of periventricular reactive astrogliosis. Liu Y. et al.
[27] have shown that overexpression of CD44 in glial pro-
genitor cells inhibits oligodendrocyte differentiation and
promotes astrocytic lineage differentiation. Moreover,
recent studies [28] evidenced that Nestin expression in
adult niche astrocytes negatively regulates neurogene-
sis through Notch signaling switching the differentiation
of new generations of NSCs to the astrocytic lineage.
It can be assumed that the simultaneous increase in
the expression of Nestin and CD44 in subventricular
neurogenic niches in patients with compensated and
subcompensated cirrhosis is an adaptive attempt to
activate NSCs, including subsequent switching towards
astrocytogenesis (which is indirectly confirmed by the
presence of clusters of Nestin+ NSC-like cells in areas
of periventricular astrogliosis).

Cirrhosis decompensation leads to a dysfunctional
state of the entire astrocytic population, edematous
changes and clasmatodendrosis of astrocytes [1]. In
patients with decompensated liver cirrhosis and severe
Grade 34 hepatic encephalopathy, associated with the
maximal ammonia accumulation in the brain and aggrava-
tion of astrodystrophy [2], compensatory astrocytogenesis
in the neurogenic niches drops, characterized by signi-
ficant decrease in Nestin and CD44 expression, and the
absence of Ki-67 expression in all brain regions studied.

Conclusions

1. In patients with compensated and subcompen-
sated liver cirrhosis, subventricular neurogenic niches
(subventricular zone of the anterior and inferior horns of
the lateral ventricles), as well as in the fimbria-fornix, “glial
plates” of the base of the choroid plexus vessels, subpial
zone of the hippocampus, demonstrate signs of activation
of neural stem cells and niche astrocytes in the form of
increased expression of Nestin, CD44, Ki-67, and GS.

2. Insubventricular zones of control patients, the larg-
est number of Nestin+ cells are localized in subventricular
glial nodules, while in cirrhotic patients, an increase in
Nestin-positive cells is observed mainly in the astrocytic
ribbons.

3. Incirrhotic patients, cells of the subgranular zone
of the hippocampal dentate gyrus, which is considered
the second canonical neurogenic niche of mammals,
show insignificant expression of Nestin, which indicates
less involvement of this zone in the processes of adult
neurogenesis in chronic hepatogenic neurotoxicity.
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4. During subcompensated liver cirrhosis, periven-
tricular reparative astrogliosis around encephalolytic foci
in the head of caudate nucleus, beside GS+ and CD44+
astrocytes include clusters of astrocyte-like Nestin+ and
CD44+ cells, which may indicate the migration to these
reparative foci of astrocytes that differentiate from stem
cells of the nearby active subventricular niche.

5. The patterns of Nestin, CD44, GS, AQP4 and Ki-67
expression in patients with decompensated liver cirrhosis
with severe hepatic encephalopathy Grade 3—4 and deep
astrocytic insufficiency reflect significant decrease in the
activity of subventricular neurogenic niches and inhibition
of astrocytogenesis in periventricular foci of astrogliosis.

Prospects for further research. Further studies are
needed to evaluate more astrocyte-specific progenitor
markers to confirm or refute the hypothesis of activation of
the adult astrocytogenesis from niche stem cells in health
and hepatogenic neurotoxicity to search the methods of
control the regenerative programs that are expected to
exist throughout human life.
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MeTa po60Tu — OLiHNTY B pereHepaLliinHiii HEBPOMI CiZHUYOTO HEPBA LLypa 3MiHWU KIHETVKM BMICTY Me3eHXiMarnbHuX (BiMeH-
TWH-NO3UTUBHI) Ta penapaTMBHUX WBAHHIBCbKUX (GFAP-NO3UTUBHI) KIITUH, BPaXoBYKOUM akTUBHICTb perynauii JiokansHoro
romeocTasy (exkcnpecis CD73) 3a yMoB Aii fgekcameTa3oHy Ta rpaHyoLMTapHOro KonoHiecTumyntoBarnsHoro daktopa (GCSF).

Matepianu Ta meToaum. Y pereHepaLiiHin HeBpomi B 168 Lwypis camuiB niHii Bictap iMyHOrCTOXIMIYHO BUSIBNSNN BIMEHTUH-,
GFAP- Ta CD73-n03nTVBHiI KNITUHW. 3AiACHWNN KiNbKiCHe OLiHIOBaHHS, BUKOPUCTANM METOAM CTAaTUCTUYHOTO OMNpaLtoBaHHs
JaHuX.

Pesynkratu. PereHepaliiHa HeBpoMa CiIHUYHOTO HepBa XapaKTepu3yeTbCs CTEPEOTUNHOIO KIHETUKOK KNITMHHOTO CKragy.
[lekcameTa3oH Ha novaTkoBOMY eTani hopMyBaHHs1 pereHepaLinHoi HeBpomu (1-7 goba) Npr3BoAMB 40 3MEHLLEHHS B Hilt
3ananbHoI iHINbTPaLLii Ta HaKONMYEHHS Me3eHXIMarbHVX BIMEHTUH+-KIMITUH, BUPa3HO NPYCKOPIOBAB HAKOMMYEHHS HeparibHUX
GFAP+-penapaT#BHUX HEMPONEMOLWTIB i NpurHivysas ekcnpecito CD73. [lis rpaHynoLMTapHOro KOMOHIECTUMYIHOBASIbHOTO
dhakTopa (1-3 goba) y pereHepaLinHii HeBpOMI NPU3BOAMIIA 4O HE3HAYHOTO 3MEHLLIEHHS! 3anasbHOI iHAINETpaLii, 36inbLweHHs
KinIbKOCTi KDOBOHOCHWX CYAMH, LLO NPOHUKAOTB 10 Hei. 3a LMX YMOB BUPa3HO 3pocTana LWBMAKICTD i KiNbKiCTb HAKOMUYEHHS!
BIMEHTWH+-KNITUH Ta ekcnpecia CD73, a Takox LWBMAKICTb HAKONMYEHHs GFAP+-KNiTUH. BigxuneHHst ekcnpecii BIMEHTUHY,
GFAP i CD73 y HeBpOMi MiZ Ai€l0 PEYOBWH, LLIO BUBYAMM, NOCTYMOBO 3MEHLLYBanucs i yepes 8 TkHiB Jocnigy iCTOTHO He
BiAPI3HANNCA Bif KOHTPONBHUX. [Py CyMICHIN Aii AekcaMeTasoH i rpaHynoLMTapHWi KONOHIECTUMYMIOBANbHNI (hakTop NOTeH-
LitoBanu eekT 04nH 04HOro Ta 3yMOBMOBany Tpuearne 36epexeHHst BUCOKOi ekcnpecii CD73. 3a umx ymoB cnoctepiranm
HanBmpasHiwe HabnkeHHs ByaoBM HOBOYTBOPEHOI AiNsiHKM HepBa [0 ByAoBM iHTAKTHOMO HEPBOBOIO CTOBOYpPA.

BucHoBku. OpHovacHa gist aekcamertasoHy Ta GCSF Ha novaTtkoBux eTanax hopMyBaHHS pereHepauiiHoi HEBPOMM, Ha
BiAMiHY Bif IXHbOI i301b0BaHOI Aii, CPUYMHSIE HE TiMbKW 3MiHW AMHAMIK/ HAKOMUYEHHS Me3eHXiManbHX | HEMpanbHKX KMiTUH,
ane 7 moaudikye HOBOYTBOPEHY AiNsHKY HepBa, Habnukaroum ii GynoBy [0 iHTaKkTHOI. Lle cynpoBomkyeTbest heHOMEHOM
3pPOCTaHHSA PeakTUBHOCTI HEMPONEMOLMTIB Ha eTani NPOPOCTaHHSA 0CbOBUX LIMNIHAPIB Yepes pereHepaLiitHy HEBPOMY.

Modulation of the tissue composition of regenerative neuroma
by dexamethasone and granulocyte colony-stimulating factor

0. M. Grabovyi, N. M. Nevmerzhytska, A. B. Alyokhin, H. B. Kostynskyi, N. V. Rytikova

Aim. To evaluate the change of the content of mesenchymal (vimentin-positive) and reparative Schwann (GFAP-positive) cells
in the regenerative neuroma of the rat sciatic nerve, taking into account the activity of local homeostasis regulation (CD73
expression) under the influence of dexamethasone (Dex) and granulocyte colony-stimulating factor (GCSF).

Materials and methods. Vimentin-, GFAP-, and CD73-positive cells were detected immunohistochemically in the regenerative
neuroma of 168 male Wistar rats, and their presence was quantified using statistical methods.

Results. The regenerative neuroma of the sciatic nerve is characterized by a stereotypical cellular composition kinetics.
Dexamethasone, during the initial stage of neuroma formation (1-7 days), led to a reduction in inflammatory infiltration and
accumulation of vimentin+ mesenchymal cells. It significantly accelerated the accumulation of neural GFAP+ reparative
Schwann cells and suppressed the expression of CD73. The granulocyte colony-stimulating factor (1-3 days) in the regene-
rative neuroma resulted in a slight reduction in inflammatory infiltration and an increase in the number of blood vessels
penetrating into it. Under these conditions, the speed and quantity of vimentin+ cell accumulation and CD73 expression
noticeably increased, as well as the speed of GFAP+ cell accumulation. The deviations in the expression of vimentin,
GFAP, and CD73 in the neuroma under the administration of the mentioned substances gradually decreased and, after
8 weeks of the experiment, did not differ significantly from the control. When combined, dexamethasone and granulocyte
colony-stimulating factor potentiated each other’s effects and, in addition, led to long-term maintenance of high CD73
expression. At the same time, the most pronounced approximation of the structure of the newly formed part of the nerve
to the structure of the intact nerve trunk was observed.

Conclusions. The simultaneous action of Dex and GCSF during the initial stages of regenerative neuroma formation, in contrast
to their individual actions, not only alters the dynamics of mesenchymal and neural cell accumulation but also modifies the
newly formed part of the nerve, bringing its structure closer to the intact state. This phenomenon is accompanied by increased
reactivity of neurolemocytes during the axial cylinder germination stage of neuroma regeneration.
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PereHepaujiiha HeBpoma (PerH) yTBOpIOETHCS Ha MicLi
YLUKOZPKEHHS MEepUepUYHOro HepBa B pe3ysbTaTi akTu-
BaLii pe3MaEHTHUX KIITUH NOTO TKaHWH, a TakoX Mirpauii
3 KPOBI NEVIKOLMTIB i Me3eHXiManbHUX cToBOypoBUX Kni-
TWH. 3-MOMIX KIiTUH, WO 6epyTb yy4acTb y hOpMyBaHHi
pereHepary, po3pi3HAKOTb reMaToreHHi KNiTMHW 3ananbHoil
iHinbTpaLii, MeseHxiManbHi (pe3naeHTHI Ta Hepesu-
JEHTHI KNiTMHK-NonepeaHukn, hibpobact) Ta HerpasnbHi
(HenponemouwnTn). BesnocepeHbO Yy HOBOYTBOPEHHI
3pYVHOBAHOI AiNsHKW HepBa BpaTMyTb y4acTb MeseH-
XiMarnbHi Ta HempanbHi KNiTYHK, CTBOPIOKOYM YMOBK ANs
HaCTYMHOrO BiHOBIIEHHS HEBPOTU3ALLT NepudepuyHoro
Bigpi3ka Hepea. MeseHxiManbHUN KOMMOHEHT HEBPOMU
(Mornopaa cromyy4Ha TKaH1Ha, Lo pereHepye, 3 KPOBOHOC-
HUMU CyAMHaMM) CroYaTKy 3aroBHIOE TKAHUHHWIA AedekT,
AKUIA YTBOPMBCA MIiCNs TpaBMu, i cTae cybcTpaTtom, no
SKOMY MOXYTb MirpyBaTV penapaTuBHi HeponemMoLmUTy
[1]. HeponemouuTi hopMyHOTh LLASXM A4St IPOPOCTaHHS
0CbOBUX LnNiHApIB [2]. Ha nisHiwwmx eTanax hopmyBaHHs
CrONYYHOTKAHVHHIX BOMOKOH Y HEBPOMI (0CO6NMBO y pasi
HagMipHoro) abo Npu 3aTpumLi MirpaLii HelponemouuTiB
Ui chakTopu CTaloTb HEraTMBHUMY LIOAO NPOPOCTaHHS
OCbOBUX UMNIHAPIB i BiZHOBMEHHS (PYHKLi MOLLKOmKe-
Horo HepBa. KoonepaTuBHi 3B’3kM Me3eHXiManbHWX i
HenpasbHUX eNleMeHTIB Ha NoYaTKy pereHepaLlii Hepea 3
yacoM HabyBatoTb 03HAK KOHKYPEHTHWX i Npu gucbanaHci
MOXYTb MOripLUMTK ii pesynbtatn. OTxe, PO3yMiHHS M-
TKaHUHHWX 3B'A3KIB Nif Yac pereHepaLlii nepuhepuyHmnx
HepBIB MOXe CTaTu MigrpyHTSM Ans po3pobrneHHs 3acobiB
Ta iHCTPYMEHTIB ii MEHEDKMEHTY, CTUMYMALii.

OpwH i3 hakTopiB, LLO CyTTEBO BNIIMBAE HA NPOLIECH
3ananeHHsl Ta HacTynHi penapadii, — Aisg KopTukocTe-
poinis. IXHil BNNMB Ha pereHepalLlito HEPBIB aKTUBHO
BMBYanu, ane AoCi HeMae OHO3HAYHOI MO3uLlii oo ii
noKpaLLeHHs [3].

IHLLWIA KNac pevoBWH, LLO Aik0Tb Ha NpoLecy npornide-
pauii, mirpavii Ta gndepeHLitoBaHHS KNiTUH, — hakTopy
pocCTy, 30Kpema nif vac pereHepadii nepudepuiHmx
HepgiB [4]. Cepen uux chakTopiB ocobnusy yBary npu-
BEPTAE rPaHyNoUMTapHUIA KONOHIECTUMYIOBANbHUN
daktop (GCSF), Wwo BMKOPUCTOBYIOTb ANS akTuBaLlii Ta
mobinisauii MeseHximanbHWX CTOBOYpPOBMX KMiTUH [5].
Moro 3acTocyBaHHS Mpu NOLUKOMKEHHI nepucepuyHnX
HEPBIB Mae HU3KY NO3WTUBHWX edekTis [6,7].

Merta po6otu

OuinnTn B pereHepaLiiHiii HEBPOMI CiAHWYOrO HepBa
Lypa 3MiHM KiIHETUKM BMICTYy Me3eHXiManbHuX (Bi-
MEHTWH-NO3NTUBHI) Ta penapaTuBHUX LUBAHHIBCbKNX
(GFAP-n03nTUBHI) KMiTUH, BPaxoBYyl4N aKTUBHICTb
perynsii niokansHoro romeocTtaay (ekcnpecis CD73) 3a
YMOB fii AeKCaMETa30Hy Ta rpaHynoLMTapHOro KOMOHie-
CTUMYMOBAsbHOTO hakTopa.

Martepianu i meToAU AOCAIAKEHHA

[ocnigpkeHHs 3gincHuny Ha 168 wypax camusax miHii
Bictap, maca Tina — 220-250 r. TBapuH yTpumyBanu y
3BMYaNHNX YMOBaX BiBapito Ha CTaHAAPTHOMY paLioHi npu
BiflbHOMY JOCTYNi A0 Xi Ta BoAW. EKCnepuMeHT 3aiicHu-
11 BiANOBIOHO 40 NMPUHUMNIB €BPONecbkoi KOHBEHLT

Maronoris. Tom 20, Ne 2(58), TpaBeHb — cepneHb 2023 p.

OpwuriHaAbHI AOCAIAKEHHSA

MpOo 3axuCT XPEOETHKX TBAPUH, LLIO BUKOPUCTOBYHOTLCS 3
[OCMigHMMM Ta iHWKYMKM HaykoBuMK Linamu (CTpacoypr,
1986 p.), a Takox 3aKoHy YkpaiHu «[1po 3axucT TBapuH
Bifl XXOPCTOKOrO MOBOMKeHHs». Opepxany ekcnepTHui
BWCHOBOK KOMICii 3 MUTaHb BiOETUYHOI ekcrnepTuan Ta
€TVKM HayKoBMX JocnigxeHb HauioHanbHOro meguy-
Horo yHiBepcuteTy iMeHi O. O. Boromonbusa Ne 160 Big
26.09.2022 p.

OnepatvBHe BTpyYaHHS BYKOHANM nig TioneHTano-
BIM Hapko3oMm (50 Mr/Kr BHYTPILLHbOOYEPEBWHHO). Iicns
BUOANEeHHs WepcTi Ta 06pobkun LWwkipn 5 % po3dnHom
roay LypaM BUKOHaMM po3pi3 LKipK Ta dhacLii no 3aaHin
MOBEPXHi MPaBoro cTerHa. TynuM LUMSIXOM po3’egHanu
M’A31 Ta nepepisani CIGHNYHUIA HEPB Ha PiBHI cepeaynHn
CTErHOBOI KiCTKW. PaHy 3alumnu nowiaposo, onepawinHe
none obpobunu 5 % posynHom roay.

TeapwvH paHZOMHO nofinunu Ha 4 rpynu (no 42 wiypa):

1 rpyna (koHTponb, C) — wypam 3 1 o 5 gHa nicna
onepauii nigLkipHo Beogunn 0,5 Mn 0,9 % posumHy NaCl;

2 rpyna (Dex)—y Ti cami TEpMiHU NiZLIKIPHO BBOAUMM
nekcametasoH (Dex, 10 mr/kr);

3rpyna (GCSF)—Ha 1, 2i 3 feHb focnigy TeapuHam
MiALUKIPHO BBOAWMY rPaHyNoLMTapHUIA KONMOHIECTUMYIIO-
BanbHun aktop (MpaHounTt® 34, CaHodi-ABeHTiC,
®paHuis), 50 mkr/kr;

4 rpyna (GCSF + Dex) — Ha 1, 2 i 3 geHb gocnigy
wypam nigwkipHo Beogunm GCSF (50 mkr/kr) Ta Ha 1-5
aHi gocnigy seoaunu Dex (10 mr/kr).

EBTaHasito TBApPWH 34INCHUIN BBEAEHHSM OBEPLO3M
TioneHTany Hatpito (200 mr/kr).

®parmeHT HepBa 3 pereHepaLiiiHo HEBPOMOIO AN1s
focnipxeHHst 6panu yepes 1, 3, 7, 14, 28 i 56 gi6 nicns
HEBPOTOMIi (MO 7 TBAPWH Ha KOXEH CTPOK), dikCyBanm
B 10 % 3abydeperomy chopmanivi (pH 7.4; 40 °C, 48
rOAMH), YLLiINbHIOBaNY B Napanmnact i BUrOTOBNAMM 3pi3u
3aBTOBLUKM 4 MKM. 3abapBnioBany reMaTtokcuniHoOM Ta
€03VHOM, BWKOHYBanu imyHorictoximiuni (IFX) peakuii
BiAMNOBIAHO 10 NPOTOKOMIB BUPOBHUKIB aHTWTIN. 3acTocy-
Banu Taki NEPBUHHI @aHTWTINA: MULLIMHE MOHOKITOHarbHE
aHTuTIno Jo BiMeHTUuHy (Vim, V9, MA5-11883 Thermo
Fisher), possegeHHs 1:250; MuwKMHE MOHOKOHaNbHe
aHTUTINO A0 rMianbHOro iGPUNSPHOrO KMCMOro npo-
TeiHy (GFAP, ASTRO6, MA5-12023, Thermo Fisher)
possefeHHs 1:200; kponsye NoniKnoHanbHe aHTUTINO 4O
CD73(Ab175396; Abcam), posseaeHHs 1:200. Mpogykty
peakuii BidyanisyBanu 3a 4OMOMOrO CUCTEMU AeTeKLji
Ha OCHOBI diamiHo6eH3uamHy (EnVision FLEX, Dako,
[anis). MpenapaTn gocnimkysanu Ta dotorpadysani
3a gonomoroto Mikpockona Olympus B53 i3 umdposoto
dpotokameporo SP180. Ha umchposux 306paxeHHsix x400
(300 x 225 mkm; 1224 x 920 nikceniB RGB, pexwum ocBiT-
neHHsi —doTo, CTaHAApPTU30BaHa eKCroanLis). Ekcnpecito
IFX-mapkepiB BU3Ha4anu HaniBKifbKiCHAM METOAO0M,
BMKOPUCTOBYOYM NporpaMHe 3abeaneveHHst Imaged
1.46 (Wayne Rasband, NIH, USA) ans aekoHBontoLii Ta
HaCTYNHOro aHanisy 3 BUMiptoBaHHAM nroLwi [MX-3a6aps-
NeHHs [8]. BuMiptoBaHHs 34iNCHWNM B 7 TECTOBMX TOUKaX
B Marepiani Bif KOXHOI eKCnepyMeHTanbHOi TBapUHMU.

Yucnosi faHi (BinnosigHi Yacosi psam) onpaLiioBany,
3acTOCyBaBLUM CTaHAAPTHI CTAaTUCTUYHI MeToau, 3 00-
YNCMEHHSIM CEPEaHLOT0 apUPMETNHHOTO, CTaHAAPTHOIO
BiAXMNEHHS Ta CTAHZAPTHOI MOMUIIKM cepeaHboro. Tou-
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Hui Tect Konmoropoa—CMmpHOBa Nokasas, Lo BCi AaHi
BUMIpIOBaHb HE Cymnepeyarb HOpMarbHOMY PO3MoAisny.
[1ns ouiHI0BaHHSA 3HaYYLLOCTi MXXTPYNOBYX BigMIHHOCTE
BuKopucTanu kputepin CtblogeHTta. BigMiHHOCTI Mix
MOKasHWKaMy BBaXanu CTaTUCTUYHO 3HAYYLLMMU MpU
p < 0,05. 3B’A3kM MiX NOKa3HMKaMW, LLO AOCHISXKYBany,
OLiHtoBanM 3a kopensuieto NipcoHa; BenuumnHy 3anisHeH-
Hs1 / BUNEPEMKEHHS Y Yaci (4acoBi narv) opHiei 3MiHHOT
LLIOAO iHLLOT OLiHIOBaNu! METOAOM KPOC-KOPensLiiHoro
aHaniay [9].

PesyAbTati

CnocTepekeHHsl nokasanu, Lo y TBapUH KOHTPOIbHOI
rpynu BiOHOBNEHHS Mepepi3aHoro Hepsa Biabysanocs
32 CTEPEOTUMHOK KIHETUKOHD. Y KPOB'SHUCTO-CPiOPUHO3HI
macy Mix Bigpiskamu HepBa BigbyBanacst iHBasist KNiTuHU
3ananbHoi iHinsTpauii, gibpobnacTis i KPOBOHOCHMX CY-
AuH. [MocTynoBo 3MeHLLYyBanacs 3anarnbHa iHinsTpavis,
3pocTarna n1Toma KirbkicTb ¢hibpobnacTonogibHuX KNiThH.
Y MOonoamin Cromy4YHOTKaHUHHUIA PereHepaT NMpoHUKanm
HeliponemoLuTy, Lo 3rofoM copmyBanu GrorHepiechbki
CMYXKW. Takox hopMyBanmcst KonareHoBi BONOKHa, LLO
HepiBHOMIPHO pO3nodinsanucs B HeBpomi. Ha gpyromy
micsiLi nicnsi HeBpoTOMii BigbyBanocs BUpasHe 3MeH-
LUEHHS ii KNITUHHOCTI.

Ha noyatkoBomy etani (1-7 goba) pereHepalii Hepea
nig BNAvMBOM BUcokux fo3 Dex nepeaycim cnocrepiranv
pi3ke 3MEHLUEHHS 3ananbHoi KMITUHHOI iHdinbTpauii. B
pereHepaTi Hakonu4yeamnocs MeHLue ¢ibpobnacTnyHmx
enemeHTIB, 3aTpuMyBanacs Backynspusadis. Pasom
i3 TUM, KinbKIiCTb LUBAHHIBCKWX KMITWH Y HEBPOMI AeLlo
3pocTana. Y cknagi pereHepaty bopMyBanocsi MeHLUe
KOMNareHOBMX BOIOKOH, i BOHU Many BUPA3HILLY MOB30BX-
HI0 opieHTaLto. Tski HeriponemoLuTiB, WO dhopmyBanmcs
y PerH, Burnspganu Ginblu KOMNAKTHUMKM Ta Manu Bu-
pasHiLly TEeHAEHLIiK0 1O MOB3AOBXHBOIO PO3TaLLyBaHHS.
3a3Haummo, LLIO B HEBPOMI, NoYMHatouM 3 3 fobw gocniay,
3'ABNANNCA BENWKi OKpyrmi abo HempasumbHOI hopmm
KMITVHM 3 KPYMHAM FOMOreHHO 3a6apBneHnM SAPOM. IXHS
KinbKicTb 3pocTana o 7—14 nobw, konm BoHW yTBOpoBanu
CKyMYeHHS, MiCns Yoro BisyarnbHa Bepudikalis ctaBana
CKIagHoH.

[Jis GCSF (1-3 goba) cnpuynnsana y PerH HeaHauHe
3MEHLUEHHS 3ananbHoi iHinbTpauii, 36inbWeHHs
KiNbKOCTi KDOBOHOCHUX CYAWH, LLO NPOHMKaOTb A0 Hei.
MopieHsaHO i 3 C, i Dex y Hin 3pocTana KinbKicTb KMiTUH
HenpaswubHOI abo OKpyrnoi opMK 3 OKPYIMUMU FOMO-
reHHUMU SApamm Ta FOMOreHHOH0 LTonnasmoto. Hagani
PerH xapaktepuayBanacs BULMM MUTOMWUM BMiCTOM
KNiTWH | popMyBaHHSAM MaCVBHILLMX NOPIBHSHO 3 C nyykiB
HENpPONeMOLIUTIB.

OpHovacHe 3actocyBaHHs Dex i GCSF npuasoguno
[0 Pi3KOro 3HWKEHHS 3ananbHoi KNiITUHHOI iHdiNbTpauii
PerH, ynoBinbHEHHs HakonM4eHHs B Hil KNiTuH ¢ibpo-
GnactuyHoro psgy i 3MeHLeHHs 00’eMy yTBOPEHHS
CrOMyYHOTKAHWHHUX BOMOKOH. Pasom 3 TM y HeBpOMI
aKTMBHO HaKOMUYyBanucst KMiTkHK okpyrnoi abo Henpa-
BUIbHOI hopmu, Lo Ha 7 i 14 noby mornm yTBoptoBaTu
CKynyeHHs. PereHepar 3aranom MaB MEHLY NMUTOMY
LWinbHICTb KNiTUH, HiX y rpyni GCSF. Ha 28 i 56 noby B
HOBOYTBOPEHOMY (hparMeHTi HepBa BUSIBMSAINN MEHLLE Kni-
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TWH hibpobnacTuyHoro psgy, Hix y C, a HefiponemoumTy
Manu AeLlo MeHLi po3Mipu Ta hopMyBanyi NMyyku pisHOi
TOBLUMHW. TTOPIBHSIHO 3 iHLUMMK eKCnEPUMEHTaNbHUMI
rpynamMu HOBOYTBOPEHW hparMeHT 3a ByaoBoto Hal-
6inbLue Habnuxaecs [0 IHTaKTHOMO Hepea.

IFX-gocnipxeHHs nokasanu: ekcnpecis Mapkepis,
AKi JOCnimpKyBanu, 3arasiom BidnoBigae CTepeoTUrHii
KiHeTWUi npouecy pereHepalii nepepizaHoro Hepsa.
BoHa 3poctana, 4eMOHCTPYHUM HAaOMIPHICTb i caraoum
Makcumymy Mix 14 i 28 gHamu gocnimxeHb. Exkcnpecito
Vim Busensanu B cibpobnacronogibHux, sigpoctyaTux i
HenpaBubHOI hopmm kiiTMHaxX. Kpim Toro, iMyHopeak-
TUBHICTb A0 Vim BnacTuBa BEMNWKAM KMiTUHAM OKPYroi
abo HenpaBuIbHOI HOPMU 3 OKPYITIMM FOMOTEHHUMU
agpamu. MNoniMmopdHosaepHi nenkounTn akTU4HO
Vim-HeratvsHi. IHogi Tpannanucs Vim+ gpi6Hi nimouw-
TonoaibHi knituHW. Excnpecito GFAP BUSBNANM YacTille
Y MOPIBHSIHO BEMUKMX KIITUHAX i3 KPYMHUMW OBamNbHUMM
anpamu 3 gpibHogparnucTum xpomaTtuHom. CD73
Pi3HOI0 MIpO0 eKCrpecyBaBcs Y KNiTMHaX Maibke BCiX
mopdonoriyHmnx hopm. 3actocyBaHHs Dex, GCSF Ta ix
NOEAHAHHSA 3MiHIOBAsIO PiBEHb €KCMPeCii JOCHIMKEHNX
mapkepis (puc. 1).

KinbkicHe ouiHOBaHHS ekcnipecii Vim y kniTnHax
PerH cigHnyoro Hepea nokasano, WO BigMIHHICTb Aji
npenaparis BUSIBNSAMM HacaMnepes 3a 3MiHOK LUBUAKOCTI
HaKOMMYeHHs LMX KnitvH (puc. 2, Vimentin). XapakTep
BIaCHe TPAEKTOPI/ MOKa3HUKa YMCEnbHOCTI nonynsuii
3anuaBcs Malxe He3MiHHUM (MaB S-nogibHui Bu-
rmsg). AHania nogibHocTi BiANOBIHMX YacoBUX psAAIB,
BVKOPVCTOBYHOUM K Mipy NOAIGHOCTI kopensuito MNipcoHa,
niaTBEPAMB Lie criocTepexeHHs. Tak, kopensauia mix Dex,
GCSF, Dex + GCSF i koHTponbHoto kpuBoto C cTaHoBUNA
0,978, 0,920 1a 0,987 BignosigHo (mabs. 1). 3a faHUMu,
Lo HaBefeHi Ha puc. 2 (Vimentin), 3actocyBaHHa Dex
CMPUYMHUIO 3HWKEHHS TeMMiB POCTy KNiTuH Vim+ Ta
iXHBOT chiHanbHOI KinbkocTi NopiBHsIHO 3 C. 3acTocyBaHHs!
GCSF Haiibinblue cTuMynioBano 3poCTaHHs NUTOMOI
KinbKocTi umux KnituH, a B rpyni Dex + GCSF cnoctepi-
ranu AMHaMiKy, Lo Marxe He BiOpi3HAETLCS Bif Takoi y
KOHTPOIbHIl rpyni, Xo4a N Ha BULLOMY PiBHI.

Ha noyatkoBomy eTani popmysaHHsi PerH (13 nobwu)
HabinbLUe Ha HAKOMMYEHHS y Hit GFAP+-kniTUH BNnvBa-
v Dex i Dex + GCSF, geluo meHwwe — GCSF (nopiHsHO
3 KOHTponbHoto rpynoto C) (puc. 2, GFAP). BigmiHHocTi
BMIIMBY PEYOBWH, LIO BMBYanu, Bynu ocobnmBo NOMITHI
B HaCTynHi 4 1obu, konu nig ixHiM BNNMBOM Yepes 7 aib
gocnigy maike 3aBepluyBanacs gasa npucKopeHoro
HaKoMWYeHHs umMx KNiTuH. Ha BigmiHy Bif uporo, dasa
3pocTaHHs KinbkocTi GFAP+-knituH y rpyni GCSF, sk i B
rpyni C, TpuBana 3HayHo gosLue (8o 28 nobw). Mikosui
piBeHb KinbkoCTi KNiTMH GFAP+ y BCiX OCAIQHWX rpynax
Maixe OfHAKOBUIA, WOr0 JOCATHYTO B Ti CaMi CTPOKM.
BigmiHHOCTI 3a BNMBOM npenapaTiB BUABUAM N Ha
3aBepLuUanbHil CTaii cnocTepexeHb, KON 3HUKEHHS
KinbkocTi GFAP+-pereHepaTopHUX LUBAHHIBCbKMX K-
TvH y Dex + GCSF BusiBunocs HanmmeHwmM, a B Dex
— Hanbinbwum. Lle cBigunTb, WO ronoBHA BiAMIHHICTb
Ail npenaparis, WO JOCNigpXyBanu, nonsrae B xapakTepi
nepexogy nonynsuji knituH GFAP+ i3 no4aTkoBoro ctany
Ha iHanbHWUI, TO6TO B XapakTepi AMHaMIk (TPAEKTOPIl)
3pOCTaHHS iXHbOTO KNiTUHHOTO nyny (puc. 2, GFAP).
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OpwuriHaAbHI AOCAIAKEHHSA

Vimentin GFAP CD73

Control

Dex

GCSF

Dex

GCSF

Puc. 1. Ekcnpecist Vim, GFAP i CD73 y kniTuHax pereHepalL|iiiHoi HeBPOMM CiAHW4Oro HepBa LuypiB Yepes 7 a6 nicns Herpotomii. IFX. Mikpodpoto, 06. 40, ok. 10.
Control: yMmoBHO iHTaKTHi TBapuHu; Dex: TBapuHW, Lo 3a3Hanw fiji fekcametasoHy; GCSF: TBapuHu, Lo 3a3Hanu fji rpaHynoLUTapHOro KOMOHIECTUMYIIOBANBHOTO (hakTopa;
Dex + GCSF: tBapuHm, o 3a3Hany gii Dex i GCSF. 36. x400. LLikana 100 mkm.

Tabnuus 1. Matpuus 6nmsbkocTi (kopensuis) yacosux psaiB ekcnipecii Vim, GFAP i CD73 y kniTuHax pereHepaLiiiHoi HeBpoOMM

o 1-3-7-14-28-56 14-28-56
vim ____[Grap | cors oFap ___Jcors Jvim ___JGrap __coTs

c 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
Dex 0,978 0,840 0,979 0,984 1,000 0,977 1,000 0,994 0,982
GCSF 0,920 0,915 0,988 0,990 0,948 0,995 0,998 0,708 0,995
Dex + GCSF 0,987 0,613 0,930 0,997 0,999 0,964 0,997 -0,345 -0,541

C: KOHTPONbHI TBapWHW; Dex: TBApWHW, LLO 3a3Hanu il AekcameTaloHy; GCSF: TBapyHK, LLO 3a3Hanu Aji rpaHynoLMTapHOro KOMOHIECTUMYMOBANBHOTO (hakTopa;
Dex + GCSF: TBapuHW, Wo 3a3Hanm aii Dex Ta GCSF; 1-3-7-14-28-56, 1-3-7, 14-28-56: 4acoBi iHTepsanu (obu nicns onepatii).
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Vimentin

GFAP

3 7 14 28 56

—&— Dex -®-GCCSF —-@-D+G

Puc. 2. iunamika ekcnpecii Vim, GFAPi CD73y kniTuHax pereHepaLjiiiHoi HEBPOMM CifHK-

3 7 14 28 56
—&— Dex -®-GCCSF —-@®-D+G
CD73

C: KOHTpONb;

Dex: TBapuHM, LLO 3a3Hany fji JeKCaMeTasoHy;

GCSF: TBapuHW, LU0 3a3Hanw Aii rppaHynoLMTapHOrO KOMOHIECTUMYMIOBAMBHOTO (hakTopa;
D + G: TBapuHu, o 3a3Hanm aii Dex i GCSF.

3 7 14 28 56
- @ - GCSF

—@— Dex -®-=D+G

AHania kopensuii Mix BiZNOBIgHMM YacoBVMM psiga-
MU NiATBEPAMB BUSIBNEH] 3aKOHOMIPHOCTI. Tak, koediLlieHT
kopensuii MipcoHa mix nocnigosHoctamm C i GCSF,
Dex i Dex + GCSF ansi TpaekTopiii 3aranioM CTaHOBMB
0,915, 0,840 0,613 BignoBigHO; 4N NOYATKOBMX BiApPIi3kiB
(1-3-7 pobw) — 0,980, 1,000 Ta 0,999 BignosigHo; Ans
KiHUeBWMX BigpiskiB (14—28-56 nobu) — 0,708, 0,994 Ta
-0,345 BignosigHo (mab6n. 1).

Ekcnpecia CD73 kniTuHamm PerH 3aranom nokasana
3B'A30K i3 KMITUHHICTIO, BUSIBUNA TUMOBY KIHETWKY i Mo-
MipHe 3MeHLLEHHS piBHS Npu Aii Dex, 36inblweHHs — nig
BrinvBom GCSF (puc. 2, CD73). MNprHLMNOBY BiAMIHHICTb
AnHamikm ekcnpecii CD73 Bu3Hauunmm nuwe y rpyni
Dex + GCSF Ha 3aBepLuanbHiil cTagii eKCnepuMeHTy.
Konu B iHLWmX rpynax Bin0yBanocs 3HWKeHHs iMyHopeak-
TMBHOCTI 8o CD73, y Uil rpyni Take 3HWKEHHS NoYanocs
3Ha4HO Mi3HiLLe i BinOyBanocs cyTTeBO NoBinbHilLe. Lien
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4oro Hepaa LLypiB npotsirom 1-56 Ai6 nicnst HeipoTomii (y. 0., M £ m).

¢heHOMEH Bifpa3y NO3HAYMBCS Ha MOKa3HKKY NOAiGHOCTI
BignosigHoi Tpaektopii Dex + GCSF i3 C (r =-0,541).

AHania guMHaMiki NpoLeciB, SKi BUBYAMK, y Mexax
KOXHOT OKPEMO B3SITOi JOCMIAHOI rpynn nokasas HasiB-
HICTb MEBHWX YacoBWX NariB MiX MpoLecamn Hakomnu-
yeHHs Vim+, GFAP+ kniTuH i piBHeM ekcnpecii CD73, a
TaKOX IXHIO 3aNEXHICTb Bif yMOB €KCiepUMEHTY (puc. 3,
mabn. 2).

Ha BigmiHy Big Dex, GCSF (puc. 3, mabn. 2) aktu-
BYBaB MPOLIECU HAKONWYEHHS Vim+-KniTuH i ninsuLLyBaB
3aranbHui piBeHb ekcnpecii CD73 (BignoBigHI KpuBi
3HaxofATbCA NMOMITHO BuLLe 3a Taki B rpynax C i Dex),
HE3Ha4HO BrNMBaB (MOPIBHAHO 3 KOHTPOIIEM) HA NPOLIEC
HakonuyeHHss GFAP+-pereHepaTopHMUX Helponemo-
umTiB. Bnnme GCSF Ha 3pocTtaHHst umcna Vim+-kniTuH
MOMITHO CUMbHiLLKIA (BinbLU KpyTa KpUBa) i BUNepemxas
He TiNbky 36inbLIeHHs KinbkocTi GFAP+-KNITUH Yy yaci,
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Puc. 3. CniesigHoLweHHs excnipecii Vim, GFAPi CD73y kniTuHax pereHepaLliiiHoi HeBPOMM CiHU4Oro HepBa LLypiB npoTsirom 1-56 46 nicns HeiipoTomii (y. 0.). C: koHTporb; Dex: TBa-
PyHW, WO 3a3Hany fii aekcametasoHy; GCSF: TBapuHm, L0 3a3Hanu Aii rpaHynoLmMTapHOro KoroHiecTMMyntoBanbHoro dhaktopa; Dex + GCSF: TBapuHy, Lo 3a3Hanm gji Dex i GCSF.

ane i 3pocTanHs ekcnpecii CD73, W0, CBOEK Yeproto,
BUnepepkatoTh nepebir npouecy GFAP (puc. 3, GCSF).

OpHovacHe 3actocyBaHHs Dex i GSCF (puc. 3,
Dex + GCSF) cnpuynHAno KoMMmeKkcHy peakuito. Y Lbo-
My pasi 36epiraBcs edekT Big BnnvBy GSCF (kpusi Vim
i GFAP, puc. 3, Dex i GCSF), ane, Ha BigMiHy Bif iHLLKX
JOCTiAHWX rpyn, 3aranbHa ekcnpecis CD73 npoaosxysa-
1@ 3poCcTaTt 3HaYHO A0BLUE, a ha3a ii 3HUKEHHS ICTOTHO
BiATepMiHOBaHa 1 yno.inbHeHa (puc. 3, CD73, mabn. 2).

06roBopeHHA

Omxe, Dex i GSCF cyTTeBO BNnNMBatoTh Ha BMICT KMiTUH
Me3eHximanbHoro (Vim+) Ta HenpanbHoro (GFAP+) nynis
y PerH Ta ixHi peaktuBHi MoxnmeocTi. Possutok PerH

Maronoris. Tom 20, Ne 2(58), TpaBeHb — cepneHb 2023 p.

nicnsa Al TakMx aKTUBHMX YMHHWKIB, sik Dex i GSCF Ha
noYaTKoBUX eTanax hopMyBaHHS MparHe NOBEPHYTUCS
[0 NapameTpiB CTEPEOTUMHOI KIHETUKY, LLO NpUTaMaHHa
C (puc. 2) [10]. OpHak 3miHK, Lo BinbyBatoTLCS B pasi ix
3aCTOCYBaHHS, XapaKTePU3yHTLCS IHEPTHICTHO, CIPUYKHS-
t04M NEBHi 3MiHW CTaHy BigHOBMEHOrO hparMeHTa HepBa
B BijaneHi CTPOKu Nicns TpaBMy.

OuikyBaHo Dex pi3ko 3MeHLLYyBaB BUPa3HICTb 3anarb-
HOI peakLil, Lo € OOHWM i3 NPOBIAHMX haKTopIB iHiLiawii
penapatvBHOi pereHepadii. BignosigHo, Lie npuasoauno
[0 YNOBIMbHEHHS! T 3MEHLLUEHHS1 06’€My HaKOMUYEHHS!
Vim+-knitnH Me3eHximansHoro / hibpobnacTnyHoro pagy
B HEBPOMi, @ TaKOX YTBOPEHHS! B Hill MEHLLOrO 06’eMy
CMOSYYHOTKAHWHHKX BOSTOKOH. Taki faHi ofepxanu 1 B
iHWMX gocnimkeHHsix [11]. Ocobnusy yBary npuBepHyna
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Tabnuusa 2. Yacosi naru (Af) Ta B3aemHa kopensuist (r) Mix TpaekTopisiMu nokasHukis ekcnpecii Vim, GFAP i CD73 y kniTuHax pereHepauiiiHoi HeBpOMU

Fpynu
At

GFAP
Vim
CD73
GFAP
Vim
CD73
GFAP
Vim
CD73
GFAP
Vim
CD73

Cc

GCSF

Dex + GCSF

s
3
OIi

1 0,774 1,000 1 0,811
0 1,000 -1 0,774 0 0,960
0 0,960 -1 0,811 0 1,000
0 0,925 0 1,000 0 0,945
0 1,000 0 0,925 0 0,944
0 0,944 0 0,945 0 1,000
1 0,727 0 1,000 0 0,831
0 1,000 -1 0,727 0 0,859
0 0,859 0 0,831 0 1,000
0 0,953 0 1,000 0 0,849
0 1,000 0 0,953 0 0,703
0 0,703 0 0,849 0 1,000

C: KOHTPONbHI TBapuHW; Dex: TBAPUHW, LLO 3a3Hanu fii AekcameTasoHy; GCSF: TBapuHW, LLO 3a3Hanu il rpaHynoLMTapHOro KOMOHIECTUMYMIOBANBHOTO (akTopa;
Dex + GCSF: TBapuHu, Lo 3a3Hanm aii Dex i GCSF.

nosiea B PerH i3 3 nobu gocnigy Vim+ Benukux okpyrnmx
260 HenpaBuWIbHOT (DOPMY KITITUH i3 KPYMHUM FOMOreHHO
3abapBneHM S4pOoM, LLIO YTBOPIOBANM CKyNMYEHHS Yepes
7114 pi6 nicnsa HespoTomii. LLloao WBaHHIBCLKWX KNITWH,
TO, HE3BaXXar4M Ha NPUTHIYEHHS iHILitoBanbLHOTO (hakTopa
3anareHHs, crocrepiranv BUpasHe 3poCTaHHs LUBUAKOCTI
X Hakonu4eHHs B HeBpoMi. Lie 3GiraeTbes 3 pesynsratamu
pocnigpkenHs J. |. Lee et al. [12]: HemponemoumTu ekcrnpe-
CyHOTb peLenTopyu 0 IMKOKOPTUKOILIB, L0 aKTUBYHOTh
ixHto nponidepauito. OTxe, BUHUKAE NUTaHHS Npo Te,
AKUM YMHOM pEereHepaTopHi WBAHHIBCHKI KIITUHM peary-
BaTUMyTb Ha Dex y nepiog, Komm iXHS KinNbKiCTb Y HEBPOMI
[locsirae nNnato, a BOHW 3a3HaloTb ANEPEHLItOBaHHS.

Pesynkrati HaLoro gocnimkeHHs (mabn. 2) nokasa-
JIN: NPUTHIYEHHSA Me3eHXiManbHOI peakLii Ta MPUCKOPEHHS
HaKOMUYEHHSI PETEHEPATOPHUX LUBAHHIBCHKUX KNiTUH
Malxe ycyBarno BiACTaBaHHs OCTaHHIX Y hOpMyBaHHi
KniTuHHOrO cknagy PerH.

Excnpecis CD73, sikvii € OOHIM i3 KIIOYOBWX peryns-
TOpIB PEAKTUBHOCTI KITiTUH BHACTIZOK NypiHEPriYHOI Nepe-
Aavi[13], nig Bnnvom Dex sHvkyBanacs Ta sanuiianacs
TaKoH0 A0 KiHLS cnocTepexeHb. IMOBIPHO, Lie NOB’A3aH0 3
3aranbHUM 3MEHLLEHHSM KNiTUHHOCTI PerH.

[aHi, wo opepxanu, ceigyats: GCSF sk akTuBaTop
Me3eHxiManbHUX cToBOYpPOBMX KNiTUH [14] ovikyBaHO
36inbLLUyBaB HakonnyeHHs ibpobracTonoaibHMX KNiTuH
Y HEBPOMI, asie He 3MiHIoBaB NOro AMHaMIYHUIA NPOisb
(mabn. 1). Mpu uboMy criocTepirany NEBHE 3MEHLLEHHS!
3ananbHoi KNITMHHOI IHiNbTpaLii, Lo MOXHa NoB’s3atu
3 HaKoMMYeHHsIM y PerH meseHximanbHux cToBOypoBUX
KMiTUH Ta iXHIMV NpoTM3anansHUMKM BNacTUBOCTAMM [14].
Pa3om 3 TuM, y Hill AeLLo 3pocTana LBMAKICTb HAKOMMYEH-
HS pereHepaTopHuX HerponemouuTis (puc. 2). Lie moxe
OyTv NOB'A3aHO 3 BNMBOM CEKPETOMY ME3EHXIMaNbHNX
cToBOYpoBuX KNiTUH [14] Ta/abo npsimum Bnnneom GCSF
Ha HemrponemoumnTy [4,6,7]. Ha ubomy thoHi cniocTepiranu
MaKcUmanbHy LIBMAKICTL 36inblueHHs ekcnpecii CD73,
LLIO MOXHa MOSICHUTY LUBUAKUM 3pOCTAHHAM KMiTUHHOCTI
PerH. Micnsa 14 nobw gocnimkeHHs BOHA 3HKyBanacs
3Ha4HO NOBINbHiLLe, HixX y rpynax C i Dex. Lie BigpisHsano-
€A1 Bifj 3MEHLLEHHS KinbkocTi Vim+-kniTuH, ane 36iranocs
3i 3pOCTaHHAM KiflbKOCTi HerponemouuTiB. [Mpunyckamo,
Lie MOB'sI3aHO 3 NPOPOCTaHHSIM OCLOBYX LIMMIHAPIB Yepes
GrorHepiBChbKi CTpivky [7].
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FAkwo 3aranom okpeme 3actocyBaHHs Dex i GCSF
CMPUYMHSANO NPUCKOPEHHs abo YMOBINIbHEHHS HaKo-
NUYeHHs y pereHeparti Vim+-me3eHxiManbHUX KMiTuH,
3yMOBIOBANo NeBHE NMPUCKOPEHHSA HaKoNUYeHHs
GFAP+-pereHepaTOpHYIX LIBAHHIBCHKUX KIMITUH Ta MEBHOKO
MipOI0 3MiHIOBAIIO iXHE CMiBBIQHOLLEHHS, TO KOMMMEKCHE
3acTocyBaHHs umux npenapartiB (Dex + GCSF) amiHuno
KIHETVKY KniTuHHOTO cknagy PerH. Y pesynbrati HOBO-
YTBOPEHUIA (hparMeHT HepBa 3a OyaoBOK HaWbinblue
HabnwkaBcs [0 iHTaKTHOMO MOPIBHSIHO 3 NapaMeTpaMu
TBapwH i3 rpyn C, Dex i GCSF. Kpim Toro, go 7 i 14 pobwn
y pereHeparti HakonuyyBanacs 3HauHa Kinbkicte Vim+
BEMWKMX OKpyrnux abo HenpaBunbHOI hopMuM KIITUH 3
KPYMHUM rOMOreHHO 3abapBreHuM siapoM. IMOBIpHO, Li
KMITUHW € Me3eHXiMarnbH1MKU CTOBOYPOBUMM KIiITUHAMM,
HakonnyeHHs skux ingykosaHo GCSF, a ix nepcmcTenLis
B pereHeparti 3yMOBMeHa ranbMyBaHHsM Dex ixHboro
AndepeHuijtoBaHHs [15].

Kpim Toro, pesynsratom cymicHoi gji Dex + GCSF
cTaB (heHOMEH 3HAYHOTO 3pOCTaHHs ekcnpecii CD73 y
knituHax PerH nig yac ii pospisaHHs (14-28-56 nobu
nicns HespoTomii, puc. 2, CD73, mabn. 1). Y uen vac
BiOyBaETLCS CYTTEBA PEOYKLIS HALIMLLKOBOI KiNbKOCTI
(hibpobracTUiHMX enemeHTiB, AudepeHLitoBaHHS HENpo-
NemMoumTIB i NpopocTaHHst No GHOrHepiBCLKMM CMY>KKaM
ocboBux umniHapis [10]. Mpunyckaemo, Lo 3a Lunx yMoB
6yna mogudikoBaHa peakTvBHa 30aTHICTb Hepornemo-
LmTiB, SIKi BYpXnMBO BIiANOBIAANM HA KOHTAKT 3 OCHOBUMM
umningpamu, kotpi BpocTtanu B PerH. BpaxoBytouu, Lo
CD73 (5™-HykneoTtnaasa) — XKUTTEBO BXXIMBUIA (hEPMEHT
ANs NiATPUMaHHS TKAHWHHOI opraHisauii Ta cnpusie Big-
HOBMoBanbHUM npouiecam [13], i BUCOKy eKcripecito Mox-
Ha OLYIHWTW SIK MO3WUTVBHUIA BNIMB HA pereHepaLito Hepea.

BucHoBKHU

1. [is Dex Ha noyaTkoBMX eTanax OpMyBaHHS
pereHepauinHOi HEBPOMU NPKU3BOAUTL A0 BUPA3HOTO
NPUrHiYeHHs 3ananbHoi peakLii, 3SMeHLUEHHS! LBKUAKOCTI
HaKOMUYEHHs! Me3eHXiManbHMX KNiTWH i 30iNbLLIEHHS Takoi
ANS pEreHepaTopHMX LBAHHIBCLKMX KIITWH.

2. [ia GCSF Ha no4aTkoBKx eTanax hopMyBaHHs
pereHepauinHoi HEBPOMMW CMPUYMHSIE HE3HAYHE Npu-
THiYEHHs1 3ananbHoi peakuii, 36inblUeHHs WBWUOKOCTI
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HaKOMWUYEHHS ME3EHXIManbHMX KMITUH | pereHepaTopHUX
LUIBAHHIBCLKMX KMITUH.

3. OpHouacHa fist Dex i GCSF Ha pereHepalLjiiHy
HEBPOMY, WO (hOPMYETLCS, He TiflbkM NPU3BOAWTL [0
3MiHW OUHAMIKN HaKOMWUYEHHS! B Hill Me3eHXiManbHMX i
HeMpanbHUX KMiTuH, ane 1 Moandikye HOBOYTBOPEHY
AiNsHKy HepBa, Habnvkaroun ii GyaoBy [0 IHTAKTHOI.

4. OpHoyacHa ais Dex i GCSF Ha pereHepauiiiHy
HEBPOMY CYMpPOBOLXYETHCA (PEHOMEHOM 3POCTaHHS
PeaKTUBHOCTI HEMPONEMOLIMTIB Ha eTani NPOPOCTaHHS
Yyepes Hei 0CbOBUX LMITIHAPIB.
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Clinical and prognostic value of parameters of cytokine regulation
in oxygen-dependent patients with the coronavirus disease COVID-19
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Aim of the work is to find out the clinical and prognostic significance of cytokine regulation parameters in oxygen-dependent
patients with COVID-19 coronavirus disease in dynamics of the disease.

Material and methods. 78 oxygen-dependent patients with COVID-19 aged from 52 to 84 years were examined. All patients
were examined and treated in accordance with the regulations in force at the relevant time. The patients were divided into
groups: | group — 38 patients who recovered; Il group — 40 patients with fatal outcome of the disease. In the blood serum of
patients with COVID-19 and 20 healthy individuals, were determined by enzyme immunoassay the content of interleukin (IL)
IL-2 (Elabscience, USA), IL-4 (Affymetrix eBioscience, Austria), IL-6 (Invitrogen, Austria), monocyte chemotactic protein-1
(MCP-1) (Elabscience, USA). Statistical processing was performed in the Statistica 13 for Windows program (StatSoft Inc.,
No. JPZ8041382130ARCN10-J).

Results. The content of IL-2 in the blood serum of oxygen-dependent patients with COVID-19 of both groups was significantly
higher (p <0.001) than in healthy individuals. IL-2 content was higher in patients of Il group (p <0.001) than in patients of | group.
In dynamics, a further increase in content of IL-2 was noted in patients of the Il group (p < 0.05). The diagnostic significance
has been established of the increased level of IL-2 in assessing the high probability of the development of a fatal outcome
of the disease during hospitalization (AUC = 0.698, p = 0.030) and in the dynamics of treatment (AUC = 0.745, p = 0.015).

The content of IL-6 in the blood serum of oxygen-dependent patients with COVID-19 of both groups was also significantly
higher (p < 0.001) than in healthy individuals. However, the level of increase of this cytokine at the time of hospitalization did
not have prognostic value regarding the risk of fatal outcome (AUC = 0.539, p = 0.562). In the dynamics of treatment, the
content of IL-6 in blood serum continued to increase in patients of the Il group (p < 0.01). During this period of observation, a
threshold level of increase IL-6 level was established, which indicates a high probability of the development of a fatal outcome
in these patients (AUC = 0.850, p < 0.001).

The content of chemokine MCP-1 in blood serum at the time of hospitalization in patients of both groups was higher (p < 0.01)
than in healthy people. At the same time, the content of MCP-1 in patients of the Il group was higher (p < 0.05) than in the
patients of the | group. The diagnostic significance of the increased level of MCP-1 was established, which indicated a high
probability of the development of a fatal outcome during hospitalization. In dynamics, there was a tendency (p > 0.05) to
decrease its content (p > 0.05), however, during this period of observation, MCP-1 did not have prognostic value.

IL-4 turned out to be uninformative in prognostic terms for determining the probability of a fatal outcome of COVID-19.

Conclusions. Changes in the parameters of cytokine regulation in patients with COVID-19 during the development of oxygen
dependence are characterized by a significant increase content of IL-2, IL-6 and chemokine MCP-1 in blood serum. The level
of increase of these cytokines has diagnostic value in determining the high probability of the development of a fatal outcome
of the disease at certain stages of observation.

KAiHiKO-NpOrHoCTMUYHe 3HAUYeHHA napameTpiB LUTOKIHOBOI peryaauii
B KUCHEBO3aA€XXHMX XBOPUX Ha KOpPOHaBipycHy xBopo6y COVID-19

0. B. Pa60okoHb, B. B. Yepkacbkui, 0. K. PabokoHb, P. 0. LLlepbuHa

MeTa po60TH — 3'sCyBaTh KNiHIKO-NPOTHOCTUYHE 3HAYEHHSI MapaMeTpIB LMTOKIHOBOI perynsiLii B KUCHEBO3ANEXHUX XBOPUX
Ha kopoHaBipycHy xsopoby COVID-19 y auHamiui xsopobm.

Matepianu Ta meToam. Y JOCMIMKEHHS 3any4nnu 78 kucHeBo3anexHux xsopux Ha COVID-19 sikom Big 52 fo 84 pokis. Yci
XBOpI 0OCTEXEHI, OTpUMany NikyBaHHS 3riAHO 3 YUHHUMM Ha Yac JOCHIIKEHHS NPOTOKonamMu. XBOPUX NOAINMAN Ha rpynu:
| — 38 nauieHTis, siki ogyxanu; Il — 40 oci6 i3 netanbHUM Hacnigkom xBopobu. Y cupoBsartLi kposi xBopux Ha COVID-19 i 20
3A0pOBUX OCi6 METOAOM iIMyHOhEPMEHTHOTO aHani3y B13Ha4anw BMIcT iHTepneiikiHy IL-2 (Elabscience, USA), IL-4 (Affymetrix
eBioscience, Austria), IL-6 (Invitrogen, Austria), MoHoumMTapHoro xemotakTuyHoro npoteiny-1 (MCP-1) (Elabscience, USA).
CratuctiyHo pesynstati onpautoBanu B nporpami Statistica 13 for Windows (StatSoft Inc., No. JPZ8041382130ARCN10-J).

Pesynkratu. BmicT IL-2 y cupoBaTLi KpoBi kKncHeBo3anexHux xsopux Ha COVID-19 o60ox rpyn 3HauHo Buwwmi (p < 0,001), Hix
y 3nopoByx. Y xeopux Il rpynv BmicT IL-2 Buwwmii (p < 0,001), Hix y nauienTis | rpynun. Y anHamili B xsopux |l rpynu BusHayanu
3pocTaHHs BMicTY IL-2 (p < 0,05). BctaHoBWAM fiarHOCTUYHY 3HaYyLLICTb MiaBULLEHHS IL-2 B OLjiHLIi BUCOKOI MMOBIPHOCTI Ha-
CTaHHs NeTanbHOro HacnigKy xsopobw i npu rocnitanisadii (AUC = 0,698, p = 0,030), i B anHamiui nikysanHsa (AUC = 0,745,
p =0,015).
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OpwuriHaAbHI AOCAIAKEHHSA

Bwmict IL-6 y cupoBaTLi kpoBi kucHeBo3anexHux xsopux Ha COVID-19 o6ox rpyn Takox 3HauHo Buwmii (p < 0,001), Hix y
300poBux ocib. MpoTe piBeHb MiABULLEHHS LbOro LMTOKIHY Ha Yac rocnitaniawii He MaB NPOrHOCTUYHOTO 3HAYEHHS LLIOAO
puaunky netanbHoro Hacnigky (AUC = 0,539, p = 0,562). Y auHamiui nikyBaHHs y xBopux Il rpynu BmicT IL-6 B cupoBaTLi kpoBi
npopoBxysaBs 3poctat (p < 0,01). Y Leln TepMiH CnoCTepeXeHHs! BCTAHOBWIM MEXOBUI PiBEHb NiABULLEHHS PiBHSA IL-6, kuin
BKa3yBaB Ha BUCOKY MMOBIPHICTb HAaCTaHHs neTanbHOro Hacniaky B Luux xsopux (AUC = 0,850, p < 0,001).

Bwmict xemokiHy MCP-1 y cupoBaTLi KpoBi Ha Yac rocnitanisawii B nauieHTis o6ox rpyn suwmii (p < 0,01), Hix y 300poBKX.
KoHueHTpauis MCP-1 y xopux Il rpynu Buwa (p < 0,05), Hix y nauieHTis | rpynu. BctaHoBUnM giarHOCTUYHY 3HauyLLicTb
nigeuweHHs MCP-1, wo nig vac rocnitanisawii BkasyBasna Ha BUCOKY MMOBIPHICTb HACTaHHS NETANbHOro Hacniaky. B AnHamii
BCTaHOBWM TeHaeHUito (p > 0,05) fo 3HuxeHHs noro BmicTy (p > 0,05), ane B ueit TepmiH cnoctepexeHHss MCP-1 He maB
MPOrHOCTUYHOTO 3HAYEHHSI.

[MpOrHOCTUYHO HEiHOPMaTUBHUM A1 BU3HAYEHHS AMOBIPHOCTI pU3unKy netansHoro Hacnigky COVID-19 sussuses IL-4.

BucHoBku. 3MiHM napameTpiB LMTOKIHOBOI perynsuii xeopux Ha COVID-19 npu po3BUTKY KMCHEBOI 3aNeXHOCTi XapaKTepu-
3yl0TbCA 3HAYHUM nigBuLLeHHsaM BMiCTY IL-2, IL-6 i xemokiHy MCP-1'y cupoBaTui KpoBi. PiBeHb NiABULLEHHS LUX LUTOKIHIB
Mage [iarHOCTUYHE 3HaYeHHs LWOAO BU3HAYEHHS BUCOKOI MMOBIPHOCTI HAaCTaHHS NETanbHOro HacniaKy XBopobu Ha NeBHUX

eTanax CriocTepeXXeHHs.

Today it is known that the clinical course of the corona-
virus disease (COVID-19) is characterized by significant
polymorphism, from an almost asymptomatic course to
the development of an extremely severe acute respiratory
distress syndrome. Due to the tropism of SARS-CoV-2
to type Il alveocytes, 15 % of patients with COVID-19
develop pneumonia, which is one of the main causes of
death in patients with coronavirus disease [1]. Data from
modern literature show that the development of acute
respiratory distress syndrome in the case of COVID-19
is not so much related to the viral load as to the forma-
tion of an excessive immune response, which leads to a
significant release of pro-inflammatory cytokines, that it
is a development of the so-called “cytokine storm” [1,2].

In addition, the presence of the S-protein in the struc-
ture of the virus, which is the main determinant of its viru-
lence, determines tropism of the pathogen SARS-CoV-2
not only to alveocytes of type II, but also to other cells that
express the receptor of angiotensin-converting enzyme
type 2 on their membrane. These cells also include cells
of the intestinal mucosa, epithelial cells of the distal kidney
tubules, endothelial cells, etc. [3]. Therefore, acute uncon-
trolled hyperproduction of pro-inflammatory cytokines has
a multisystem character and causes the development of
multiple organ insufficiency, which requires hospitalization
of such patients in the Department of Anesthesiology and
Intensive Care (ICU) [1,4,5].

Today, the research of immunopathogenetic mech-
anisms, which are the basis of the formation of the
“cytokine storm”, continues. One of the explanations is
the development of virus-induced cell pyroptosis, which
is a powerful inflammatory form of lytic-programmed cell
death, which is accompanied by the release of pro-in-
flammatory cytokines and causes the migration of mac-
rophages and lymphocytes [6,7]. Significant migration of
lymphocytes into lung tissue explains the development of
lymphopenia in severe and critical patients [8]. In addition,
there is some evidence of changes in innate immunity,
namely a decrease interferon activity during SARS-CoV-2
replication, which explains why macrophages, dendritic
cells, and neutrophils initiate an immune response as
the primary defense of the body [6,9]. Evidence of this is
also significant infiltration by macrophages of lungs and
mucous membrane of the bronchi during the pathomo-
rphological examination of the deceased [10]. Modern
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research works show numerous evidences of the role of
high levels of pro-inflammatory cytokines and excessive
activation of immunocompetent cells in formation of an
unfavorable prognosis of COVID-19 [4,11,12,13].

Therefore, research continues today to clarify the
clinical-pathogenetic role of certainimmune changes and
search for the most informative prognostic immunological
parameters in patients with the new coronavirus disease
COVID-19.

Aim
The purpose of the work is to find out the clinical and prog-
nostic value of the parameters of cytokine regulation in

oxygen-dependent patients with the coronavirus disease
COVID-19 in dynamics of the disease.

Material and methods

The research included 78 oxygen-dependent patients
with coronavirus disease COVID-19 who were treated at
the ICU of the Municipal Non-Profit Enterprise “Region-
al Infectious Clinical Hospital” Zaporizhzhia Regional
Council” during 2020-2021. In all patients, the diagnosis
of COVID-19 was confirmed by isolation of RNA-SARS-
CoV-2 in nasopharyngeal mucus by polymerase chain
reaction method. All patients were not vaccinated against
COVID-19. The age of the patients ranged from 52 to 84
years. There were 42 men, 36 women.

All patients were examined and treated in accordance
with the regulations in force at the relevant time: Order of
the Ministry of Health of Ukraine dated 28.03.2020 No.
722 “Organization of medical care for patients with coro-
navirus disease (COVID-19)” (as amended by the order
of the Ministry of Health of Ukraine dated 17.09.2020 No.
2122 “On amendments to the Standards of medical care
“Coronavirus disease (COVID-19)". Order of the Ministry
of Health of Ukraine No. 10 dated 07.01.2021 “On ap-
proval of amendments to the Standards of medical care
“Coronavirus disease (COVID-19)". Order of the Ministry
of Health of Ukraine dated April 6, 2021 No. 638 “Protocol
for the provision of medical assistance for the treatment
of the coronavirus disease (COVID-19)".

In order to find out the clinical and prognostic value
of parameters of cytokine regulation, oxygen-depend-
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Table 1. Comparison of the cytokine content in the blood serum of oxygen-dependent patients with the coronavirus disease COVID-19 in dynamics,

Me [Q,; Q]

Indicator, Healthy individuals I group (n = 38)
units of measurement | (n = 20)

at the time of admission | after 5-7 days at the time of admission | after 5-7 days

IL-2, pg/ml
IL-4, pg/ml
IL-6, pg/ml
MCP-1, pg/ml

16.82 [2.74; 30.90]
0.06 [0.04; 0.08]
0.62 [0.24; 0.96]
18.3[15.9; 19.45]

95.43 [47.63; 296.97]'
0.08 [0.06; 0.16]'
5.05 [2.74; 16.5]"
38.42 [24.55; 51.08]'

Il group (n = 40)

252.96 [164.00; 332.51]'*  237.10 [168.68; 309.45]'>  366.62 [328.51; 494.28]12
0.08 [0.06; 0.14]
4.39[1.77; 5.40]'
40.45 [23.69; 75.75]'

0.12 [0.06; 0.20]'
5.04 [4.34; 19.77]'
53.48 [34.43; 91.71]'2

0.09 [0.06; 0.21]"
9.92 [5.98; 25.48]'23
52.05 [19.55; 123.74]'

1: the difference is significant, compared to healthy individuals (p < 0.01); 2: compared to the | group patients in the corresponding period of observation (p < 0.05); 3:
compared with hospitalization of patients of the corresponding group (p < 0.05).

ent patients with COVID-19 were divided into groups
depending on the outcome of the disease: group | — 38
patients who recovered; group Il — 40 patients with a fatal
outcome of the disease. The groups of patients did not
differ statistically of gender (p > 0.05) and age (p > 0.05),
and at the time of hospitalization to the ICU, they did
not statistically differ in the degree of severity of acute
respiratory insufficiency (p > 0.05) and the frequency of
the need for non-invasive lung ventilation at the time of
observation (p > 0.05).

The research was carried out in compliance with the
provisions of the “Rules of Ethical Principles of Conducting
Scientific Medical Research with Human Participation”
approved by the Declaration of Helsinki and the legislation
of Ukraine. All patients were included in the research on
a random sign and provided written informed consent.

The content of interleukin (IL) IL-2 (Elabscience,
USA), IL-4 (Affymetrix eBioscience, Austria), IL-6 (Invit-
rogen, Austria), monocyte chemotactic protein-1 (MCP-1)
(Elabscience, USA), according to the instructions provided
by the manufacturers, was determined in the blood serum
of all patients with COVID-19 and 20 healthy individuals of
the control group using the enzyme immunoassay meth-
od. Enzyme immunoassays were conducted on basis of
the Educational Medical Laboratory center of Zaporizhzhia
State Medical and Pharmaceutical University (scientific
consultant — PhD, DSc, R. O. Shcherbina).

Statistical processing was performed in the Sta-
tistica 13 for Windows program (StatSoft Inc., No.
JPZ8041382130ARCN10-J). Non-parametric statistical
methods were used in the work, the investigated quan-
titative parameters are presented in the form of Me [Q,;
Q,.]. The Mann-Whitney test was used to assess the
reliability of differences between quantitative traits in
independent samples. The Wilcoxon test was used to
assess the reliability of differences between quantitative
traits in dependent samples. ROC analysis was used to
cut off the threshold level of the indicator.

Results

Based on the results of the research, it was established
thatin oxygen-dependent patients with COVID-19, chang-
es in cytokine regulation system were characterized by
a significant increase in the level of pro-inflammatory
cytokines. Patients were admitted to ICU in the second
week of illness, namely patients of the | group by 9.0 [7.0;
11.0]day of illness and patients of the Il group by 8.0 [6.0;
11.0 ] day of illness (p > 0.05).

The analysis of the content of IL-2 in blood serum
showed that when patients were hospitalized to the ICU
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due to the development of oxygen dependence, the level
of IL-2 was significantly higher, compared to the level of
healthy individuals, as in patients of group | (by 5.7 times,
p <0.001), as well as in patients of the Il group (by 14.1
times, p < 0.001). A comparison of IL-2 content in blood
serum showed that at the time of hospitalization, this
indicator was statistically significantly higher (p < 0.05)
in the Il group of patients, who later died of the disease,
compared to the | group of patients, who later reco-
vered. The analysis of the IL-2 content in blood serum
in dynamics after 5—7 days of treatment showed that in
patients of the | group this indicator had only a tendency
to increase (p > 0.05), while in patients of the Il group a
further statistically significant increase was noted growth
(p <0.05) (Table 1).

The content of IL-6 in blood serum during hospitaliza-
tion of oxygen-dependent patients to ICU was 8.1 times
higher, compared to the indicators of healthy individuals
in patients of group | (p < 0.001) and in patients of group
Il (p <0.001). At the same time, the degree of its increase
at the time of hospitalization when comparing patients of
the | and Il groups did not statistically differ (p > 0.05).
Analysis of IL-6 content in blood serum in dynamics after
5-7 days of treatment showed that the IL-6 content in
blood serum had a tendency (p > 0.05) to decrease in the
| group patients who subsequently recovered. However, in
patients of the Il group, conversely, the level of IL-6 con-
tinued to increase and was higher (p < 0.01), compared
to the content of this cytokine during hospitalization of
patients of the corresponding group. Comparison of IL-6
content in the blood serum of patients of the investigated
groups after 5-7 days of treatment also showed a higher
level in patients of the Il group, compared to the | group
(by 2.3 times, p < 0.05) (Table 1).

The analysis of the content of IL-4 in the blood serum
of patients with COVID-19 showed its moderate increase
in patients of both investigated groups at the time of
hospitalization, compared to healthy people (p <0.05). In
dynamics of patients of the | group, a clear trend towards
its decrease was noted (p > 0.05), compared to the cor-
responding indicator at the time of hospitalization, and
after 5-7 days of treatment, this indicator did not statisti-
cally differ from the content of IL-4 in the blood serum of
healthy individuals (p > 0.05). In patients of the Il group,
the content of IL-4 in blood serum also had a tendency
(p > 0.05) to decrease, but after 5-7 days of treatment it
remained higher (by 1.5 times, p < 0.05) than in healthy
individuals (Table 1).

When analyzing the content of MCP-1 in blood serum,
which is a chemokine, it was established that at the time
of hospitalization to the ICU due to the appearance of
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oxygen dependence, this indicator was higher in patients
of both investigated groups than in healthy people: in
patients of the | group by 2.1 times (p < 0.01), in patients
of the Il group by 2.9 times (p < 0.01). A comparison
of the content of MCP-1 in blood serum of patients of
investigated groups at the time of hospitalization to the
ICU showed a statistically significantly higher (p < 0.05)
its content in patients of the Il group, who later died of
the disease, compared to patients of the | group, who
later recovered. In dynamics against the background of
treatment, a tendency (p > 0.05) to decrease the content
of MCP-1 in blood serum was noted in patients of both
investigated groups, however, this indicator after 5-7 days
of treatment remained higher (p < 0.01) than in healthy
individuals (Table 1).

ROC analysis was carried out in the further part of our
research, taking into account the established changes in
the content of the investigated cytokines to assess their
diagnostic significance in assessing the risk of developing
an adverse course of the disease of COVID-19.

When assessing the diagnostic significance the con-
tent of IL-2 in blood serum at the time of hospitalization of
patients with COVID-19 to the ICU with the appearance

Maronoris. Tom 20, Ne 2(58), TpaBeHb — cepneHb 2023 p.

of oxygen dependence, according to the results of the
ROC analysis, it was established that the threshold level
of IL-2 in blood serum, which indicates the high probability
of the development of a fatal outcome of the disease in
oxygen-dependent patients with COVID-19 was 96.65
pg/ml (AUC = 0.698, p = 0.030) (sensitivity — 85.71 %,
specificity — 56.25 %) (Fig. 1A). The level of IL-2 in blood
serum retained its diagnostic significance in the dynamics
of observation. Namely, after 5-7 days of treatment, the
threshold level of IL-2 in blood serum, which indicates a
high probability of developing a fatal outcome of the di-
sease in these patients, was 338.03 pg/ml (AUC = 0.745,
p = 0.015) (sensitivity — 61.54 %, specificity — 87.50 %)
(Fig. 1B).

Analysis of the diagnostic significance the content of
IL-6 in blood serum of patients with COVID-19 showed
that at the time of hospitalization of patients to the ICU, the
level of increase of this cytokine in relation to the assess-
ment of the prognosis of the fatal outcome of the disease
turned out to be uninformative (AUC = 0.539, p = 0.562)
(Fig. 2A). However, according to the results of the ROC
analysis, after 5-7 days of treatment of oxygen-depend-
ent patients, a threshold level of increase of this cytokine
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of 7.34 pg/ml was established, which indicates a high
probability of the development of a fatal outcome in these
patients (AUC = 0.850, p < 0.001) (sensitivity — 72.73 %,
specificity — 90.62 %) (Fig. 2B).

When conducting ROC analysis, the diagnostic
significance of IL-4 content in blood serum for predicting
the development of a fatal outcome in oxygen-dependent
patients with the coronavirus disease COVID-19 was not
established. The threshold level content of IL-4 in blood
serum was not established at the time of hospitalization of
patients to the ICU (AUC = 0.574, p = 0.246) (Fig. 3A), and
in the dynamics after 5-7 days of treatment (AUC = 0.576,
p = 0.285) (Fig. 3B).

The conducted ROC analysis to establish the diag-
nostic significance of the MCP-1 content in blood serum
for predicting the development of a fatal outcome in
oxygen-dependent patients with the coronavirus disease
COVID-19 established a threshold level of this cytokine
at the time of hospitalization of 46.41 pg/ml, which indi-
cates a high probability development of a fatal outcome
in these patients (AUC = 0.691, p = 0.008) (sensitivity —
68.97 %, specificity — 70.37 %) (Fig. 4A). However, in the
dynamics of observation after 5-7 days of treatment, this

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

indicator no longer had a prognostic value (AUC = 0.560,
p = 0.630) (Fig. 4B).

Discussion

In research devoted to elucidating the immunopatho-
genesis of COVID-19, IL-6 attracts special attention.
This cytokine is able to produce almost all immune cells,
endothelial cells, fibroblasts, etc. The chemical structure
of IL-6 is a glycoprotein that can exhibit pro-inflammatory
and anti-inflammatory properties [14]. The main immuno-
modulatory role of IL-6 is related to the development of the
pro-inflammatory CD4* T-cell response. Under the influ-
ence of IL-6, the cytotoxic activity of CD8*lymphocytesis
stimulated, IL-6 is able to regulate the activity of T-helper
type 17, etc. In addition, IL-6 plays a role in differentia-
tion of B-lymphocytes and the subsequent production
of antibodies [15,16]. In research devoted to the study
of immunopathogenesis of COVID-19, the relationship
between an elevated level of IL-6 and the development of
a “cytokine storm” has been proven [9,17,18,19,20]. The
highest level of IL-6 is associated with the development
of a severe course of COVID-19 and its complications.
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Thus, in the research [17] it was demonstrated that high
levels of IL-6 in blood serum were recorded in 86.8 %
of hospitalized patients, of which 22.3 % had a level of
increase of this cytokine more than 10 times higher than
that of healthy people. Taking into account the certain
prognostic value of this cytokine, proposals have been
made for continuous measurement content of IL-6 in
patients with COVID-19 [21,22].

According to the results of our research there was
demonstrated a significant increase in contents of IL-6
in blood serum of oxygen-dependent patients who were
hospitalized to the ICU compared to healthy people
(p<0.001). However, it should be noted that at the time of
admission of oxygen-dependent patients with COVID-19
to the ICU, the level of increase of this indicator had no
prognostic value in determining the risk of a fatal outcome
(AUC = 0.539, p = 0.562). In the research [9], a similar
pattern was also obtained regarding the content of IL-6 in
hospitalized patients. It was demonstrated that the level
of its increase in hospitalized patients who needed and
did not need intensive therapy did not differ statistically
[9]. The data obtained in our research made it possible
to demonstrate the prognostic significance of measuring
content of IL-6 in the dynamics of treatment of oxygen-de-
pendent patients with COVID-19. Namely, after 5-7 days
of treatment in ICU, the threshold level of this cytokine
was calculated, which indicated a high probability of a
fatal outcome of the disease (AUC = 0.745, p = 0.015).

In the research [23], the authors also pay attention to
the peculiarities of the dynamics of the immune response
in patients with a severe course of COVID-19. At the end
of the second week of the disease that intensity of the
immune response increases more than it should, which
is accompanied by the release of a significant amount of
pro-inflammatory cytokines and is associated with severity
of the disease and higher mortality [23]. In the research
[17], it was also proven that in hospitalized patients with
COVID-19, the number of neutrophils increases, and the
number of monocytes in blood decreases in accordance
with the increase in the level of IL-6, which indicates
the inability of IL-6 to fulfill its protective and regulatory
role in cellular structures of the innate immunity of these
patients, and the continuation of the acute phase and
the accumulation of neutrophils lead to tissue damage.

In research devoted to the study of the features of the
“cytokine storm” in patients with SARS-CoV-2 infection,
it was noted that during its formation, a wide range of
cytokines, including chemokines, are released [24,25].
Chemokines are proteins with low molecular weight
and potent chemotactic activity that play a role in the
recruitment of immune cells during inflammation. Their
chemotactic abilities are caused by binding to receptors
that are associated with G-protein, which are expressed
on the membranes of leukocytes and endothelial cells
[26,27]. One of the leading chemokines is MCP-1, the
production of which is induced by products of oxidative
stress, other cytokines , or growth factors. Monocytes and
macrophages are the main source of MCP-1, which re-
gulates the migration of T-cells and natural killer cells [28].
When studying the immunopathogenesis of COVID-19,
an elevated level of MCP-1 was found in bronchoalveolar
lavage fluid [29] and postmortem in lung tissue [30], which
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is a clear evidence of the participation of MCP-1 in the
pathogenesis SARS-CoV-2 infection. In the research [31]
it was proven that the expression of MCP-1 increases
rapidly in early phase of infection and then progressively
decreases. This gave the reason to the researchers to
claim that monitoring the level of MCP-1 and therapeutic
response to increasing the level of this chemokine may
be a promising strategy to prevent the progression of
COVID-19 from a mild to severe course.

According to the results of our research, an increase
in the level of MCP-1 in blood serum of oxygen-dependent
patients with COVID-19 at the time of hospitalization to the
ICU was established, compared to healthy people. At the
same time, the MCP-1 content in blood serum was statisti-
cally significantly higher in patients who subsequently died
of the disease than in patients who subsequently recove-
red. We established a threshold level of MCP-1 elevation,
which indicated a high probability of a fatal outcome of the
disease (AUC = 0.691, p = 0.008) precisely at the time of
admission to the ICU. The regularity established by us is
also confirmed by the results of research by other authors,
who found that the level of MCP-1 increase in blood serum
is higher in those who required hospitalization to the ICU,
which indicates a connection between chemokines and
lung damage and, accordingly, the severity of the disease
[9]. However, it should be noted that some researchers
report that MCP-1 content in blood serum is also elevated
in patients with a mild form of the disease of COVID-19
[32], so the question remains open regarding the diag-
nostic and prognostic value of this indicator for patients
with a mild course of COVID-19.

The production of pro-inflammatory cytokines in sig-
nificant quantities during the development of a «cytokine
storm» indicates the hyperactivity of the immune system,
which causes the migration ofimmunocompetent cells into
the lung tissue, primarily monocytes and T-lymphocytes.
This leads to the formation of inflammatory infiltrates in
interstitium of the lungs with a predominance of mono-
nuclear lymphocytes, which is combined with the deve-
lopment of significant lymphopenia with the circulation
of hyperactive T-lymphocytes in peripheral blood [4,33].
“Cytokine storm” is characterized by an increase in the
level of many pro-inflammatory cytokines IL-1, IL-6, IL-7,
tumor necrosis factor-a, interferon-y, in particular IL-2
[1,4,19,20]. It is believed that IL-2, using the IL-2R-JAK-
STAT5 signaling pathway, induces the differentiation of
CD4* T-lymphocytes, CD8* T-lymphocytes, and normal
killer cells [34]. This explains the detection of a high level
of IL-2 and its soluble receptors in the severe course of
COVID-19 [11]. However, the role of IL-2 in the immuno-
pathogenesis of COVID-19 remains insufficiently eluci-
dated. There are also isolated research that demonstrate,
conversely, a decrease IL-2 content during a severe
course of COVID-19 [35].

The results of our research demonstrate a significant
increase in the level of IL-2 in blood serum of oxygen-de-
pendent patients with COVID-19 upon admission to
the ICU and a further increase its level in the dynamics
of treatment after 5-7 days. We established a certain
diagnostic significance content of IL-2 in blood serum at
the time of hospitalization (AUC = 0.698, p = 0.030) and
in the dynamics of treatment (AUC = 0.745, p = 0.015).
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We set the corresponding threshold levels IL-2 in blood
serum indicates a high probability of the development
of a fatal outcome of the disease in these patients. The
results of our research coincide with the results of most
other researchers, who also confirm the association of a
high level of IL-2 in blood serum with severe and critical
course of COVID-19 [1,4,11,19,20]. A research [9] also
demonstrated that the level of increased IL-2 in blood
serum is higher in those who required hospitalization for
ICU, suggesting a link between this cytokine and lung
damage and, accordingly, disease severity. Today, it is
suggested that one of the causes of lymphopenia, the
progression of which is considered to be an unfavorable
prognostic sign [36,37], should be considered lymphocyte
apoptosis, which is precisely associated with hypercy-
tokinemia [38,39].

Much fewer works are devoted to clarifying the role of
anti-inflammatory cytokines in the immunopathogenesis
of COVID-19. However, in the research [9] attention was
drawn to the fact that SARS-CoV-2 infection initiated
a much more pronounced secretion of T-helper type 2
cytokines, in particular IL-4 and IL-10, in contradistinction
to SARS-CoV infection, in which significant increase
the level of these cytokines was not observed [40]. It is
considered that SARS-CoV-2 antigens contribute to the
release of interferons of types I and I, IL-1B, IL-4, IL-6 and
interferon-y [41]. However, when assessing the cytokine
profile in patients with a severe course of COVID-19,
according to researchers [42], low concentrations of type |
interferons and increased levels of tumor necrosis factor-
a, interferon-y, IL-1B, IL-4, IL-6, IL-7 and chemokines were
detected. The results of our research also demonstrate an
increase the levels of the studied cytokines, however, the
level of increase pro-inflammatory cytokines was signif-
icantly higher than IL-4. In addition, we did not establish
the diagnostic significance of the increased level of IL-4 in
assessing the risk of an adverse outcome of the disease
when patients are admitted to the intensive care unit and
in the dynamics after 5-7 days of treatment.

Conclusions

1. In oxygen-dependent patients with COVID-19, the
content of pro-inflammatory cytokines IL-2 and IL-6 is sig-
nificantly increased at the time of hospitalization (p <0.01),
compared to healthy people. Diagnostic value in determin-
ing the high probability of death and the development of a
fatal outcome COVID-19 at the time of hospitalization has
an increased level of IL-2 (AUC = 0.698, p = 0.030), and in
the dynamics of treatment as IL-2 (AUC = 0.745, p = 0.015),
and IL-6 (AUC = 0.850, p < 0.001).

2. At the time of admission of oxygen-dependent
patients with COVID-19, the content of chemokine MCP-1
in blood serum is higher than in healthy individuals
(p<0.001), and the level of its increase during this period
of observation has diagnostic value in determining a high
probability of the development of a fatal outcome of the
disease (AUC = 0.691, p = 0.008). In the dynamics of
treatment, the content of this cytokine tends to decrease
(p > 0.05), but its level no longer has a prognostic value.

3. The content of anti-inflammatory cytokine IL-4
in blood serum of oxygen-dependent patients with
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COVID-19 during hospitalization is slightly increased
(p < 0.05), compared to healthy patients. The level of
increased IL-4 has no diagnostic value in terms of deter-
mining the probable stage and development of the fatal
outcome of the disease at all stages of observation.
Prospects for further research. In our opinion, a
promising direction for further research is to establish the
prognostic significance of cytokine regulation parameters
in patients with a severe and critical course of COVID-19
when various options of immunotropic treatment are used.
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NaTtomopdonoriuHui aHaAi3 GpyHbKYBaHHS
B KOAOPEKTaAbHMX KapLMHOMaX

l. C. LUnoHbka®*AE Q. B. MocnaBebka®*1CE |, K, Xapxanic®?EC, T, B. LUMHkapeHko®*CP

*AHINPOBCLKMIA AEPXABHUIA MEAUUHUI YHIBEPCUTET, YKpaiHa, 2YXropoACbKIUi HaLLiOHaAbHUIA YHIBEPCUTET, YKpaita

OpwuriHaAbHI AOCAIAKEHHSA

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuWX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

3axBOpIOBaHICTb | CMEPTHICTb, CIpUYMHEHa KonopekTanbHUM pakoM (KPP), 3anuiwaeTbes akTyanbHo npobnemoto cyyac-
HOI OHKONOrii. IHTEHCMBHE BPYHBKYBaHHSI BBaXa@toTb BaxIMBUM (DaKTOPOM NPOrHO3y ripLioro kniHiyHoro nepebiry KPP, wo
MOXe BNNMBAaTW Ha yYXBamneHHs KMiHiYHMX pilleHb LWOAOo 3aCTOCYBaHHS pO3LUMpeHnX BTpyyaHb npu pT1 Ta |l cTagii, 3rigHo 3
BUCHOBKOM MiXHapOAHOI KOHCEHCYCHOT KoHdepeHLi 3 6pyHbKyBaHHS nyxnuH 2016 poky.

MeTa po60Tu — OLHATY NPOrHOCTUYHY 3HAYYLLICTb GPYHBbKYBAHHS 3anexHO Bif KMiHIKO-MOPEOMOriYHNX XapaKTEpPUCTHK
KONopeKTanbHX KapLyHOM.

Marepianu Ta metoau. Jocnigunu kniHiko-aHaToMiyHui Matepian 31 navjeHTa 3 KPP (14 xiHok i 17 yonosikis), Lo nepeby-
Banu Ha nikyBaHHi B 2 xipypriuHomy BigaineHHi KIM «[JHinponeTpoBcbka obnacHa kniHivyHa nikapHs imei |. |. Meununkosay JOP
B nepiop 3 2019 go 2021 poky. Bik nauieHTiB ctaHoBMB 27-84 poku, cepeaHin Bik — 62,3 + 14,8 poky. 3aiicHuny rictonorivyHe
focnigxeHHs 3paskiB KPP 3 oLiHIOBaHHAM «rapsiimx AinsHOK» iHBa3MBHOIO (OPOHTY Ta iMyHOriCTOXiMIYHe focnimkeHHs 3 PAN
CK AE 1/3, Ki-67, MUC2, caspase-3, B-catenin ans poapaxyHky KinbKoCTi KnacTepiB MyXSIMHHWX KITiTUH.

Pesynkratu. Y TpeTuHi 3paskis BU3HauMnm po3BiKHOCTI HE TiNbKy 3a KiNbKICTHO KnacTepiB, ane i 3a KaTeropieto OpyHbKyBaHHS!
B pasi 3abapBreHHs: PyTUHHUM Ta iIMYHOTICTOXiMIYHMM MeTopamu. MNeputymoparbHe OpyHbKYBaHHS iHBA3MBHOMO (OPOHTY 3
kaTeropieto Bd3 3aBxaw cynpoBoaKyBanoch iHTpaTymopansHAM BpyHbKYBaHHSIM Pi3HWX CTYMNEHIB iHTEHCUBHOCTI. AHani3 pos-
noginy rpagavin 6pyHbKyBaHHS KONOPEKTanbHUX KapLyYHOM 3a CTaTTHo, BiKOM XBOPUX, JToKarnisaLi€to, ricTonoriYHum cTyneHem
andepeHLitoBaHHs, HasBHICTIO METACTA3iB HE MOKa3aB CTATUCTWUYHO BIpOriaHi BigMiHHOCTI (p > 0,05). Lie Moxe cBigunTi npo
He3anexHiCTb Lboro haktopa Ta MPOrHO3y BUXMBAHOCTI NALiEHTIB. IHTEHCWBHICTb BPYHbKYBaHHS KOTOpEKTarnbHUX KapLy-
HOM 3anexHo Big ekcnpecii Mapkepis Ki-67, caspase-3 i f-catenin He nokasana LOCTOBIpHOI pisHuLi B nigrpynax (p > 0,05),
ane mana TeHOeHLjto 40 30inbLUeHHs KiNbKOCTi OpYHbOK i3 MiABULLEHHSAM iHAeKcy nponicdpepaulii Ta 3HWKEHHAM akTUBHOCTI
MpoanonToTUYHOTO EH3UMY caspase-3.

BucHoBku. AKLLO KinbKiCTb OPYHBOK, LU0 BU3HAYEHA CTaHAAPTU30BaHUM MeToaoM 3abapeneHHs H & E, Buknukae cymHisn
Ha Mexi kateropii Bd1 i Bd2 a6o Bd2 i Bd3, MoxnmBe 3aHWKeHHs CTyneHst GpYHbKYBaHHS MOPIBHAHO 3 3a6apBrieHHsIM
iMyHOrICTOXIMIYHM METOLOM, OCKIrNbKI BUKIOYEHI XMBHO iHTepnpeToBaHi MopdonorivHi 06'eKT sk knacTepu nyxnuHu. Haii-
HaAiMHILXIA iIMYHOTICTOXIMIYHWIA MapKep AN KOHTPACTHOTO BU3HAYEHHS! BPYHLOK — KOKTEWSb i3 LIMTOKepaTUHIB.

Pathomorphological analysis of budding in colorectal carcinomas

I. S. Shponka, 0. V. Poslavska, I. K. Kharkhalis, T. V. Shynkarenko

Morbidity and mortality from colorectal cancer (CRC) remains a current problem of modern oncology. Intensive budding is an
important prognostic factor for a worse clinical course of CRC and may influence clinical decision-making regarding the use
of extended interventions in pT1 and stage Il, according to the conclusion of the 2016 International Consensus Conference
on Tumor Budding.

The aim of the work is to evaluate the prognostic significance of budding depending on the clinical and morphological cha-
racteristics of colorectal carcinomas.

Materials and methods. The article deals with clinical and anatomical material of 31 patients with CRC (14 women and 17
men) who were treated in the 2nd surgical department of the SE “Dnipropetrovsk Regional Clinical Hospital” in the period
from 2019 to 2021. The age of the patients varied of 27-84 years old (average age — 62.3 + 14.8 years old). A histological
examination of CRC samples was carried out with an assessment of “hot areas” of the invasive front and an immunohisto-
chemical examination with PAH CK AE 1/3, Ki-67, MUC2, caspase-3, B-catenin to calculate the number of tumor cell clusters.

Results. In one third of the number of samples, differences were determined not only in the number of clusters, but also in
the budding category when stained by routine and immunohistochemical methods. Peritumoral budding of the invasive front
with category Bd3 was always accompanied by intratumoral budding of varying degrees of intensity. The analysis of the
distribution of gradations of budding of colorectal carcinomas by gender, age, location, histological degree of differentiation,
and the presence of metastases did not show a statistically significant difference (p > 0.05), which may indicate the inde-
pendence of this factor on the prognosis of patient survival. The intensity of budding of colorectal carcinomas depending on
the expression of markers Ki-67, caspase-3 and -catenin did not show a significant difference in subgroups (p > 0.05) but
showed tendencies to increase the number of budding with an increase in the proliferation index and a decrease in the activity
of the proapoptotic enzyme caspase-3.
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Conclusions. If the number of buds on the border of categories Bd1 and Bd2, or Bd2 and Bd3, determined by the standardized
method of H & E staining is doubtful, the degree of budding may be underestimated in comparison with staining by the
immunohistochemical method, due to the exclusion of falsely interpreted morphological objects as tumor clusters; the most
reliable immunohistochemical marker for contrast separation of buds is a cocktail of cytokeratins.

3axBOPIOBAHICTb | CMEPTHICTb, CMPUYMHEHA KONOPEKTanb-
HUm pakom (KPP), 3anmiwaeTbCst akTyarnbHO NpobreMoto
CcyyacHoi oHkororii. Yepes LUMpoKe BUKOPUCTAHHS CKpU-
HiHry Ta po3pobneHHst epeKTUBHUX METOAIB NiKyBaHHS
paHHix dhopm KPP Ta obniraTHUX nepeapakoBuX CTaHiB,
Mana 6u nNpocTexyBaTUCh TEHAEHLS 0O 3MEHLLEHHS
3aXBOPHOBAHOCTI Ta cMepTHOCTi Bi KPP B 0CTaHHi poku,
i Mpo Lie NOBIZOMMANM B AEAKUX PO3BUMHEHUX KpaiHax:
Ascrpii, llokcembypai, HimeuwuuHi, 13paini Towo. OpHak
TeMny 3aXBOPIOBAHOCTI Ta cMepTHocTi Big KPP y kpaiHax,
L0 PO3BMBAKOTLCS Ta paHille Manu BiAHOCHO HW3bKi
NOKa3HUKKL, MOMITHO 3pocnu, SKk-0T Y PymyHii, Mongosi,
Exsapopi, Kutai Towo [1,2,3,4,5].

3a gaHMmmn BcecBiTHLOI opraHisallii 0XopoHu 3a0-
poB’s, KPP € TpeTiM 3a MOLUMPEHICTIO pakoM Yy CBITi:
y 2022 poui 3acikcoBaHo 1,85 MNH HOBUX BUMAAKIB i
850 Tnc. cmepTen. MNporHo3 3poCTaHHs 3aXBOPIOBAHOCTI
Ha 2040 pik, BCTQHOBMEHUIN HA OCHOBI CTAaTUCTWKK, — 0O
3,2 mrH [6,7,8].

Y 2021 poui KPP nocigas npoBigHi Micus B CTPYKTYpi
3aXBOPHOBAHOCTI Ha 3M105IKICHi HOBOYTBOPEHHS! B HACENeEH-
Hs YKpaiHu Bikom noHag 55 pokiB: B 4onogikiB — 3 Ta 4
MicLs 3 nokanisadieto B 06040BiN | NpsMil KMLLIKaX Bigno-
BiAHO, B XiHOK —4 Ta 5 micus BianoBiaHo. 3a3HaunMmo, Lo
y CTpyKTYpi cMepTHOCTI Big KPP Ans vonosikie poanogin
BUSIBUBCS HVXKYMM 32 NMOKa3HMKM 3aXBOPIOBAHOCTI (4 Ta 5
micLs ans 06ogoBoi Ta NpsIMOI KLLKK BiAMOBIAHO), @ Ans
XIHOK reThb iHLWMM — 2 MiCLie B CTPYKTYpi CMEPTHOCTI Anst
MyxrnuH 060A0BOI KULLKW B OCi6 BikoM 55-74 poku, 2 i 3
MiCLAl — B NaLiEHTOK BikOM NMOHaZ 75 pokiB 3 nokanisawlieto
B 000M0BIN | NpAMIl KMLWKaX BignoBigHo. MpuinHamm BBa-
XaloTb SKICHI 3MiHW B Xap40OBUX NPOAYKTaX, LLO OCTaHHIM
YyacoM € pad)iHoBaHUMU | He TakumK 36anaHcoBaHUMU,
SIK HaTyparbHi, LLO MICTUMK KNITKOBUHY, BiTaMiHK, MiKpPO-
€reMeHTV B JOCTaTHIX KinbkocTtax [9].

OTxe, NPOrHo3yTh CTabinbHe 3pOCTaHHA 3axBo-
PHOBAHOCTI Ha 3MOsKiCHi HOBOYTBOpeHHsT 060a0BoI Ta
NPAMOI KWLLIOK | B YOMOBIKIB, i XKIHOK, SIKi MPOXWBaOTh
B YkpaiHi, 3 nepeBaxaHHsM PiBHA CMEPTHOCTI B XiHOK
[9]. Ymmano mrepen chaxosoi nitepartypyu cBig4aTh, Lo
BIKMBaHICTb xBopyx Ha KPP Ge3nocepeaHbo 3anexuTb
Bi[j CBOEYACHOCTi BUSIBIIEHHS 31105IKICHOI MyXIMHW, | TOMY
MOKa3HWK BiAHOCHOI M'ATUPIYHOI BUKMBAHOCTI XBOPKX i3
paHHiMu ctagismu KPP y 8—10 pasi kpaLLmil NopiBHAHO
3 3aHen6aHMMM KNiHiYHUMK Bunaakamu [4,5,6].

MopdonoriuHi 4ocnigXeHHs nokasanu: BUCOKUN
piBeHb NyXMUHHUX BPYHLOK iHBA3MBHOTO (PPOHTY B
KOMopeKTanbHi KapLIMHOMi aCOLIIOETLCS 3 MiPLUMM MPO-
THO30M, BKITKOHaK04M BULLII PU3VK PeLianBY 3aXBOPHO-
BaHHS Ta 3HWXEHHS 3aranbHOi BUXMBAHOCTI. [TyXnuHHI
OpYHbKM — HEBENMUKI CKYMYEHHS! 3MOSIKICHUX KMITUH, WO
BiJOKPEMITIOIOTLCS Bif OCHOBHOI MyXMWHHOI Macu Ta
NPOPOCTaKTh Y HABKOMMWLLHI TKaHWHW. [JoBeaeHo, Wwo
npy KoNopeKTanbHi KapLUMHOMI HAasBHICTb MYXMUHHKX
OpYHbOK — BaXKNMBWIA MPOrHOCTUYHWIA (DAKTOP, @ OTXKE €
KOPWCHWM Nif Yac NPOrHo3yBaHHs pe3ynsTarTiB NikyBaHHs
nauienis [10].
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Kpim TOro, 6pyHbKyBaHHS MOB’A3aHe 3 NiABULLEHO0
iIMOBIPHICTIO MeTacTasyBaHHS B NiMaTvyHi By3nu, Lo
TaKoX MOXe MOripLWUTV NPOrHo3 [4]. ToMy HasBHICTb i
piBEHb MyXNMHHUX BpyHBbOK Y KPP — Baxknueuii chakTop
[NS BUBHAYEHHS TSHKKOCTI 3aXBOPIOBAHHS Ta yXBaneHHS
pilleHHs Wwoao nikyBaHHs. Lle Takox Moxe AonoMorTu
BUSIBUTY NaLeHTIB, sIki NoTpebytoTb GinbLL arpecuBHOrO
nikyBaHHs1 260 peTenbHiLLoro cnocTepexeHHs [11].

Merta po6otu

OUiHUTU NPOrHOCTUYHY 3HAYyLiCTb GPYHbKYBaHHS
3aMeXHO Bif KNiHIKO-MOPMONOriYHNX XapaKTepUCTMK
KONOpeKTanbHUX KapLyHOM.

Martepianu i meToAU AOCAIAKEHHA

Jocnignnu kniHiko-aHaToMiYHMIA MaTepian 31 naujeHta
3 KPP (14 xiHok i 17 4onogikiB), L0 ogepxanu nig vac
onepauii (npaBobiyHa reMiKoneKkToMisi, pe3eLis curmo-
nogibHoi KMLLIKK, onepaLlis MapTmaHa, pesekLis nonepey-
HO-00010BOT KMLLIKK, Pe3eKList kIy6oBoi KuLLkw). Yci xBopi
nepebyBanu Ha nikyBaHHi B 2 XipypriyHomy BingineHHi
KM «[HinponeTpoBcbka obnacHa KniHivyHa nikapHs iMeHi
I. 1. Meynukosa» [IOP B nepioa 3 2019 go 2021 poky. Bik
nauieHTiB cTaHOBWB B 27 00 84 pokiB, cepenHii Bik —
62,3 + 14,8 poky.

[ocnioXeHHs cxBaneHo Komicieto 3 GioeTnku
OBH3 «YXropoacbkuii HauioHanbHUA YHIBEPCUTET»
(BuTAr 3 npotokony 3acigaHHs Ne 7/16 Big 30 BepecHs
2020 p.), 3gicHeHe BignoBigHO 4O NpuHUMMIB GioeTn-
Ku, WO BuKnageHi B MenbCiHCbKiM geknapauii « ETUYHi
NPVYHLMNY MEAVMYHUX JOCTIMKEHb 3a y4acTio NMofeit» Ta
«3aranbHii aeknapadii npo 6ioeTuky Ta npaea NKAUHU
(KOHECKO)». Yci nauieHTv Haganm nucsMoBy iHPOpMO-
BaHy 3rofly Ha y4acTb y JOCTIMKEHHI.

3a ricTonori4yHoto Gy0BOI0 BCi CNOCTEPEXEHHS — KO-
nopekTarnbHi kapuMHoMu. BusHauunnu rictonorivHi nigtu-
nu: ageHokapumHoma (AK) HecneumdikoBaHa NOS — 17
BUNagkiB, 3ybyacta AK — 5 Bunagkis, MikponaninspHa AK
— 3 Bunagku, meaynsapHa AK — 3 Bunagku, MmyumHosHa AK
— 1 BNapgok, nepctHenogioHokniTHHa AK — 1 BUNagok,
AK tny like-adenoma — 1 Bunagox.

lMpaBobiyHy nokanisavito (y BUCXigHi YacTuHi 0bogo-
BOI KWLLIKW, NEYIHKOBOMY KyTi, NONepe4Ho-00600Bil KALLLL)
BMU3HauMnu B 17 Bunagkax, NisobiyHy (B cenesiHkoBoMy
KyTi, PEKTO-CUIMOIZHOMY CMOMyYeHHi, CUrMOnoaibHIn
Ta NpsAMIN kuwi) — B 14 Bunagkax. binbLicTb nyxnuH
nokanisyBanuck y cninin Ta 06040BiN KMLLKaX.

Martepian noginunu Ha ABi rpynu 3anexHo Bif HasiB-
HocTi MeTacTasiB: 6e3 MeTactasiB — 26 KPK, 3 meTacta-
3amMu — 5 cnoctepexeHb (4 BUNagky — y niMaTnuHmnx
By3nax YePEBHOI MOPOXHUHU, 1 — Y MeviHLi).

licTonoriyHmih MeToa JocnimkeHHSA. 3pasku nyx-
nuH KPP, dhikcoBaHi B hopmaniHi 1 3anuTi napadiHom,
B3sTO 3 apxiBy K3 «[JHinpoBcbke obnacHe natomnoro-
aHaToMi4He Gtopoy. 3pian 3aBTOBLLKM 4 MKM 3p00MNM Ha
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mikpotomi Microm HM-340, 3abapsneHi 3a ctaHaapTHOO
METOVMKOIO reMaToKCUIIHOM Ta eo3nHOM [12].

IMyHoricToximiuyHuin MeTog 3a6apBneHHs. Kpim
3BMYaIHOTO FiCTOMOrYHOMO AOCHimKEHHS (3abapBneHHs
remMaToKCUIiHOM Ta €03UHOM), 3IAICHUIN iIMyHOTICTOXIMIY-
HUI aHani3 3a npotokonamu TermoScientific (TS) 3 nep-
BUHHUMW aHTWTINaMu £o kepatuHy, Pan (knoH AE1/AES,
RTU), Ki-67 (sp6, 1:250), MUC2 (sp1, RTU), caspase-3
(RB-1197, RTU), B-catenin (Beta Catenin — 1, knoH EP35,
RTU). BukopucTtoByBanu cuctemy Bisyanisauii Lab Vision
Quanto (TS, CLLUA) 3 oeTekTyBaHHAM BinkoBOro naHutora
3a gonomoroto DAB Quanto Chromogen (TS, CLLA) [13].

Mig Yac ornsigy NyxnuHW 3i 36inbweHHsM %100
obvpanu «rapsdi AiNsHKW» — YaCTUHW 30HK iHAinbTpaLi
3 HanbINbLLOK KINbKICTIO KNacTepiB MyXJIMHHUX KIiTUH
(6pyHbKM — «kynku» Big 1 Ao 4 knitv). MNicna obpaxyk-
Ky KinbKOCTi KnacTepiB BUKOHYBanu Hopmanisauito oo
0,78 mm2. 3aBepLuanbHUI eTan — BU3HAYEHHS KaTeropil
6pyHbKyBaHHS (mabr. 1).

3a pekomengauismu N. Melling et al., ans cratuctiy-
HOTO aHanisy pesynsratu 3abapeneHHs mapkepom Ki-67
noginunu Ha Tpw rpynu (cnabka, nomipHa, BMcoka) 3a
Bif,ICOTKOM Ki-67-N03UTUBHWX MyXIMHHUX KNITUH: HU3bKUIA
Ki-67 — 0-10 %, nomipHun — 10-25 %, Bucokun — 25 %
i BinbLue [14].

3a pexomeHgaLieto Tahany M. Shams et al., imyHope-
aKTUBHICTb Mapkepa caspase-3 OLjHIoBanm Tak: (=) — He-
ratvBHa, 6e3 3abapeneHHs abo kopuyHeBe 3abapBreHHs
LIMTOMa3M1 MeHLUE Hi 25 Y% KIITUH NyxnuH; (+1) — cnabka,
KopuyHeBe 3abapBreHHs LyTonnasmm y 25-50 % nyxmvH-
HUX KNiTUH; (+2) — nomipHa, 3abapBreHHs LuTonnasmm
50-75 % NyxnuHHUX KNITWH; (+3) — iHTEeHCKBHa, 3abapenek-
Hs1 BinbLL HDK 75 Yo NyXAMHHVX KNiTWH [15]. ing HacTynHoro
CTaTUCTMYHOTO OnpaLtoBaHHA rpaaaii (—) Ta (+1) ob’egHanm
B «low», a rpapauii (+2) i (+3) —y rpyny «high» [15].

3a pexomeHgauismn Amani Kazem et al., oujiHIOBaHHS
[B-catenin rpyHTyBanocs Ha roro po3nogini BcepeayHi kni-
TUHU: MemBpanHa excnpecis (0-1), umtonnasma (0-2) Ta
snpa (0-2). MokasHyk po3paxoByBanu LISXoM A0AaBaHHS
6anis: cyma simepHyx 6anis (+2 = No3WTUBHA EKCMPECIS;
+1 = cnabka ekcnpecisi; 0 = Hemae eKcrpecii), ouiHka
umMTonnasmm (+2 = nosuTMBHa ekcrpecis; +1 = cnabka
ekcnipecist; 0 = Hemae ekcnpecii) Ta ouiHka MembpaHm
(0 = noanTrBHa ekcnpecis Ha Membpati; +1 = HeraTvBHa
membpaHHa excnpecist). OTxe, «TUMNOBa eKcrpecisy xa-
pakTepum3yBanacs 3aranbHum 6anom 0, nokasyeana e
3abapBreHHs! KNiTMHHOT MeMBpaHK, Lo NogibHe Ao Takoro
HOpMarbHOi CrN30BOi 0GOMOHKM TOBCTOI KULLIKK; «abepaHT-
Ha ekcnpecisi» nokasysana 6anv Big 1 40 3aranbHoi OLyHKK
5 (5 — AnNa NyXnuH i3 CUNbHUM SAEPHUM 3abapBreHHAM
(+2), andby3Hm 3abapBrneHHsM uuTonnasmu (+2) i BTpa-
TOK KNITUHHOT Membpatu (+1)) [16].

Ons undposoi MOpdoMETPIi 3acTocyBamu kamepy
mikpockona Zeiss Primo Star — Axiocam ERC 5s 3 ni-
LIeH30BaHNM nporpamHum 3abesnedveHHsam ZEN 2 blue
edition. CchotorpachoBaHi nonsi 3opy 36epexeHo B ¢hop-
marti *.jpg, onpauboBaHo Ha nnatcopwmi Fiji 3 0bpaxyHkom
KinbKoCTi KnacTtepiB OpyHbKyBaHHS [17].

CTaTMCTUYHWIA aHani3 34jCHUNW B MporpamMHoMy ce-
penosuLLi R version 3.4.1 (2017-06-30); the R Foundation
for Statistical Computing Platform: x86_64-w64-mingw32/
x64 (64-bit), WwWo noLmpoeTbCs GE3KOLITOBHO 3a NiLeH-
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OpwuriHaAbHI AOCAIAKEHHSA

Tabnuus 1. Knacudikauis ctyneHs 6pyHbKyBaHHS

Karteropis HopmanisoBaHa kinbkicTb knactepis PiBeHb GpyHbKyBaHHA

BdO 0 HYNbOBMI
Bd1 1-4 HU3bKUIA
Bd2 5-9 NOMipHUI
Bd3 10 i GinbLe BUCOKWUIA

3ieto GNU General Public License. [1oCTOBIpHiCTb Mix-
rpPynoBuMX 3B’A3KIB 3a KiNbKICHM PO3MoainoM BU3Havamm
3a J0MOMOrot0 TOYHOrO TecTy diwepa. BigMiHHICTb Mix
nigrpynamu Beaxanu siporigHoto npu p < 0,05 [18].

PesyAbTatu

MepuTymopanbHe Ta BHYTPILUHBOMYXIIMHHE BpyHbKYBaH-
Hs npu KPP peTpocnekTMBHO NpoaHanisysanu Ha nicns-
onepaviiHomy matepiani 31 nauieHTa 3 KonopeKkTanbHOK
afieHOKapLIMHOMOMO Ha 3pi3ax, 3abapBrneHNx reMmaTokcu-
NMiHOM Ta €03MHOM, 3a pekomeHgaLisMu MixHapogHoi
KOHCEHCYCHOI KOHMepeHLUii 3 GpyHbKYBaHHS MyXnuH
(International Tumour Budding Consensus Conference,
2016 p.). Y 10 (32,26 %) Bunagkax KPP i3 31 Bussunu
LLiNbHWIA 3anasnbHWiA iHQINBTPaT, WO Ha Mexi MOMIpHOro
1 BUCOKOTO OPYHbKYBaHHS BUKIMKANO CYMHIiBU LLOAO
npaBunbHOCTI iHTepnpeTauii MopdonoriyHnx 06’ekTiB
Ha 3pi3ax, 3abapBrneHnx reMaToKCUiHOM Ta €03VHOM
(puc. 1). Ons yTouHeHHs cTaaii 6pyHbKyBaHHS B 3paskax
KPP 3gircHunu imyHorictoximivxe (IMX) gocnigpxeHHs 3i
crneumgiYHUMM MapKkepamu, Lo foOpe BiaoKpeMoTb
MyXIUHHI KNITWHW 4118 HACTYMHOrO KOMM'KOTEPHOTO onpa-
LtoBaHHs 306paxeHb: Pan CK 1/3, MUC-2 Ta B-catenin.

BcTaHoBUMK, WO 3-NMOMIK LiX TPLOX MapKepiB Ham-
6inbLUy nepeBary MaB KOKTeNNb 3 uuTokepatuHie Pan CK
1/3, sikwid nokasas YiTky MeMbpaHo-LMTonnasmaTuyHy
peakuito BCix knacTtepis 6pyHbKyBaHHs (puc. 2). MUC-2
4acTo AaBaB rpaHynspHUA xapakTtep 3abapsrieHHs
(dot-like peakuji) cTpomanbHOro KOMNOHEHTa HaBKO-
MO KnacTepiB, WO B pasi LWNbHOrO CKYMYeHHS KNiTUH
yCKIaHI0Barno iHTeprpeTaLito KinbkocTi 6pyHbOK (puc. 3).
Mapkep B-catenin, Wo 3aranom YiTKO 1 iIHTEHCUBHO
3abapentoBaB MeMOpaHy NYXMHHWX KNITUH y 3ano3ax i
conigHux ckynyeHHsx KPP, nokasas TeHOEHLjto [0 3HU-
)KEHHS1 eKCNpecii B OKPEMUX KMITUHAX Npy GpYHbKYBaHHi
(puc. 4). BrpaTta MiXKNITUHHWX 3B’A3KIB | BUHUKHEHHS
aKTVBHOTO iHBa3VBHOIO (OPOHTY 3i 3HKEHHAM eKCrpecii
B-catenin pobnsaTb Le mMapkep HeZoOUINbHWM M Yac
aHanisy nepuTymopansHOro 6pyHLKYBaHHS.

OTxe, 3aBAsKW NOABIMHOMY KOHTpOMO (0BpaxyHoK
KnacTepiB npu 3abapBneHHi reMaToKCKIiHOM Ta €03V IHOM
(H &E), nonatkoBa nepesipka IMX-MeTonoMm i3 Mapkepom
Pan CK 1/3) Buanaunnu: KPP i3 HU3bKOO iHTEHCHBHICTIO
nepuTymopansHoro 6pyHbKyBaHHs (Bd0—1) sapeecTposa-
HO B 7 (22,6 %) BUNagkax, i3 cepeHbOot0 IHTEHCUBHICTIO
(Bd2) — 14 (45,2 %), i3 Buucokoto (Bd3) — 10 (32,2 %).

3asHauumo, Lo B ycix 3paskax KPP (100 %) i3 Buco-
KM piBHeM BpyHbKyBaHHs (Bd3) Ta 6 (42,85 %) i3 14 Bu-
nagKis i3 NomMipHUM (Bd2) BUSIBUNM BHYTPILLIHBOMYXIMHHE
6pyHbKyBaHHS pi3HOI iHTEeHCKBHOCTI. Le Byno 3a3HayeHo
B NPOTOKOMi AOCTIDKEHHS, ane He BpaxoBaHo nif 4ac cTa-
TWCTUYHOTO aHani3y 3B’A3KiB i3 KNiHIKO-MOpdonoriyHMMK
xapaktepuctukamu KPP,
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Puc. 1. AgeHokapuuHoma NOS, 3abapeneHHsi rematokcuniHom Ta eoauHoM, x400. Bunagok BpyHbkyBaHHs Ha piBHi Bd2-3(?) y «rapsuiit Touywi» iHBa3WBHOIO poHTy cepen 3a-
nanbHoro iHginLTpaTy cTpoMu.

Puc. 2. AgeHokapuuHoma NOS, MembpaHHo-LiTonnasmaTtiHa peakLis 3 Mapkepom Pan CK 1/3, IFX-meTop i3 fonatkoBumM 3abapeneHHsi rematokcuniHom Maiepa, x400. Bunagok
6pyHbKYBaHHs Ha piBHi Bd3 y «rapsuiit Touwi» iHBa3MBHOrO (PPOHTY.

Puc. 3. AneHokapunHoma NOS, memBpaHHo-LMTONNa3MatuyHa peakuisi, 3okpema dot-like peakuis 3 mapkepom MUC-2, IFX MeToz 3 10AaTKOBUM 3a6apBReHHs reMaToKCUIIHOM
Maepa (x400). Bunagok 6pyHbkyBaHHs Ha piBHi Bd3 y «rapsuiit TouLi» iHBa3MBHOTO PPOHTY.

Puc. 4. AneHokapunHoma NOS, cunbHa membpaHHa peakList 3 Mapkepom B-catenin y 3anosax, LU0 NOCTYMOBO BTPa4aeTbest B knactepax 6pyHbkyBaHHs, [TX-MeTog i3 aoaaTkoBum
3abapaneHHst rematokcuniHom Maepa, x400. Bunapok 6pyHbkyBaHHS Ha piBHI Bd3 y «rapsuiit TouLi» iHBa3VUBHOTO POHTY.

CrpykTypa 3a BiKOM i CTATTIO MaLliEHTIB, 3anyy4eHnx Bd2i 3 (pasom), nopisHsiHO 3 Bd0 i 1 (pa3om) y niBobivHmxX
y AOCNIMKEHHS, B LinoMy Bignosigana npubnnsHum KPP — 12 npotu 2 (85,71 % npotn 14,29 %), B HU3b-
nokasHukamM 3axBoptoBaHoCTi Ha KPP B YkpaiHi: 3adik- kopudepeHuiioBaHnx KPP G3 — 4 npotn 0 (mabn. 2).
COBaHO NepeBaxaHHs 4onoBikiB B 1,2 pa3a B BMOIpLi, BipomocTi Wwoao 3anexHoCTi KNiHiko-MopdonoriyHmx
B 1,3 pasa — B YkpaiHi (2021-2022 pp.). CepenHin Bik XapaKkTepucTuK Bif cTapii OpyHbKyBaHHS HaBedeHo B
nauiexTis (62,3 + 14,8 poky, cepenHe + SD) Bignosigas mabnuui 2.
niky 3axsoptoBaHocTi Ha KPP (cTapLue 3a 55 pokis, yacTto NpoaHaniayBanu 38’130k eKCnpecii Aesikux Mapkepis
— pianasoH 70-79 pokiB), BPAX0OBYKOUM MEHLLY KiNbKICTb 3i cTapieto 6pyHbKyBaHHS: NponichepaTyBHY aKTUBHICTL 3a
ocib uiei BikoBOi rpynu, ocobnmeo vonogikis. OgHak mapkepom Ki-67, anonToTnyHy akTUBHICTb 32 MapKkepom
iHTEHCMBHICTb OpYHBKYBaHHS HE Mokasana CTaTUCTUYHO caspase-3, MiKKINITUHHY aaresito 3a Mapkepom f3-catenin.
[OCTOBIPHOI 3anexHOCTi Bif CTarTi Ta Biky nauieHTis i3 KPP TeHgeHuito oo nepeBaxaHHs Bunaakis KPP 3Bd2i 3 (pa-
(p=0,564ip = 0,111 BignosigHo) (mabs. 2). 30M) nopieHsaHO 3 BdO i 1 (pa3om) BctaHoBWM B KPP i3

Ananis posnoginy sunaakis KPP 3a nokanisauieto, BMCOKOIO NponidhepaT1BHOK akTUBHICTIO, A€ iIHAEKC Npo-
ricTonoriYH1M cTyneHem auepeHLitoBaHHs Ta HasiBHIC- nicpepauii craHoswB noHag 25 % — 11 npotn 0 (100 %),
TIO METaCTa3iB TakOX HEe BUSIBUB CTATUCTUYHO BiPOTiAHi B KPP i3 H13bKkOt0 ekcripecieto Mapkepa caspase-3 — 13
BiZIMIHHOCTi B rpynax i3 pi3HuM cTyneHem BpyHbKyBaHHs npotu 3 (81,25 % npotu 18,75 %), ane ctaTucTn4HO Jo-
(p=0,722,p=0,527, p = 0,472 BignosigHo). Btim, BUsIBU- CTOBIpHY pi3HuL0 He BcTaHoBumm (p > 0,05). Bigomocri
M TeHAOEHLUi 40 3HaYHoro nepeBaxaHHs Bunaakis KPP i3 LLoA0 po3nodiny HaBeaeHo B mabuyi 3.
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Ha gymky 6aratbox 4OCMiaHWKIB, BpyHBKYBaHHS NyXUHN
— MOTEHL IHO KOPUCHWIA NPOTHOCTUYHWIA Biomapkep ko-
NOPEKTanbLHOro paky Ta iHLWMX COMiAHUX TUNIB KapLMHOM
[4,5,6,7]. MyxnuHHI OpyHbKW 3a3BMYall BU3HAYaKOTb SIK
i3011b0BaHi MOOAMHOKI PaKOBi KMiTUHK a0 CKyNYeHHs [0
YOTUPBLOX HEOMACTUYHUX KMITUH, PO3TALLOBaHWX Y BiAini
iHBA3MBHOIO PPOHTY MyXIMHY [5].

MPOrHOCTUYHY LiHHICTb OPYHBbKYBAHHS MyXIMHY Mig-
TBEpMKEHO. Tak, y nybnikauii Qiao Qu et al., ki 3giicHunm
meTaaHani3 1503 navjieHTiB i3 4eB’ATU PETPOCNEKTVBHIX
KOrOPTHUX AOCNiXeHb, NokasaHo: nauieHTn 3 KPP i
BMCOKUM MOKa3HWKOM BpyHbKYBaHHSA MYyXMHU Manu
HKYY BUDKMBAHICTb MOPIBHSHO 3 BUMAaZKaMM HU3LKOTO
6pyHbkyBaHHs KKP (p < 0,001) [2]. Y Hawomy gocni-
[DKEHHI HE BUSIBUNM 3B'SI3KM CTaINHOCTI GpYHbKyBaHHS
Ta XxapaKTepuUCTuK, Lo HaeeaeHi B mabnuysx 2, 3. Lle
MO3KE CBI4NTY NPO HE3ANEXKHICTb LIbOro NPOTrHOCTAYHOTO
(hakTopa BMXKMBAHOCTI ab0 NPO HEQOMIKM AOCTIMKEHHS,
AK-OT HeAocTaTHA BUOIpKa YM HEKOPEKTHICTb rpagauii
6pyHbKyBaHHS. 3BICHO, 3aCTOCYBaHHS iHAEKCIB OPyHbKY-
BaHHS NyXJIMHM B KMiHIYHi NpakTuui notpebye ctaHaap-
TWM30BaHOI CUCTEMM OL|iHIOBaHHS, siky Tpeba aganTysaTu
[0 KOHKPETHWX TUMIB NYXJIUH i KNiHIYHUX BUNAAKIB.

LLlono KPP, To 6pyHbKYBaHHS MyXIMH YacTo OLiHIo0ThL
3a MeTOAOM, LLO yXBaneHun Ha MixHapogHi KOHCEHCY-
CHilt KOH(bepeHL;i 3 BpyHbKyBaHHs nyxnuH (International
Tumour Budding Consensus Conference) y 2016 pouli.
Metog nepenbayae 3acTocyBaHHs HaNiBKiSbKICHOI LLKanm
oujHIoBaHHs BpyHbKyBaHHs: Bd0 — 6e3 6pyHbok; Bd1 —
1-4 6pyHbKM; Bd2 — 5-9 6pyHbOK; Bd3 — 210 6pyHBOK [5].

3a TaKow CUCTEMOH OLIHIOBAHHS BU3HAUMNK, LLO
OpYHbKYBaHHSA € He3anexHUM npeaykTopoM MetacTa-
TWYHOTO YpaXeHHs nimaTnyH1X By3niB ANs NauieHTiB i3
KPP pT1 Ta 3HWKEHHS 3aranbHOi BUXXMBaAHOCTI NaLiEHTIB
i3 KPP Il cTapii. 3aranbHa koHuenuis GpyHbKyBaHHS —
«41M BinbLue MyXMMHHUX BPYHLOK, TUM FiPLUUIA KNiHIYHUIA
pesynerat» [5,6,7].

Y 3B'A3Ky 3 NEBHOK CY0'EKTVBHICTIO OLHIOBAHHS
6pyHbKYBaHHS Ha MiXHapOAHiIli KOHCEHCYCHIN KOHMe-
peHLii 3 GpyHbKYBaHHS NyXMVH BU3HAYEHO NpaBuna ans
CTaHaapTu3auii BucHoBkiB oo KPP:

1. BpyHbKyBaHHS NYXMMHW PO3PaxoBYytoTb 3a 3abaps-
neHHsam H & E;

2. A0ro OLjHIOITb B OfHIN «rapsuin Touui» (y noni
po3amipom 0,785MM?2) Ha iHBa3MBHOMY OPOHTI;

3. peKoOMeHA0BaHO BUKOPWCTOBYBATW TPUPIBHEBY
cucTemy pasoM 3 0bpaxyHKoM BpyHbOK, L6 nonerwmTy
cTpatudikavito puanky KPP;

4. He NoeOHYBaTU NOHATTS GPYHBKYBAHHS NMYXITUHM
Ta CTagjto Myxnuhu [6].

Y KOHTEKCTi TaKMX NOSOXEHb NOCTAE MUTAHHS LLOAO
[LOLNbHOCTI KOHTPACTHOTO BiAOKPEMIEHHS KMITUH Bpy-
HbOK Bif KINiTUH 3ananbHoro iHginsTpary abo cTpomars-
HOI AeCMONMacTUYHOI peakLjii 3aBAAKY iIMYHOrCTOXIYHOMY
3abapeneHHto 3paskie KPP. [liicHo, mig yac Haloro
LOCRimKEHHS BUHUKINA Npobrnema 3 BU3Ha4YeHHs rpagadii
6pYHbKYBaHHS B LLiNbHOMY 3ananbHOMY iHGinsTparTi, 4ns
YOro BUKOPWCTAHO Taki iMyHOTCTOXiMIYHI Mapkepu, Sk
KOKTeWnb unTokepatuHia, EMA, B-catenin i MyumH 2 Tuny.

CninbHi nornsan [OCRiAHMKIB LWOAO 3aCTOCYBaHHS
H & E Ta imyHoricToximii Ansi oLiHOBaHHS GpyHbKyBaHHS!

Maronoris. Tom 20, Ne 2(58), TpaBeHb — cepneHb 2023 p.

OpwuriHaAbHI AOCAIAKEHHSA

Tabnuus 2. [HTEHCUBHICTb BPYHbKYBaHHS KONOPEKTAINbHUX KAPLIMHOM 3arexHO
BiZ KNiHIkO-MOPONOrivYHUX xapaktepuctuk, n = 31

Kniniko-mopdonoriuba | n (%) KaTteropis 6pyHbKyBaHHS
xapakrepuctuka KPP Bd0—1 m Bd3
) 5 7 5

Yonosikn 17 (54,84 0,722
KiHkn 14 (45,16) 2 7 5
Bik (poku)
<50 7 (22,58) 2 3 2 0,397
50-75 18 (58,07) 4 10 4
>75 6(19,35) 1 1 4
MpaBo6iyHi 17 (54,84) 5 7 5 0,722
JiBoGiuHi 14 (45,16) 2 7 5
AK NOS 17 (54,84) 4 7 6 p*
3ybyacta AK 5(16,13) 2 3 0
MikponaninsipHa AK 3(9,68) 1 0 2
MenynspHa AK 3(9,68) 0 2 1
MyumHosHa AK 1(3,23) 0 1 0
MepcHenogitHa AK 1(3,23) 0 1 0
AK tuny adenoma-like 1(3,23) 0 0 1
G2 27 (87,10) 7 1 9 0,527
G3 4(12,90) 0 3 1
Bes metacrasis 26 (83,87) 5 13 8 0,472
3 meTacTasamu 5(16,13) 2 1 2

p: BipOrifgHICTb MXXTPYMOBMX 3B'AA3KIB 32 KiNbKICHIM PO3MOAINOM BU3HAYanm 3a TOYHUM TECTOM
diwepa; p*: CTAaTUCTUYHWIA @HaNi3 JaHWX He 3AINCHUNMW Yepe3 BiACYTHICTb 3paskiB y AeSKNX
nigrpynax.

Tabnuus 3. [HTEHCUBHICTb BPYHbKYBaHHS KOMOPEKTANbHUX KaPLIMHOM 3amnexHO
Bif] eKCrpecii iMyHoriCTOXiMiYHUX MapkepiB, n = 31

n (%) Kareropisi 6pyHbKyBaHHS
xapaktepuctuka KPP Bd0-1 m Bd3

Ki-67
<10 % 3(9,68) 1 2 0 0,114
10-25 % 17 (54,84) 6 6 5
>25 % 11 (35,48) 0 6 5
Caspase 3 high 15 (48,39) 4 7 4 0,811
Caspase 3 low 16 (51,61) 3 7 6
B-catenin high 20 (64,52) 5 10 5 0,620
B-catenin low 11 (35,48) 2 4 5

p: BipOrigHICTb MXKTPYNOBUX 3B’A3KIB 3@ KiNlbKICHUM PO3MOAiNoM BU3HaYanm 3a TO4HUM TECTOM
diwepa.

KPP, L0 BUaaeTLCA NOMYHOK | 36iraeThes 3 pesynsratamu
HaLLMX CMOCTEPEXEHD, MiACYMOBAHO TBEPAKEHHSIMU:

1. BpyHbKyBaHHs KPP Tpeba ouiHioBaTu 3a gono-
moroto H & E, ko Hemae o3Hak, Lo 0OMeEXyHTb 1oro
BU3HAYEHHS, HANpUKNaz, nepuTyMoparsHe 3ananeHHs,
HETMNOBa CTpOMarnbHa peakuis, pparMeHTaLis 3anos,
TOLLO;

2. imyHoricToxiMiyHe 3abapBneHHs (SK HaZiiHiLLMIA
iHCTPYMEHT Bi3yaniaalii) Tpeba 3acTocoBysaTu y BUnag-
kax KPP, konu ouiHOBaHHS 32 4ONOMOrOK PYTUHHOTO
3abapeneHHa H & E obmexeHe;

3. Ha iMyHoricToximiyHO 3abapBneHux cnamgax
Bunaakis KPP 06’ekTBHUI 06paxyHOK BpyHbOK MOXHa
3AiICHATY 3aBASKM LMCPPOBOMY NporpaMHoMy 3abesne-
YeHHIo, Hanpuknag Ha nnatdopmi Fiji.

BucHoBKHM

1. Akwo KinbKicTb GPYHBOK, WO BU3HAYEHa CTaH-
[apT13oBaHM MeTodoM 3abapaneHHs H & E, Buknukae

ISSN 2306-8027  http://pat.zsmu.edu.ua 139



Original research

CyMHiBW Ha Mexi kaTeropin Bd1 i Bd2 abo Bd2 i Bd3,
MOXJIMBE 3aHWKEHHS CTYNEHS OPYHbKYBAHHS MOPIBHAHO
3 3a0apBneHHSIM iMyHOTICTOXiMIYHUM METOAO0M, OCKINbKY
BUKIOYEHI XMOHO iHTEpPNpeToBaHi MopdhonorivHi 06’ekTu
AK Knactepy nyxnvHu. HainHaginHiLWnig iMyHoricToXiMiu-
HUN MapKep AN KOHTPaCTHOrO BMU3HAYeHHs GpyHLOK
— KOKTEWIb i3 LUTOKepaTuHIB.

2. MeputymopansHe GpyHbKyBaHHS! iHBAa3MBHOMO
dpoHTy 3 KaTeropicto Bd3 3axam cynpoBogxyBanoch
iHTpaTymopanbH1M BPYHbKYBAHHAM Pi3HWUX CTYNeEHIB
iHTEHCMBHOCTI.

3. AHania posnoginy rpagauiit 6pyHbKyBaHHS Koro-
peKTanbHUX KapLMHOM 3a CTaTTio, BiKOM XBOPUX, JlOKa-
nisauieto, MCTONOrMYHUM CTyrneHeM AndepeHLiioBaHHS,
HasBHICTIO METACTa3iB He MOKa3aB CTaTUCTUYHO AOCTOBIPHI
BigMiHHOCTI (p > 0,05). Lle moxe cBiguMTM Npo Hesanex-
HICTb Ljb0ro thakTopa Ta NporHo3y BYXWUBAHOCTI MaLliEHTIB.

4. |HTEHCMBHICTb GPYHBKYBaHHSI KONOPEKTanbHMX
KapuuHOM 3anexHo Bif ekcnpecii mapkepis Ki-67,
caspase-3 Ta B-catenin He nokasana BiporigHoi PisHMLI
B nigrpynax (p > 0,05), ane mana TeHgeHLUi0 4o 36inb-
LLUEHHSI KiNlbKOCTi BPYHbOK i3 MiABULLEHHSAM iHAEKCY NpO-
nidhepaii Ta 3HWKEHHSIM aKTUBHOCTI NPOaNoNTOTUYHOTO
€H3nMy caspase-3.

MepcnekTvBU NnoganbLWKX AochnigkeHb. [1poaos-
XKEHHS BUBYEHHS NOTpebytoTh BiZOMOCTI LIOAO BRAVBY
GionoriyHMx BNacTUBOCTEN KoropekTanbHOI ageHokap-
LIMHOMM Ha NporHo3 nepebiry HEOMNacTUYHOrO NPOLECY
Ta BU3HAYEHHS ONTUMAIIbHOI TAKTVIKU BEOEHHS MaLieHTIB.
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OuiHIOBaHHA BUPA3HOCTi AeNpeCcUBHUX CTaHIB

i IXHIW 3B’A30K i3 cynyTHiM LyKpoBUM AiabeTom 2 TURY, OXXMPIHHAM
Yy XBOPUX Ha XPOHiUHY cepueBYy HEAOCTATHICTb iLLIEMIYHOro NOXOAKEHHSA

K. M. BopoBuk®*ABCP H, T, PuHaiHa®AE, 0. I. KapukoBa®C®, M. I. KpaBuyH®EF

XapKiBCbKMI HaLLiOHAaAbHUI MEAMYHUI YHIBEpCHTET, 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 po60TH — OLHUTU NOLIMPEHICTb | BUPA3HICTb AENPECVBHUX PO3MagiB Yy XBOPKX Ha XPOHIUHY CepLeBy HEQOCTATHICTb
(XCH) iweMiYHOro NOXomKEHHS 3anexHOo Bif HASBHOCTI CYMyTHIX LyKPOBOrO Ajabety 2 Tuny, OXWUPiHHS Ta iX NOeAHAHOro
nepebiry, a TaKoX BU3HAYNTK BB MeTabomMi4YHNX NOPYLLEHb HA PO3BUTOK AENpecii B X NaLieHTiB.

Matepianu Ta metogum. Y pocnigxeHHs 3anyuunm 154 xsopux Ha XCH iwemiyHoro reHesy. Y 1 rpyni — nauient 3 XCH Ha
doHi iwemivHoi xBopobu cepust (IXC), uykposoro giabety 2 Tuny (L 2 Tuny) i1 oxwmpiHHA (n = 42); apyry rpyny cknanu Xsopi
Ha XCH, IXC i cynytHiin LIA 2 Tuny (n = 46); TpeTio — i3 CynyTHIM OxwupiHHAM (n = 36). YeTBepTy rpyny (3ictaBneHHs) ccop-
MOBaHO 3 XBOpYX 3 03HakaMu XCH iwemiyHoro reHedy 6e3 metaboniyHux nopyteHb (n = 30). [ns oUiHOBaHHSA HasiBHOCTi Ta
xapaKTepy AenpecvBHWX NopyLLeHb BUKopucTany wkany beka (Beck Depression Inventory).

Pesyniratu. Y 60 % xBopux Ha i3onboBaHy XCH iLuemivHoro reHesy BUSBEHO AeMNpecito, 3rigHO 3 pe3ynbratamu OLiHIoBaHHS
3a wkanoto beka. Y 2 rpyni aenpecito BctaHosunn y 80,6 % sunagkis, y 3 rpyni —y 91,3 % nauienTis. [enpecvBHi posnaan
manm 95,2 % xsopux i3 1 rpynm (i3 XCH npu IXC, kombiHauieto LI 2 Tuny 1 oxupiHHS).

Y xBopux 1 rpynu cepenHe 3HaqeHHs 6anis BiporiaHO NepEBHLLYBano Take y nauieHTis 4 rpynu (Marbxe BABidi). MOpPiBHAHHSA
6aniB y xBopux 2, 3 rpyn i3 napametpamu 4 rpynu nokasano ix nigsuLLeHHs Ha 57 % i 36 % sianosigHo.

MpoaHanisyBaBLUM TSAXKICTb AENPECMBHOTO pPO3nady, BCTAHOBWU: B TPeTUHM xBopux Ha XCH iwemiyHoro reHesy Ha tni
noeaHaHoro nepebiry LI 2 Tuny BusiBneHo nerky Aenpecito, y YBepTi NaLieHTiB BU3HaYMnW NposiBu nomipHoi genpecii, 9,5 %
ocib Manu Tshkky, 4,8 % — nerky genpecito.

BucHoBku. HasiBHICTb METABONIYHMX MOpPYLLUEHb, AK-OT LyKPOBOro AiabeTy 2 Tuny, acoUitOETbCS 3 BUHUKHEHHAM Aenpecii
Y XBOPUX Ha XPOHIYHY CepLEBY HEAOCTATHICTb iLIEMIYHOMO NoxXomkeHHs. MoegHaHun nepebir Lykposoro diabety 2 Tuny Ta
OXMPIHHS — (haKTOP PU3NKY BUHUKHEHHS Aenpecii Ta ii nporpecyBaHHs [0 BUPa3HOi / TSKOI hopmu.

The assessment of the depressive states severity and their relationship
with concomitant type 2 diabetes and obesity in patients with chronic heart failure
of ischemic origin

K. M. Borovyk, N. H. Ryndina, O. I. Kadykova, P. H. Kravchun

The aim is to assess the prevalence and expressiveness of depressive disorders in patients with chronic heart failure (CHF)
of the ischemic origin, depending on the presence of concomitant type 2 diabetes mellitus (T2DM), obesity and their combined
course, as well as to assess the influence of existing metabolic disorders on the development of depression in individuals of
this cohort.

Materials and methods. The study included 154 patients with CHF of ischemic origin. Group 1 included patients with CHF
with coronary heart disease (CHD), T2DM and obesity (n = 42). The second group consisted of patients with CHF on the
background of CHD with concomitant T2DM (n = 46), and the third group — with concomitant obesity (n = 36).

The comparison group was formed from patients who had signs of CHF of ischemic origin without metabolic disorders (n = 30).
The Beck Depression Inventory (BDI) was used to assess the presence and nature of depressive disorders.

Results. In patients with isolated CHF of ischemic origin, depression was found in 60 % of cases, according to BDI. In the se-
cond group depression was manifested in 80.6 % of cases, and in the third group —in 91.3 % of cases. 95.2 % of patients of the
first group had depressive disorders. The average value of scores in patients of the first group significantly exceeded that of the
patients of the fourth group by almost two times.

Comparing the scores of patients of the second and third groups with the fourth group determined their increase by 57 % and
36 %, respectively. It was established that in patients with CHF of ischemic origin against the background of the combined course
of T2DM, mild depression was found in 1/3 of patients, a quarter of patients had manifestations of moderate depression, 9.5 %
of patients had severe depression and 4.8 % of people in this group had symptoms of mild depression.

Conclusions. The presence of type 2 diabetes mellitus is associated with the development of depression in patients with
chronic heart failure of ischemic origin. The combined course of type 2 diabetes mellitus and obesity is a risk factor for the
development of depression and its progression to a marked/severe form.
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lwewmiuHa xBopoba cepus (IXC) i genpecis — oCcHOBHI
3aXBOPHOBAHHS, O CTAHOBMATb BENWKY 3arposy aAns
3[0pOB’sl HaceneHHs. BidoMo, Lo BOHWM MOXYTb MaTu
HECTPUSATIIMBUIA B3AEMHUIA BMIUB Y pasi OAHOYACHOTO
nepebiry [1]. 3 ogHoro Goky, B nauieHTiB 3 IXC vacriwe
[iarHOCTYI0Tb MCUXIYHI pO3naau, OCKiNbKY BOHW 3a3Bu4ai
CMOHTAHHO MatoTb HEMPUEMHI CUMNTOMM (SIK-OT CTEHO-
KapAisi) i 3MyLLeHi npuiMaTH Kinbka BuAiB NikiB NPOTSrom
YCbOTO XKUTTS; LIe CMIPUYMHSIE NOSIBY HEraTUBHUX EMOLLIN,
ocobnmeo TpuBoru, abo genpecii [2]. CtaTncTyHI AaHi
OCTaHHiX AocnimxeHb nokasanu, o y 20-30 % nauieHTiB
i3 3aXBOPIOBAHHAMY CepList AiarHOCTOBAHO TPUBOXHICTb
abo aenpecuBHi posnaau [3]. Binomo, Lo BiacoTok nauji-
€HTIB i3 TPMBOXXHO-AENPECVBHUMY NPOSIBAMM 3pOCTaB A0
15—-43 % npotsirom poky nicnsi rocTpoi cepueBoi nogii [4].
3 iHwworo Boky, B MaLiEHTIB i3 XPOHIYHIM KOPOHAPHUM CUH-
APOMOM, KOTPi Manu Aenpecito B aHamMHesi, 3adikcysarnu
BBIYi BULLWI piBEHb CMEPTHOCTI, 3Ha4HO GinbLLy YacToTy
OCHOBHUX HECNPUSATANBUX CEPLIEBO-CYAUHHUX MOAiN i
ripLuy SKICTb XUTTS NPOTAroM 12 MicsLIB CNOCTEPEXEHHS
MOPIBHSHO 3 NavjieHTamn 6e3 genpecii [5].

3aBAsKM KirlbKOM NaTonoriYH1M Ta enigemionoriyHum
LOCHIIKEHHSIM CTano BiZOMO, WO Aenpecis Moxe OyTn
TPUrEPOM IMYHHOrO 3ananeHHsl Yepes akTuBaLlito npo-
3anasbHUX LMTOKIHIB [6,7], @ TaKoX iHILitoE NOpYLUEHHS
yHKkuii engoTenito Ta TpomboumTie [8]. CyKynHICTb LMX
(hakTopiB MOXE CMIPUYMHATY BUHUKHEHHS Ta Nporpecy-
BaHHs IXC, a oTxe | XpOHi4HOI cepLieBoi HeJoCTaTHOCTI
(XCH).

Y KOropTHOMY AOCRIOXEHHI, WO 3AiicHeHe B
Cnonyyenux LLtatax Amepukn B 2007-2016 pokax,
BCTaHOBWNW: MOLUMPEHICTb AeNpecii cepen nauieHTis i3
XCH craHoBuna 17 % [9]. Pasom i3 Tum, gocnigHukm 3
MiaeHHoi Adpukn BusiBUM Maixe 54 % nauieHTiB i3
aenpecyBHUM po3nagom Ha Tni XCH [10].

lNokasaHo 3B'A30K i3 CEPLIEBMM 3aXBOPHOBAHHSMM.
Tak, pU3nK BUHUKHEHHS BEMMKOT MOBTOPHOI CepLIEBO-CY-
[OVHHOI NoAji B NALIEHTIB i3 NerkumMm Ta BaXKUMK CUMI-
Tomamm genpecii B 1,96 i 2,81 pasa BignoBiaHo BULLWA,
HiX y xBopux 6e3 cumnTomiB genpecii [11].

3rigHo 3 gaHrmmn MixkHapopaHoi iabeTnyHoi henepa-
uii 3a 2021 pik, rmobanbHa 3aXBOPHOBaHICTb Ha LLyKPOBUIA
giabet (L) craHoButb 10,5 %, i NporHoaytoTtb, Lew
nokasHuk 3pocte 1o 12,2 % po 2045 poky. LI — ogHa 3
rno6arnbHWX Nogiv 3 HaA3BUYANHO LLIBUAKAM MOLLIMPEHHSIM
y cchepi oxopoHu 3popos’s XXI cronitta [12].

[enpecis € nowmMpeHnM CynyTHIM 3aXBOPIOBAHHSM
LA 2 tuny. Y pocnimxenHi International Prevalence and
Treatment of Diabetes and Depression (INTERPRET-DD)
NoKa3aHo: YacToTa BUSIBNEHHS BEMUKOrO AENPECUBHOIO
po3nagy B nauieHTi i3 T2DM ctaHosuna maiixe 10,6 %
[13].

Y GaraTbOx AOCMIMKEHHSX MOKA3aHO: OXKMPIHHA €
HesanexHuM (akTopoM pU3nKy CepLeBo-CYaANHHUX
3axBOPOBaHb. AQWMOKIHU, LLO BUBISIbHAIOTLCS XMPO-
BOK TKaHWHOK, MOXYTb CMPUYMHATY eHaoTenianbHy
ANCCYHKLiI, CUCTEMHE 3amarneHHsl Ta Pe3nCTEHTHICTb
[0 iHCyMiHY, L0 MOXe NiABULLMTY PU3MK MPOrPecyBaHHs
artepocknepo3y [14].

Omxe, MOXHa NMpUNyCTUTK, L0 € CiNbHI NaToreHe-
TWYHI NaHKK, 3aBASKN SKUM AenPecis i OKMPIHHA MOXYTb
B3aEMHO CTMMYMIOBATU BIANOBIAHI NaToqi3ionorivHi

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

MeXaHi3Mu, LoD CNpUUMHATK iLemiuHy xBopoby cepust
Ta, Sk Hacnigok, XCH.

Merta po6otu

OUiHUTM NOLUMPEHICTb | BUPA3HICTb AENPECUMBHUX PO3-
napiB y XBOpKX Ha XPOHIYHY CEpLEeBy HEAOCTaTHICTb
iLUEMiYHOrO NOXOMKEHHS 3aMEXHO Bif, HASBHOCTI CYNyTHIX
LIyKpOBOro ZiabeTy 2 Tuny, OXMPIHHA Ta iX NOEaHaHOro
nepebiry, a TaKoX BU3HAYUTM BNIMB METABOMIYHMX Nopy-
LUEeHb Ha PO3BMTOK AEMNpecii B LIMX MaLlieHTIB.

Martepianu i meToAU AOCAIAKEHHA

Y pocnipxeHHs 3anyumnu 154 xeopux Ha XCH iemiy-
HOTO r'eHesy, siki nepebyBany Ha NikyBaHHi B kapzionoriy-
Homy BigaineHHi K303 «Micbka kniHivHa nikapHsa Ne 27»
XMP. XBopwx NOZINWIN Ha rpyni 3anexHo Big BUSIBNEHNX
meTaboniYHux nopyLeHs. Y 1 rpyny 3any4unm nawjieHTis
i3 XCH Ha coHi IXC, LI 2 tvny 1 oxupiHHAM (n = 42).
Opyry rpyny cknanu xsopi Ha XCH, IXC i cynyThin LA 2
TNy (n = 46), TpeTto — i3 CynyTHIM OXMPIHHAM (n = 36).
pyny sicTaBneHHs (4eTBepTy) CHOPMOBAHO 3 XBOPYX, AKi
manm o3Haku XCH iemiyHoro reHesy 6e3 metabonivyHmx
nopyLueHs (n = 30). Mpynu o6cTexeHx sicTaBHi 3a Bikom
i CTaTTIO NaLieHTIB.

[nsa ouiHIOBaHHS HasBHOCTI Ta xapakTtepy Aenpe-
CUBHWX MopylueHb BUKopuctanu wkany beka (Beck
Depression Inventory) [15]. Lle ogwH i3 neplumx Tecris,
L0 BUMPI3HSIETHCS BUCOKOK PENEBAHTHICTIO Ta creuu-
ivHicTIO, PO3pOBneHni AN BUKOPUCTAHHS Y KMiHIYHIN
npakTuui Ans AiarHOCTUKW 1 OLHIOBaHHSA PIBHS Aenpe-
cvBHWX po3nagiB. OnuTyBanbHUK 0bpanu, rpyHTY4MCh
Ha [aHUX HU3kW poBiT, MOB’A3aHUX i3 COMaTUYHUM 300-
POB’AIM, WO AOLIMbHO Mif Yac aHKETYBaHHS NaLlieHTiB
i3 kapaioBackynsipHOK naTornorieto Ta MeTabonivyHUMK
posnagamn. OnuTyBanbHWK BKIOYaEe 21 rpyny 3anuTaHb.
[ns BignoBigi Ha KOXHE 3anuTaHHS 3anponoHOBaHO
obpatu nyHKTV (BignosigatoTb kinbkocTi 6anie) — 0, 1, 2
abo 3, Lo Hawkpalle OnMM1CyoTb CamMomnoYyTTS NaljieHTa
MPOTArOM OCTaHHBLOTO TWXHS. [TyHKTH 1-13 HanexaTb 4o
KOTHITUBHO-adpekTUBHOI cybLikanm, 14-21 — cyblukanu
comaTunyHux nposisie Aenpecii. Cyma 6anis, Lo JOPIBHIOE
10 6aniB i GinbLue, CBIAUMTL NPO HasiBHICTb Aenpecii, 10—
15 — cybnenpecii un nerkoi genpecii, 16—19 — nomipHoi,
20-29 — BupaxeHoi, 30—-63 — Tspkkoi aenpecii. Lkana ge-
npecii beka gonomarae oLiHUTY AMHaMIKy AenpeCcUBHUX
po3nazis, LLO B NepCneKTVBI HALLOrO AOCMIMKEHHS A4acTb
3MOry 3aCTOCOBYBaTW 06paHy METOAVKY AT BU3HAYEHHS
AKOCTi NiKyBarnbHoi cTpaterii.

[locnigxeHHs cxBaneHi KOMicielo 3 nuTaHb Giome-
[MYHOI eTWKW XapKiBCbKOTO HaLliOHarNbHOTO MeauYHOro
yHIBepcuUTeTY Ta 3[iNCHeHi BiANOBiAHO 4O NpUHUMNIB
GioeTukn, WO BuKknageHi B MenbCiHCbKiIN aeknapauii
«ETWYHI NpUHLUMNIWM MeanyHUX OOCRiAXeHb 3@ y4acTo
nopei» i «3aranbHin gexknapaldii npo 6ioeTuky Ta npasa
noguHn (KOHECKO)». Yci yyacHuku Hagamv nucbMoBy
iH(bopmOBaHy 3rogy Ha y4acTb.

CraTucTn4Ho pesynsTaTy onpaLoBany 3a 4onoMo-
roto nporpamu Statistica, Bepcis 10.0. [Jns ouiHoBaHHs
Pi3HWLi NOKa3HUKIB, LLO BMBYANM, 3aCTOCYBanm Kpute-
pin F ®iwepa. ns BU3HAYEHHS BIZHOCHOTO PU3UKY
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OpwuriHaAbHI AOCAIAKEHHSA

Tabnuus 1. banw 3a wkanoto Aenpecii B nawjieHTiB 3 i3onboBaHo XCH ilemiyHoro reHesy Ta npu noegHaHHi MeTaboniyHux nopyLieHb

m IXC + LA 2 Tuny + oxupiHus (n =42) | IXC + LA 2 Tuny (n = 46) IXC + oxupiHHs (n = 36) IXC (n=30)

Banu 3a wkanoto genpecii beka 19,39+ 0,93 15,48 £0,71 13,32 £ 0,54 9,80+0,42
p,,<0,01 p,5<0,01 p,,<0,01
p,, < 0,01
p,, < 0,01

Tabnuus 2. TaxkiCTb AenpecvBHUX po3nagiB y xBopux Ha XCH ilemiyHoro reHesy 1 cynyTHi Metaboniyni natonorii, n (%)

XBopi Ha XCH
IXC + LA 2 Tuny + oxupiHus (n =42) | IXC + LA 2 Tuny (n = 46) IXC + oxupiHHa (n = 36) IXC (n=30)

[enpecii Hemae 2 (4,8 %) 4 (8,7 %) 7 (19,4 %) 12 (40,0 %)
[Jenpecisi nerka 14 (33,5 %) 24 (52,2 %) 20 (55,6 %) 18 (60,0 %)
[Nenpecisi nomipHa 11 (26,2 %) 10 (21,7 %) 9 (25,0%) -
[enpecis BupasHa 11 (26,0 %) 7 (15,2 %) - -
[enpecis Tsixka 4 (9,5 %) 1(3,1%) - -

(BnnwmB oxupiHHs Ta/abo L 2 Tuny Ha BUHUKHEHHS
[lenpecuBHUX po3nagis) po3paxyBanu BiHOLIEHHS
wakncis (BLW). Ak BigcyTHICTb 3B'A3Ky BM3Hadanw BLLU,
Lo AopiBHIOBano 1; sk no3uTuBHMIA 3B’30K — BLL >1;
SIK HEraTUBHUIA pesynbsraT (HU3bkuii puamk) — BLL <1.
[osipuni inTepsan (1) — Aiana3oH 3HayeHb, Y Mexax
SKOTO 3 IMOBIPHICTHO 95 % 3HaxoaMTbCS NPOrHOCTUYHE
3HayeHHs BLU. BigmiHHOCTI BBaxamnu CTaTUCTUYHO
3Hadvywwmmu npm p < 0,05.

PesyAbTati

Ha puc. 1 HaBegeHo aHania NposiBiB Aenpecii y XBOpUX
Ha XCH iweMiyHOro r'eHesy 3anexHo Bif HasiBHOCTI Ta
xapakTepy CynyTHiX MeTaboniyHux nopyLueHb. Y 60 %
navjeHTiB 3 i3onboBaHolo XCH ilwemiyHoro rexesy, siki
3anyyeHi B 4 rpyny, BUSIBNIEHO AENPECito 3a LLkaroto beka.
Y 2 rpyni (xsopi Ha XCH npu IXC i LiA 2 Tuny) genpecito
BcTaHosunu y 80,6 % Bunapkis, y 3 rpyni (nauieHtu
3 XCH npu IXC Ta oxupiHHi) — y 91,3 %. denpecvBHi
poanaan mMamu 95,2 % XBopux NepLUOi rpynu (nauieHTu
3 XCH, IXC i kombiHaujeto LI 2 Tuny Ta oxwvipiHHg). Taki
pesynbTaTi cBigyaTb NPO 3HA4YHO GinbLLy NOLIMPEHICTb
[enpecuBHUX posnagis y xsopux Ha XCH 3a tni meTa-
60ni4YHNX NOpyLUEHD.

Y mabnuui 1 HaBeaeHo G6anu 3a wkanoto beka, Lo
ofepxanu nig Yac onuTyBaHHs. Y XxBopux 1 rpynu ce-
penHe 3HaveHHs 6aniB JOCTOBIPHO NepEBHLLYBaro Take
B nauieHTiB 4 rpynu (Maixe BABidi). MNopiBHAHHSA 6aniB y
XBOpWX 2 i 3 rpyn 3 mapameTpamu 4 rpynu nokasano ix
36inbLueHHs Ha 57 % i 36 % BianosiaHo. TobTo y XBopuX
Ha XCH npwu IXC cnocTepiranu 306inblUeHHs cepeHix
3HayeHb Gani Aenpecii 3a wkanoto beka, AKIWO B HKUX
6ynu metaboniyni nopywwerHs (LU 2 Tuny, OKUPIHHS YK
iX komBiHaLii), NOPIBHAHO 3 NaLieHTamMu 3 i301LOBAHO0
XCH iwemiyHoro reHesy. MNpoaHanisyBanu 3miHu piBHIB
6aniB 3a Wwkanoto aenpecii beka y miarpynax nauieHTis
i3 XCH 3anexHo Bif xapaktepy CymyTHiX MeTabonivyHnx
nopyLueHb. BctaHoBunm, wo 6anu 3a wkanot aenpecii
Beka y xBopux Ha XCH iuemiyHoro reHesy Ta L[ 2 tuny
BULWI Ha 16,2 %, Hixx npu komopbigHocTti XCH, IXC Ta
OXMpiHHA. 3icTaBneHHa GaniB 3a wWwkanow genpecii B
naujeHTie i3 XCH npwu IXC Ta kombiHauii meTaboniuHmnx
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nopyLueHs (L 2 Tuny Ta oXupiHHS) 3 napameTpom nig-
rpynu xBopux Ha XCH i LI 2 Tuny a6o XCH Ta oxupiHHA
BMU3HAYMIO BigMiHHOCTI. Tak, y xBopux 1 rpynu 6amv 3a
LIKarnot fenpecii 4OCTOBIPHO MepeBwLLyBanu Taki y
nauieHTiB 2 i 3 rpyn — Ha 45,5 % i 16,2 % BignosigHo.

Y pesyneraTi OCMimKEeHHS BUSIBNEHO, LLO 33 HasiBHO-
CTi MeTaboniyHmx nopyLeHb BinOyBaETbCSA MOTiPLUEHHS
emoujiHoro ctany xsopux Ha XCH, ocobnumeo B nigrpyni
3 noeaHaHuM nepebirom LU 2 Tuny i oXMpiHHS.

BTim, 36inbLueHHs! KinbkocTi 6anie aenpecii He Biaowu-
Ba€ TSHKKICTb 3MIH eMOLAHOrO cTaHy y xBopux Ha XCH
iLuemMiyHoro reHesy npu cynyTHboMy LI 2 Tuny, OKUPiHHI
un ix nonimop6igHocTi. ToMy HAaCTyMHWIA eTan LOCHimKeH-
HS1 — aHarni3 TSXXKOCTi AenpecuBHUX PO3najiB y nauieHTiB
i3 XCH BignoBigHo [0 cynyTHLOI natonorii. PesynsraTu
HaBeaeHo B mabnuyj 2.

Y pesynetarti aHanidy rpyn XBopux BWU3HAYMNW: Ya-
CTMHa 0BCTeXeHNX He Manu o3Hak aenpecii, a B ocib i3
[ienpecieto BCTaHOBWIHM Pi3Hi CTyNeHi TshkkocTi ii nepebiry
(nerka, nomipHa, BUpasHa, TSxKa).

Y xBopwx Ha i3onboeaHy XCH iwemiyHoro reHesy
BM3HAYMNM TiNbKu NposiBU Nerkoi genpecii. MpoaHa-
nisyBaBLwu napametpy nauieHTiB 3 XCH npu IXC, ski
manu cynyTHii LI 2 Tuny abo oXvpiHHS, BCTAHOBWIU
nepeBaxxaHHs oci6 i3 nerkoto genpecieto (52,0 % i 55,6 %
BiAMOBIAHO); MEHLLE XBOPUX i3 UMX rpyn Manu NOMipHO
BUpaxeHy aenpecito: 1/5 obcTexeHnx i3 komopbigHM
nepeb6irom XCH npu IXC ta LU 2 Tuny, 1/4 oci6 3 oxu-
piHHAM. BupasHy i Tskky aenpeciio y xsopux 3 XCH iwe-
Mi4HOTO I'eHe3y Ha TRi CynyTHLOIO OXUPIHHSA HE BUSBUMN.
IHWi pe3ynkTaTv ogepxanu y rpyni xsopux Ha XCH npu
IXCiLLA 2 Tuny: 2,4 % KOHTUHIEHTY Marnm 03HaKu TSKKOI
aenpecii, 15,2 % — BupasHoi.

Y rpyni XCH ilwemiyHoro reHe3y Ha Tni NOeAHaHOro
nepe6iry LI 2 Tvny # 0X1piHHS BCTAHOBWIY TaKWIA po3ro-
Jin XBOpyX 3aneXHO Bif TSHKKOCTI NposiBiB Aenpecii: B 1/3
XBOpWX — nerka, B 1/4 — nomipHa. BusiBunm 36inbLueHHs
BiiCOTKa OCIb Ljiei rpynu 3 BUpa3Hoto Aenpecieto — Binb-
Lwe Hix B 1/4 Bunagkis. Kpim Toro, 9,5 % xeopux Ha XCH
iLUeMiYHOrO NOXOMKeHHS, noeaHaHui nepebir LI 2 tuny
N OXMPIHHA Manu TSXKKY Aenpecito, 3a pesynbratamu
OLiHIOBaHHS 3a LuKkanoto beka. Jlerkuii nepebir aenpecii
BU3Hauumm Tinbku y 4,8 % oci6 wiei rpynu.
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XCH npu IXC,
n=30

XCH npu IXC + oxupiHHs,
n =36

XCH npu IXC + LA 2 tvny,
n =46

XCH npu IXC + LA 2 tvny
+ OXKUPIHHSA, N = 42

o
(&)

10 15 20 25

Tabnuus 3. Bnnus oxupinHs Ta LI 2 Tvny Ha po3BMTOK Aenpecii B NawjieHTiB
i3 XCH iwemiyHoro reHesy

Penpecis y xsopux 3 XCH npwm IXC
BLU (95 % Al) 95 % Ol

OXUPIHHSA 2,7 0,6098-12,5097 0,1800
LA 2 tuny 7,1667 1,4070-36,5038 0,0177
LA 2 Tuny + oxvpiHHa 30,0 4,4782-200,9700 0,0005

Ta6bnuus 4. Bnnue oxwpitHs Ta LU 2 Tuny Ha po3BrTOK BUpa3Hoi / Tsbkkoi aenpecii
y xBopux Ha XCH ilwemiyHoro rexesy

Oenpecis y xBopux Ha XCH npu IXC
BLU (95 % Al) 95 % [l _

L 2 tuny + OXUpiHHA 2,6584 1,0315-6,8511 0,0429

[ns ouiHOBaHHS! BNMBY MeTaboniyHUX NopyLLieHb
Ha PO3BUTOK EMPECMBHUX PO3NaziB BUKOpUCTaNy Bia-
HOLLEHHS LWaHciB. Y mabnuui 3 HaBeaeHi nokasHuku BLL
Ta [0BIpYOro iHTepBasny BNAvBY OXUpiHHA Ta L 2 tuny
Ha BUHWKHEHHS 1ENPECUBHUX PO3naziB y xBopux Ha XCH
iLUEMIYHOrO MOXOKEHHS.

3a JaHumu, Lo HaBefeHi B mabiuui 3, HasiBHICTb LI
2 TNy Mana BiporifHWIA BMIUB Ha BUHWKHEHHS AenpecyB-
HUX po3nagis y xBopux Ha XCH iwemiyHoro reHesy. OTxe,
3a pesynsratamu gocnimkenns, i L 2 Tuny, i ioro noea-
HaHHS 3 OXVPIHHAM MOXHa BBaxaTty (hakToOpOM puU3nKy
po3ssuTKy Aenpecii y xsopux Ha XCH npu IXC. Y nauieHTis
i3 XCH iwemi4Horo reHesy kombiHaLis meTaboniyHmx no-
pywers (LU 2 Tuny 1 OXMpiHHA) Mana CUnbHiLLIWA BNnB
Ha BUPaXEHICTb AENPECBHMX PO3NagiB, HiX HAsIBHICTb
mvwe LA Tuny (p = 0,0005 npotu p = 0,0177).

MoeaHanHsa LI 2 Tvny i oXvpiHHA acouitoBanocs 3i
30iNbLLEHHSIM PU3KKY PO3BUTKY BUPa3HOI / TKKOT fenpe-
cii'y xBopux Ha XCH iLueMi4yHOro NoxomKeHHSs MOpIBHAHO
3 naujeHtamm 3 XCH i U 2 tuny (BLU 95 % [ 2,6584;
95 % A1 1,0315-6,8511; p = 0,0429) (mabn. 4).

Y HawoMmy AOCHiIKeHHi BCTaHOBUMM, IO MeTabo-
NiYHi nopyLeHHs y xBopux Ha XCH ilwemiyHoro reHesy
BMAMBANM Ha MOLUMPEHICTb AENPECUBHMX po3nagis i
iXHIO TSXKICTb. 3ayBaxumo, wo LA 2 Tuny icToTHiwe
BMMBAB Ha BMPA3HICTb AENPECii, HK OXVPIHHS, amke
npu komopBigHocTi XCH Ta oXuMpiHHA He 3adikcyBanu
BUNAAKV BUPA3HOi UM TSXKOI Aenpecii. Ha BigMiHy Big
rpynu xsopux Ha XCH i cynyTHE OXMpIHHSA, Npy noeaHa-
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Puc. 1. Mowwmperictb
nenpecii y xgopux Ha XCH
iLuemi4Horo reqesy Ha Tni
CcynyTHiX MeTabonivHNX
po3napis.

*:p < 0,05 nopiBHsHO
3 rpynoto xBopux Ha XCH
iLUeMiYHOro r'eHesy.

29*

I, -

30 35 40 45

Homy nepebiry XCH i LI 2 Tuny maiixe B 1/5 obcTexeHnx
[ZiarHoCTyBanw BupasHy / Tshkky aenpecito. Kombinavis LI
2 TNy 1 oXupiHHA y xBopux Ha XCH npw IXC 36inbwuna
BiZICOTOK BUMazKiB BUPa3HOi / TSHKKOI Aenpecii (BinbLu Hix
TPETWHa Bif YCiX XBOPWX i3 rpynu).

06roBopeHHs

Pesynbrat gocnigxenHs 3biratotbes 3 gaHumMn A. Feta-
hu et al., ski BUSIBUNM NomipHi genpecusHi po3nagun
y make 22 % xBopux Ha XCH Ta oxupiHHa abo He-
KOHTponboBaHwii aiabeT [16]. 3a ganmmn Y. Wang et al.,
npoTArom 2-piyHoro nepiogy cnoctepexerHs y 10 %
xBopux Ha XCH i cynyTHin LI 2 Tuny 3achikcyBanu npo-
SBU TSHKKOTO fienpecuBHoro enisogdy [17]. Luppino F. S.
et al. y meTa-aHanisi (8 6aratopiuHux JOCNimkeHb) 3p0-
61Ny BMCHOBOK MPO HasiBHICTb ABOBIYHOMO 3B'A3KY MiX
Jenpecieto Ta oXMpiHHAM [18]. ABTOpM BCTAaHOBUIW, LLO
Y XBOPUX Ha OXUPIHHS PU3NK BUHUKHEHHS Aenpecii 3 Ya-
COM MiaBuMLLYETLCA Ha 55 %, a B navieHTiB i3 Aenpecieto
pU3MK OXUpIHHA 3pocTae Ha 58 %. Kpim Toro, 38’'a30k
MK OXMPIHHAM | [enpecieto CUMBHILLINIA, HiX 3B’S30K MK
HagMIpHOLO Baro Ta Aenpecieto.

Y koropTHoMy gocnifxeHHi Tae Kyung Yoo et al.
MOKa3aHO HeraTWBHWN BNAUB 36iNbLUEHHS KiNbKOCTI
MeHTanbHUX po3nagis, sK-0T Aenpecis, TPUBOXHICTb,
GinonsipHi poanaaw, 6e3coHHs Ta Wu3odpeHis, Ha nepebir
XCH y koropTi xBopux Ha L 2 tuny [19]. JocnimkeHHs
rnokasano HanbinbLLIMIA BNMVB NPOrpecyBaHHs MEHTarb-
HUX NOPYLUEHb Ha 3BinbLUEHHS pU3NKiB AekomneHcauii
XCH B oci6 Bikom <40 pokiB.

Y pocnigxetHi C. Polcwiartek et al., B sike 3anyyunm
20 906 yyacHukiB — rpomaasH CLUA, BusBunu: KniHivHy
CH y nmauieHTiB i3 TSXKAMU NCUXIYHUMU po3nagamu
(lwm3sodbpenisi, GinonspHU posnag i Taxka Aenpecis)
BUSIBNSANM Ha 7 POKIB paHiLle, HX y 3aranbHii nonynswii
[20]. HanBwLLji noka3HMKM CMEPTHOCTI B Ly KOropTi XBOPUX
BCTaHOBWIN B YOJIOBIKIB i3 TSKKMMU MCUXIYHUMM po3na-
[amu NopiBHSHO 3 0cobamm 63 MeHTanbHWX MOPYLLEHb.
BTim, y uboMy focnigkeHHi He ouiHoBanu puank CH.

Y pobori R. E. Roberts i H. T. Duong, siki 3giicHunm
OOCNIMKEHHS i3 3any4YeHHAM MigniTKOBOTO KOHTUHIEHTY,
HE BMSIBMEHO HE3ANEXHWI 3B’A30K MiX Aenpeciero Ta
OXMPIHHSIM, a 3B’A130K MOSICHEHO (hakTopamMu 0bpasy Tina
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[21]. 3a ganumm J. R. Vittengl, 38’330K MiX OXUPIHHAM i
[enpecieto 3HaYyLLMM TiNbKK B XKiHOK, 3BaXKato4n Ha eMo-
LinHi, chisnyHi Ta couianbHi ocobnueocTi [22].

BucHOBKU

1. Buwwi 6anm 3a wkanoto aenpecii beka BctaHoBUNM
Y XBOPUX Ha XPOHIYHY CepLieBY HEAOCTATHICTb iLLIEMIYHOrO
reHesy npu komop6iaHOCTi LyKpoBoro aiabety 2 Tuny,
OXMpiHHA abo noeaHaHoro nepebiry Lmx MeTaboniyHnx
naTornorii NOPIBHAHO 3 NapaMeTpamu nauieHTiB 3 i30-
NbOBAHOK XPOHIYHOK CEPLIEBOK HEJOCTATHICTIO Ha T
iLuemMiyHOi XBOpOOU cepus. Y rpyni XBOPUX Ha XPOHiYHY
CepLEeBY HEAOCTATHICTb iLUEMIYHOMO NMOXOMKEHHS Ta Npy
NOeAHaHHI XPOHIYHOT CepLIEBOI HEAOCTATHOCTI 3 LiyKPOBUM
diabetom 2 Tny abo OXMPIHHAM nepeBaxanyu ocobu
3 nerkoto aenpecieto (52-60 %). MoegHaHwii nepebir
LlyKpoBOro fiabety 2 Tuny N OXWPIHHSA B MaLuieHTiB i3
XPOHIYHOO CEpPLIEBOD HEQOCTATHICTIO Ha TN iLleMiYHOT
XBOpOOY cepus 3HUKYE BiACOTOK BUNAAKIB i3 NposiBamm
nerkoi fenpecii 4o 1/3 Big 3aranbHoi KinbkocTi ocib y
rpyni. B 1/5-1/4 nauieHTiB i3 XPOHIYHOIO CepLEeBOIO He-
[OCTaTHICTIO iLUEMIYHOTO I'eHe3y AjiarHOCTOBaHO NOMIPHY
[enpecito (3anexHo Bif CynyTHLOTO LiyKPOBOro AiabeTy 2
My abo oXxMpiHHS). KoMop6igHiCTb LykpoBoro AjabeTy 2
TMny abo Noro komBiHaLlii 3 OKUPIHHAM Y XBOPUX Ha XPo-
HiYHY cepLieBy HeOCTaTHICTb (MPOSIB iLLeMi4YHOT XBOpOtU
CepLst) xapakTepruayeTbCs BUCOKMM BifCOTKOM BUMaZKiB
BMPa3Hoi / TsHkKOI Aenpecii (8o 26 %).

2. HasBHicTb MeTaboniYH1X NOpyLLEHb, SK-OT LyKpO-
BOro AijiabeTy 2 TMny, acoLiloETLCS 3 BUHUKHEHHSIM Aienpe-
Cil B MaLieHTIB i3 XPOHIYHOK CEpLEBOI HELOCTATHICTHO
iLueMiYHoro noxomkeHHs1. lNoeaHaHuin nepedir LykpoBoro
Liabety 2 Tvny i OXMPIHHSA — HaKTOP PUSNKY BUHUKHEHHS!
Aenpecii Ta il nporpecyBaHHs [0 BUPa3HOi / TsHkkoi dop-
MU. Y XBOPWX Ha XPOHIYHY CEpLIEBY HEAOCTATHICTb Ha TIi
iLUeMiYHOT XBOPOOM CepList HAsBHICTb KOMBIHaLi CynyTHIX
LlyKpoBOro AiabeTy 2 Tuny N OXWUPIHHS € BMIVBOBILLNM
(haKTOpOM pU3MKy BUHWMKHEHHS! AENPECUBHMX PO3nagis,
Hix noegHaHHs XCH nuwe 3 Lykposum giabetom 2 Tuny.

MepcnekTuBM nopganbluMx gocnigxeHsb. icns
[leTanbHiLLIOoro AOCTIMKEHHS 3B'A3KY MiX MPOrpecyBaHHAM
[ienpecii Ta HasiBHICTIO METaboMYHNX PO3NaziB y NauieHTiB
i3 CEepLIEBOI HEOOCTATHICTHO BaXKNMBUM KPOKOM € NepCo-
Harnizavis nikyBanbHO-AiarHOCTUYHOI CTpaTerii LiMX XBOPKX.

®iHaHCcyBaHHA

AoCAipKeHHS BUKOHaHE B pamkax HAP XapkiBcbkoro
HaLliOHAABHOTO MEAMUHOTO YHIBEPCUTETY: «Po3p0obKa cTpaterii
AIarHOCTUKM, AiKyBaHHS Ta NPOrHO3yBaHHsA nepediry XpoHiuHoi
CepLeBoi HEAOCTATHOCTI iLIEMIYHOTO reHe3y Ha TAi METaBOAIYHMX
NopYyLLEHb», 3a NPOrPaMot0 HayKoBUX AOCAIAXEHb | PO3POBOK,
110 GIHAHCYETBCA 3 AEPXABHOMO BIOAXETY, AEPXPEECTPALLSA

Ne 0122U000119 (2022-2024).

KoHAIKT iHTepeciB: BiACYTHIM.
Conflicts of interest: authors have no conflict of interest to declare.

Haailwaa o peaakuii / Received: 19.05.2023
Micas poonpautoBaHHa / Revised: 05.06.2023
CxBaneHo A0 Apyky / Accepted: 16.06.2023

Maronoris. Tom 20, Ne 2(58), TpaBeHb — cepneHb 2023 p.

OpwuriHaAbHI AOCAIAKEHHSA

Biaomocrti npo aBTopiB:

Boposyk K. M., kKaHA. MeA. HayK, AOLEHT Kad. BHYTPILLHBOT
MeAULMHM Ne 2, KAIHIYHOT iMyHOAOTIT Ta @areproAorii

imeHi akapemika A. T. Manoi, XapkiBCbkuii HaLiOHaAbHUI
MEAWMYHUI YHIBEPCHTET, YKpaiHa.

ORCID ID: 0000-0003-2155-4865

PuHaiHa H. T, A-p Mea. Hayk, npodecop kad. BHYTPILLIHBOT
MeAULMHM No 2, KAIHIYHOT iMyHOAOTIT Ta @areproAorii

iMeHi akapemika A. T. Manoi, XapkiBCbKuii HaLioOHaAbHUIA
MEAWMYHUI YHIBEPCHTET, YKpaiHa.

ORCID ID: 0000-0003-2731-4491

Kaaukoga O. |, o-p MeA. Hayk, npodecop kad. BHYTPILLHBOI
MeAULMHM Ne 2, KAIHIYHOT iMyHOAOTiT Ta aneproAorii

iMeHi akapeMika A. T. Manoi, XapkiBCbKuii HaLiOHaAbHUI
MeAUYHWUI YHiBepcuTeT, YkpaiHa.

ORCID ID: 0000-0002-0108-0597

KpaBuyH [1. T, A-p MeA. Hayk, Npodecop kad. BHYTPILUHBOI
MeAULMHM Ne 2, KAIHIYHOT iMyHOAOTiT Ta aneproAorii

iMeHi akapemika A. T. Manoi, XapkiBCbKuit HaLioOHaAbHUI
MEAWMYHUI YHIBEPCHTET, YKpaiHa.

ORCID ID: 0000-0002-8285-6763

Information about the authors:

Borovyk K. M., PhD, Associate Professor of the Department

of Internal Medicine 2, Clinical Immunology and Allergology
named after Academician L. T. Malaya, Kharkiv National Medical
University, Ukraine.

Ryndina N. H., MD, PhD, DSc, Professor of the Department

of Internal Medicine 2, Clinical Immunology and Allergology
named after Academician L. T. Malaya, Kharkiv National Medical
University, Ukraine.

Kadykova O. I., MD, PhD, DSc, Professor of the Department

of Internal Medicine 2, Clinical Immunology and Allergology
named after Academician L. T. Malaya, Kharkiv National Medical
University, Ukraine.

Kravchun P. H., MD, PhD, DSc, Professor of the Department

of Internal Medicine 2, Clinical Immunology and Allergology
named after Academician L. T. Malaya, Kharkiv National Medical
University, Ukraine.

References

1. Dixon, D. D., Xu, M., Akwo, E. A., Nair, D., Schlundt, D., Wang, T. J.,
Blot, W. J., Lipworth, L., & Gupta, D. K. (2022). Depressive Symptoms
and Incident Heart Failure Risk in the Southern Community Cohort
Study. JACC. Heart failure, 10(4), 254-262. https://doi.org/10.1016/).
jchf.2021.11.007

2. Wu, Y., Chen, Z., Duan, J., Huang, K., Zhu, B., Yang, L., &
Zheng, L. (2021). Serum Levels of FGF21, B-Klotho, and BDNF in
Stable Coronary Artery Disease Patients With Depressive Symptoms:
A Cross-Sectional Single-Center Study. Frontiers in psychiatry, 11,
587492. https://doi.org/10.3389/fpsyt.2020.587492

3. Larsen, K. K., Vestergaard, C. H., Schougaard, L. M., Larsen, L. P.,
Jessen, A., May, O., & Hjellund, N. H. (2016). Contacts to general
practice and antidepressant treatment initiation after screening for
anxiety and depression in patients with heart disease. Danish medical
journal, 63(2), A5185.

4. Murphy, B., Le Grande, M., Alvarenga, M., Worcester, M., & Jack-
son, A. (2020). Anxiety and Depression After a Cardiac Event: Prev-
alence and Predictors. Frontiers in psychology, 10, 3010. https://doi.
org/10.3389/fpsyg.2019.03010

5. De Luca, L., Temporelli, P. L., Amico, A. F., Gonzini, L., Uguc-
cioni, M., Varani, E., Brunetti, N. D., Colivicchi, F., Gabrielli, D., &
Gulizia, M. M. (2021). Impact of history of depression on 1-year
outcomes in patients with chronic coronary syndromes: An analysis
of a contemporary, prospective, nationwide registry. International
journal of cardiology, 331, 273-280. https://doi.org/10.1016/j.
ijcard.2020.12.086

6.  Horowitz, M. A., & Zunszain, P. A. (2015). Neuroimmune and neuro-
endocrine abnormalities in depression: two sides of the same coin.
Annals of the New York Academy of Sciences, 1351, 68-79. https:/
doi.org/10.1111/nyas.12781

7. Gold, S. M., & Irwin, M. R. (2009). Depression and immunity: inflam-
mation and depressive symptoms in multiple sclerosis. Immunology
and allergy clinics of North America, 29(2), 309-320. https://doi.
org/10.1016/j.iac.2009.02.008

8. Von Kanel, R. (2004). Platelet hyperactivity in clinical depression and
the beneficial effect of antidepressant drug treatment: how strong is the

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

145


https://orcid.org/0000-0003-2155-4865
https://orcid.org/0000-0003-2731-4491
https://orcid.org/0000-0002-0108-0597
https://orcid.org/0000-0002-8285-6763
https://doi.org/10.1016/j.jchf.2021.11.007
https://doi.org/10.1016/j.jchf.2021.11.007
https://doi.org/10.3389/fpsyt.2020.587492
https://doi.org/10.3389/fpsyg.2019.03010
https://doi.org/10.3389/fpsyg.2019.03010
https://doi.org/10.1016/j.ijcard.2020.12.086
https://doi.org/10.1016/j.ijcard.2020.12.086
https://doi.org/10.1111/nyas.12781
https://doi.org/10.1111/nyas.12781
https://doi.org/10.1016/j.iac.2009.02.008
https://doi.org/10.1016/j.iac.2009.02.008

146

Original research

20.

21.

22.

evidence?. Acta psychiatrica Scandinavica, 110(3), 163-177. https:/
doi.org/10.1111/j.1600-0447.2004.00308..x

Chobufo, M. D., Khan, S., Agbor, V. N., Rahman, E., Foryoung, J. B.,
Jolayemi, A., Jonnadula, S., Patel, N., Enoru, S., Dufresne, A., &
Nfor, T. (2020). 10-Year trend in the prevalence and predictors of
depression among patients with heart failure in the USA from 2007-
2016. International journal of cardiology, 301, 123-126. https://doi.
org/10.1016/j.ijcard.2019.09.028

Tsabedze, N., Kinsey, J. H., Mpanya, D., Mogashoa, V., Klug, E., &
Manga, P. (2021). The prevalence of depression, stress and anxiety
symptoms in patients with chronic heart failure. International journal
of mental health systems, 15(1), 44. https://doi.org/10.1186/s13033-
021-00467-x

Dadkhah-Tirani, H., Salari, A., Ashouri, A., Nouri-Saeed, A., & Ja-
vadzadeh-Moghtader, A. (2020). Depressive symptoms and major
adverse cardiovascular events: 12-month follow-up in patients under-
going angiography. ARYA atherosclerosis, 16(4), 185-191. https://doi.
org/10.22122/arya.v16i4.1955

Sun, H., Saeedi, P., Karuranga, S., Pinkepank, M., Ogurtsova, K.,
Duncan, B. B., Stein, C., Basit, A., Chan, J. C. N., Mbanya, J. C.,
Pavkov, M. E., Ramachandaran, A., Wild, S. H., James, S.,
Herman, W. H., Zhang, P., Bommer, C., Kuo, S., Boyko, E. J., &
Magliano, D. J. (2022). IDF Diabetes Atlas: Global, regional and
country-level diabetes prevalence estimates for 2021 and projections
for 2045. Diabetes research and clinical practice, 183, 109119. https:/
doi.org/10.1016/j.diabres.2021.109119

Lloyd, C. E., Nouwen, A., Sartorius, N., Ahmed, H. U., Alvarez, A.,
Bahendeka, S., Basangwa, D., Bobrov, A. E., Boden, S., Bulgari, V.,
Burti, L., Chaturvedi, S. K., Cimino, L. C., Gaebel, W., de Girolamo, G.,
Gondek, T. M., de Braude, M. G., Guntupalli, A., Heinze, M. G., Ji, L.,
Xin, Y. (2018). Prevalence and correlates of depressive disorders in
people with Type 2 diabetes: results from the International Prevalence
and Treatment of Diabetes and Depression (INTERPRET-DD) study, a
collaborative study carried out in 14 countries. Diabetic medicine, 35(6),
760-769. https://doi.org/10.1111/dme. 13611

Liu, L., Shi, Z., Ji, X., Zhang, W., Luan, J., Zahr, T., & Qiang, L. (2022).
Adipokines, adiposity, and atherosclerosis. Cellular and molecular
life sciences : CMLS, 79(5), 272. https://doi.org/10.1007/s00018-
022-04286-2

Jackson-Koku, G. (2016). Beck Depression Inventory. Occupational
medicine, 66(2), 174-175. https://doi.org/10.1093/occmed/kqv087
Fetahu, A., Rrustemi, K., Henein, M. Y., Bytygi, B., Mehmeti, F., Bytygi,
1., & Kamberi, L. (2021). Obesity and Uncontrolled Diabetes Predict
Depression in HF Patients. Journal of clinical medicine, 10(23), 5663.
https://doi.org/10.3390/jcm 10235663

Wang, Y., Yang, H., Nolan, M., Burgess, J., Negishi, K., & Marwick, T. H.
(2018). Association of depression with evolution of heart failure in
patients with type 2 diabetes mellitus. Cardiovascular diabetology,
17(1), 19. https://doi.org/10.1186/s12933-018-0664-5

Luppino, F. S., de Wit, L. M., Bouvy, P. F., Stijnen, T., Cuijpers, P,
Penninx, B. W., & Zitman, F. G. (2010). Overweight, obesity, and
depression: a systematic review and meta-analysis of longitudinal
studies. Archives of general psychiatry, 67(3), 220-229. https://doi.
org/10.1001/archgenpsychiatry.2010.2

Yoo, T. K., Han, K. D., Rhee, E. J., & Lee, W. Y. (2023). Impact of
mental disorders on the risk of heart failure among Korean patients
with diabetes: a cohort study. Cardiovascular diabetology, 22(1), 115.
https://doi.org/10.1186/s12933-023-01809-4

Polcwiartek, C., Loewenstein, D., Friedman, D. J., Johansson, K. G.,
Graff, C., Serensen, P. L., Nielsen, R. E., Kragholm, K., Torp-Peder-
sen, C., Seggaard, P., Jensen, S. E., Jackson, K. P., & Atwater, B. D.
(2021). Clinical Heart Failure Among Patients With and Without Severe
Mental lliness and the Association With Long-Term Outcomes. Cir-
culation. Heart Failure, 14(10), e008364. https://doi.org/10.1161/
CIRCHEARTFAILURE.121.008364

Roberts, R. E., & Duong, H. T. (2015). Does major depression affect risk
for adolescent obesity?. Journal of affective disorders, 186, 162-167.
https://doi.org/10.1016/}.jad.2015.06.030

Vittengl, J. R. (2018). Mediation of the bidirectional relations between
obesity and depression among women. Psychiatry research, 264,
254-259. https://doi.org/10.1016/j.psychres.2018.03.023

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

Pathologia. Volume 20. No. 2, May — August 2023


https://doi.org/10.1111/j.1600-0447.2004.00308.x
https://doi.org/10.1111/j.1600-0447.2004.00308.x
https://doi.org/10.1016/j.ijcard.2019.09.028
https://doi.org/10.1016/j.ijcard.2019.09.028
https://doi.org/10.1186/s13033-021-00467-x
https://doi.org/10.1186/s13033-021-00467-x
https://doi.org/10.22122/arya.v16i4.1955
https://doi.org/10.22122/arya.v16i4.1955
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1111/dme.13611
https://doi.org/10.1007/s00018-022-04286-2
https://doi.org/10.1007/s00018-022-04286-2
https://doi.org/10.1093/occmed/kqv087
https://doi.org/10.3390/jcm10235663
https://doi.org/10.1186/s12933-018-0664-5
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1186/s12933-023-01809-4.
https://doi.org/10.1161/CIRCHEARTFAILURE.121.008364.
https://doi.org/10.1161/CIRCHEARTFAILURE.121.008364.
https://doi.org/10.1016/j.jad.2015.06.030
https://doi.org/10.1016/j.psychres.2018.03.023

UDC 616.832.94-005.1-085.21-074-092.9 . . .
DOI: 10.14739/2310-1237.2023.2.279845 @) PUTTHaAAbHI AOCAIAXEHHA

The influence of acelysin and nimotop on the cellular response
of the hippocampus during the dynamics of experimental
subarachnoid hemorrhage
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Aim. Immunohistochemical study of rat hippocampal neurons and astrocytes at different time-points of experimental brain  Key words:
hemorrhage treated with acelysin and nimotop. subarachnoid

. . . . . ) hemorrhage,
Materials and methods. Subarachnoid hemorrhage (SAH) was modeled according to R. V. Dudhani et al. using 35 Wistar cerebral aneurysm

rats which were divided into 7 groups. Animals of the 1%t and 2™ groups, for 4 and 7 days respectively received acelysin at a rupture, GFAP
dose of 15 mg/kg once a day; animals of the 3" and 4" groups received nimodipine at a dose of 0.3 mg/kg every 8 hours for NeuN C’ASP3’
4 and 7 days. In groups 5" and 6" (control), SAH was modeled without treatment with observation periods of 4 and 7 days, ' ’
respectively. The 7" group consisted of intact animals. Hippocampal CA1 fields were studied immunohistochemically evaluating

the expression of CASP3, NeuN, GFAP by the relative area of immunostaining in ImageJ. Pathologia, 2023. 20(2),

147-153
Results. CASP3 expression in hippocampal neurons increases by 2.3 and 5.7 times on day 4 and by 1.8 and 3.9 times on day
7 of experimental SAH (groups 1-4) compared to intact group. GFAP expression increases in all observation groups compared
to intact animals with the maximum values in the 5" group — by 8.14 times. The dynamics of NeuN expression in hippocampal
neurons when using acelysin and nimotop corresponds to the inverse dynamics of CASP3 expression. The NeuN expression
increases maximally on the 7* day of acelysin use and is equal to 91.76 % of the intact group values.

*E-mail:
aupolkovnikov@gmail.
com

Conclusions. The experimental SAH is accompanied by a change in the expression of CASP3, NeuN in neurons and GFAP
in astrocytes. The use of acelysin and nimotop leads to decrease in CASP3 expression in hippocampal neurons on the 4
day by 3.82 and 1.54 times compared to control group, and on the 7" day by 4.00 and 1.84 times, respectively, which reflects
the positive effect of the therapy on the prevention of apoptotic death of hippocampal neurons. Compared with nimotop, the
use of acelicine significantly increases the expression of NeuN on day 4 and 7 — by 1.84 and 1.95 times, respectively, which
indicates a more pronounced neuroprotective effect of acelysin on hippocampal neurons in SAH. Increased GFAP expression
reflects the dynamic reactive remodeling of astrocytes, while the use of acelysin and nimotop does not affect the reduction of
GFAP levels on days 4 and 7 of SAH and their return to baseline values. The results of the present experimental study provide
a theoretical justification of the feasibility of including metabolitotropic drugs in the basic therapy of SAH.

BnAuB aueAi3uHy Ta HIMOTONY Ha KAITUHHY BiAnoBiAb rinokamna Katouoi croBa:
. . . AK
B AMHaMiLi eKcnepUMeHTaAbHOro cybapaxHoiAaAbHOTO KPOBOBUAUBY gepég;:/r\)::o]'
. . aHeBpu3mu, GFAP,

0. 10. MNMonkoBHiKoB, C. |. TepTULLHKK NeuN, CASP3.
MeTa po60T1 — iMyHOFCTOXIMIYHE JOCTIMKEHHS HEPOHIB Ta aCTPOLMTIB rinokamna LLypiB Y pidHi TEPMIHW ekcnepuMeHTarb-

HOTro KPOBOBWINBY B YMOBaX 3aCTOCYyBaHHA aueni3MHy Ta HiMOTOI'Iy. Maronoris. 2023.

T. 20, N2 2(58).

Marepianu Ta metogu. CybapaxHoigansHuit kposounus (CAK) mogentosany Ha 35 wypax niii Bictap, akux noginunn Ha  €.147-153
7 rpyn. TeapuHu 1i 2 rpyn npotsirom 4 i 7 fi6 BignosigHo oTprMyBanu aueniavH y nosi 15 Mr/kr ogvH pas Ha goby; TeapuHm 3

i 4 rpyn ynpogoBx 4 i 7 pi6 ogepxysanu HiMmoguniH y £03i 0,3 mr/kr koxHi 8 roguH. Y 5 6 rpynax (KOHTporbHi) mogentoBanm

CAK 6e3 nikyBaHHSI, TEpMiHW cnocTepeeHHs — 4 i 7 fib BianoBigHO. IHTakTHI TBapunHu cchopmysanm 7 rpyny. Mogens CAK

BiATBOpEeHa 3 ypaxyBaHHsmM meToauki R. V. Dudhani et al. Y rictonoriynnx 3paskax nons CA1 rinokamna 3a 4ONoMOoror npo-

rpamm Imaged oujHioBanu BigHOCHY nnoLy imyHorictoximiuHoi ekcnpecii CASP3 1a NeuN y HelpoHax, GFAP B acTpouuTax

TBAPWH YCiX rpyn.

Pesynsratu. Ekcnpecis CASP3 y HellpoHax rinokamna 3pocTae y 2,3 1a 5,7 pasa Ha 4 o6y, B 1,8 Ta 3,9 pasa — Ha 7 poby
ekcnepumerTanbHoro CAK (rpynu 1—4) wopo nokasHuka iHTakTHoi rpynu. Ekcnpecis GFAP cyTTeBo 3pocTtae B ycix rpynax
CMOCTEePEXeHHS LLIoAO0 NapaMeTpIB iHTAKTHWUX TBAPWH, MakcuMarbHi NokasHuku 3adhikcoBaHo B 5 rpyni — 30inbLUeHHs ekcnpecii
B 8,14 pasa. inHamika excnipecii NeuN B HelpoHax rinokamna npu BUKOPUCTaHHI aueniauHy M HIMOTOMy BiAnoBiAae 3BOPOTHIl
annawmiui ekcnpecii CASP3. Exkcnpecist NeuN makcmarnbHO nigBuLLyeTbes Ha 7 4oby BUKOPUCTaHHS auenisuHy i CTaHoBUTb
91,76 % Bin NOKa3HWKIB iHTAKTHOI rpynu.

BucHoBku. Possutok CAK B ekcnepumeHTi cynpoBomkyeTbest amiHoto exkcnpecii CASP3, NeuN y Heiiporax i GFAP B acTpo-
umMTax. 3acTocyBaHHs aLeniauHy 1 HIMOTOMY CPUYKMHSIE 3HMKeHHs ekcnpecii CASP3 y HelipoHax rinokamna Ha 4 foby B 3,82
Ta 1,54 pa3a NopiBHAHO 3 KOHTPOILHOK rPyMoto, Ha 7 foby — B 4,00 Ta 1,84 pasa BignosiagHo. Lie BinbvBae no3nTvBHWIA BNVB
npu3Ha4eHoi Tepanii Woao 3anobiraHHs 3arvbeni HepoHiB rinokamna. ALENi3vH NOPIBHSHO 3 HIMOTOMOM CYTTEBILLE NiABULLYE
ekcnpecito NeuN Ha 4 i 7 gHi — B 1,84 i 1,95 pa3a BignosigHo. Lle cBigunTb npo GinbLL BUPaXEHUIN HePONPOTEKTOPHWIA BNINB
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auenisuHy Ha HelpoHu rinokamna npu CAK. MocunexHs ekcnpecii GFAP npu CAK Binbvsae anHamiyHe peakTUBHE pemo-
AentoBaHHs acTPOLMTIB, @ BUKOPUCTaHHS aLenisvHy Ta HIMOTOMYy He BNnuBae Ha 3HWkeHHs piBHiB GFAP Ha 4, 7 noby CAK i
NOBEPHEHHS X 40 BUXIZHUX NOKA3HWKIB. EKCnepuMeHTanbHe JOCHiMKEeHHS TEOPETUYHO 0OrPYHTOBYE AOLNbHICTb BKIOYEHHS

meTaboniToTponHMx npenapartie 4o 6asucHoi Tepanii CAK.

Rupture of cerebral arterial aneurysms in the majority of
cases manifests by subarachnoid hemorrhage (SAH) of
varying severity. The latter is complicated by the formation
of parenchymal hematoma in 39.8 % and intraventricular
hemorrhage in 44.3 % of cases [1].

The early complications of SAH at the first 72 hours
are represented by the early brain injury, while during
next 4-30 days delayed complications develop in form
of delayed brain injury. Aneurysm rupture triggers patho-
physiological processes that lead to brain damage and
impairment of the latter’s function. Neuronal death and
damage to the endothelium leads to cytotoxic edema
and destruction of the blood-brain barrier, followed by
the development of vasogenic edema [2]. In addition, cell
death is caused by insufficiency of microcirculation, mi-
crothrombosis, changes in ion homeostasis, excitotoxicity,
oxidative stress, and neuronal edema [3]. Historically, it
was believed that delayed cerebral ischemia (DCI) is
a frequent complication of SAH and is one of the main
causes of poor functional outcome. It was supposed that
DCl is caused by cerebral vasospasm, but recent clinical
trials failed to confirm this hypothesis. Since then, human
and animal studies have evidenced the multifactorial
pathophysiology of DCI [4].

In order to study the molecular mechanisms of SAH,
as well as the action of potential neuroprotectors, the
expression and synthesis of proteins that regulate the cell
cycle and modulate compensatory cellular reactions du-
ring ischemia are currently being actively studied. Among
these proteins, caspases play a special role being the
main companions of cellular apoptosis / necrosis as well
as strong instigators of the pro-inflammatory response
[5], GFAP (glial fibrillary acidic protein), the marker of
damage and reactive responses of astrocytes [6], as well
as NeuN - loss of the immunoreactivity is indicative for
neuronal damage.

Currently, both surgical and therapeutic methods are
used to reduce the complications of aneurysmal subarach-
noid hemorrhage, in particular delayed cerebral ischemia.
According to previous studies, nimodipine treatment of
aneurysmal subarachnoid hemorrhage reduces second-
ary ischemia and shows a favorable trend in mortality, and
although nimodipine is a component of the most current
guidelines for the drug therapy of SAH, there is no reliable
confirmation of its effectiveness [7].

The search for pharmacological agents which can
reduce complications of cerebral aneurysm rupture
continues. One of such agents is aspirin. Regular use of
aspirin can positively affect the risk of DCI and the out-
comes of patients with SAH, without increasing the risk
of clinically significant bleeding [8]. The injectable form of
acetylsalicylic acid is acelysin, which properties increase
its bioavailability and analgesic effect. The drug penetrates
most body tissues, including synovial, cerebrospinal, and
peritoneal fluids. It is hydrolyzed in the blood, forming
acetylsalicylic acid and lysine. Lysine, in turn, is able to
transform into pipecolic acid and increase the affinity of
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GABA receptors, which leads to a decrease in anxiety
and fear and providing anxiolytic effect. In addition, L-ly-
sine reduces NMDA hyperexcitability, excitotoxicity, and
preserves the viability of neurons in the hippocampus and
sensorimotor cortex [9].

Thus, nimodipine and acelysin can be considered
important elements of drug therapy of subarachnoid
hemorrhage, necessary for the prevention of secondary
complications of a cerebral aneurysm rupture. Despite
some positive experience of using these drugs in the
treatment of subarachnoid hemorrhages [10,11,12],
their influence on the mechanisms of brain cellular
damage, reactiveness and death still remains insuffi-
ciently studied.

Aim
Immunohistochemical study of rat hippocampal neurons

and astocytes at different time-points of experimental brain
hemorrhage treated with acelysin and nimotop.

Materials and methods

The experimental study was performed using 35 Wistar
rats of both sexes weighing 170-230 g (10-12 weeks old),
which underwent preliminary acclimatization for 14 days.

Care, maintenance and feeding of animals was car-
ried out in standard conditions of a stable microclimate
of the educational and scientific medical and laboratory
center of Zaporizhzhia State Medical and Pharmaceu-
tical University under conditions of a 12-hour daylight.
Animals were fed by standardized ration feed “Rezon-1"
KP-120-1 with free access to food and water and ex-
clusion of stress factors. Rats were housed in standard
conventional polycarbonate cages (Tecniplast S.p.A.,
Italy) measuring 610 x 435 x 215 mm or 335 x 235 x 190
mm, 5 animals each.

Animals were divided into 7 experimental groups:
animals receiving acelysin in a standard therapeutic dose
(15 mg/kg once a day), animals receiving nimodipine in
a standard therapeutic dose (0.3 mg/kg every 8 hours
(8:00 a. m., 4:00 p. m. and 12:00 p. m.), two control and
one intact group:

Group 1— SAH treated with acelysin for 4 days (n = 5);

Group 2 — SAH treated with acelysin for 7 days (n =5

Group 3 — SAH treated with nimotop for 4 days (n=5

Group 4 — SAH treated with nimotop for 7 days (n =

Group 5 (control) — SAH untreated, 4 days (n =5

Group 6 (control) — SAH untreated, 7 days (n =5

Group 7 — intact animals (n = 5).

Only healthy animals were included in the study.
Before the beginning of the study, the commission on
bioethics of the Zaporizhzhia State Medical and Pharma-
ceutical University checked and approved the study proto-
col, as well as all procedures related to the maintenance
of animals, their humane treatment and their use in the
experiment. All procedures were conducted according to
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the European convention for the protection of vertebrate
animals (Strasbourg, 18 March 1986; ETS No. 123) and
the Directive 2010/63/EU.

Experiment design: The SAH was modeled accord-
ing to R. V. Dudhani et al. [13], but without aspiration of
cisternal cerebrospinal fluid and with a single injection
of autoblood. Anesthesia was performed by slow intra-
venous administration of sodium thiopental 40 mg/kg
through the tail vein using a 26 G needle. Rats were
prewarmed under heat lamp for 5 minutes to dilate
the tail vein before sodium thiopental administration.
Surgical intervention was run under aseptic conditions
on a heated table (37 °C) to maintain body temperature
during the procedure. For disinfection, the tail and sub-
occipital puncture sites were treated with chlorhexidine
in 70 % ethanol. Blood aspirated by incision of the tail
vein in a volume of 0.20 ml was drawn into a syringe
with heparin immediately before injection. A puncture
of the large occipital cistern was performed, after which
0.20 ml of collected autologous blood was injected. SAH
as a manifestation of hemorrhagic stroke developed
immediately after blood injection into the subarachnoid
space. After the operation, a 6 % glucose solution was
given to the drinker next to the water bowl. Food was
also placed on the bottom of the cage to facilitate its
intake. Nimodipine was administered intraperitoneally
at a dose of 0.3 mg/kg every 8 hours (8:00 a. m., 4:00
p. m. and 12:00 p. m.), acelysin 15 mg/kg once a day
at 10.00 a. m. Animals were withdrawn from the expe-
riment on days 4" and 7.

The cerebral hemispheres were fixed in a 10 % neu-
tral formalin and dehydrated in a battery of ethyl alcohol.
For general histopathology, sections were stained with
hematoxylin and eosin. Paraffin sections of 3 ym thick-
ness were used for immunohistochemical studies. De-
paraffinization, rehydration, and antigen unmasking were
performed by heating in a citrate buffer of pH 6.0 using the
PT Thermo Fisher Scientific module. Endogenous peroxi-
dase was blocked with a 3 % hydrogen peroxide. After
conditioning with Ultra V Block, incubation with antibodies
was carried out in accordance with the instructions of the
antibody manufacturer. Visualization was performed using
the UltraVision Quanto HRP + DAB system with additional
staining with Mayer’s hematoxylin. Mouse Monoclonal
Antibody GFAP (2E1) sc-33673, LOTG1819 (Santa
Cruz Biotechnology, inc.), Mouse Monoclonal Antibody
Caspase 3 (CASP3) p17 (D-12) sc-373730, LOTj15t2
(Santa Cruz Biotechnology, Inc.) and Mouse Monoclonal
Antibody NeuN (0.N.211) sc- 71667, LOTL2807 (Santa
Cruz Biotechnology, inc.) were used.

The object of study was the hippocampus as the fairly
plastic brain region which plays a crucial role in various
forms of behavioral plasticity and response to adverse
environmental factors.

The expression of caspase 3 and NeuN in hippocam-
pal (fields CA 1) neurons and GFAP in adjacent astrocytes
was assessed in the treated and control groups on the 4%
and 7" experimental day as well as in the intact rats as the
relative area of immunopositive labels to the total area of
standardized field of view (SFV) of the microscope “Primo
Star” with videosystem “Axiolab” (CarlZeiss, Germany)
at magnification x400 using ImageJ software. At least
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10 samples were studied for each observational period
in each group.

Statistical analysis was performed using the
software Statistica for Windows 13 (StatSoft Inc.,
No. JPZ8041382130ARCN10-J). Obtained data were ex-
pressed as median (Me), lower and upper quartiles (Q1;
Q3). Comparison between 3 groups or more was performed
using one-way Kruskal-Wallis analysis of variance. The
differences between the compared values were considered
statistically significant at the level of 95 % (p < 0.05).

Results

The subarachnoid hemorrhage led to pronounced
structural changes in the neuronal population of the hip-
pocampus. Focal or total hyperchromatosis was noted in
a significant part of neurons (Fig. 7). The neurons were
of different sizes, there were “shadow cells” and areas
of neuronal loss, which disrupted the orderly cellular
architecture of the hippocampus. In preserved individual
neurons, condensation of chromatin and different sized
nucleoli were noted, as well as nuclear and cytoplasmic
vacuolation.

Modeling of subarachnoid hemorrhage led to statisti-
cally significant changes in the GFAP, NeuN and CASP3
expression. The dynamics of the protein’s expression was
different depending on the experimental group and terms.

Minimal cytoplasmic expression of CASP3 in neurons
was noted in the intact group, which was comparable to
the background staining (Fig. 2). SAH led to a significant
increase in CASP3 levels in neurons of control groups
5 and 6 — respectively 8.8 and 7.2 times higher than in
intact animals (Fig. 3).

After treatment by acelysin and nimotop on the 4"
day of the experiment, the expression of CASP3 in neu-
rons was increased compared to intact group by 2.3 and
5.7 times, respectively. On the 7\ day, these indicators
were 1.8 and 3.9 times, respectively, which reflected the
beneficial effect of these drugs in terms of prevention
against apoptotic neuronal death. The antiapoptotic
effect of acelysin was expressed to a greater degree
compared to nimotop. Thus, in the 1%t and 2™ groups,
CASP3 expression in neurons was smaller by 59.64 %
and 53.84 %, respectively, compared to the 3 and 4"
observed groups. Uneven expression of CASP3 in the
neurons of the affected hippocampal zones could be
explained by the regionally different tolerance of the
neurons to ischemia.

GFAP expression in astrocytes showed increase
in all observation groups compared to the intact group,
where expression was equal to 1.4 % (Fig. 4). In the 1
and 2™ groups, the expression was increased by 4.57
and 4.71 times, with a statistically unreliable difference
between these two periods. In the 3 and 4" groups,
GFAP expression was increased by 6.21 and 4.71 times,
respectively, with a statistically significant difference
between the two observation periods. In control groups,
on the 4" and 7™ day the expression was increased by
8.14 and 5.85 times, respectively, in relation to intact
group. Thus, the most pronounced expression of GFAP
was noted in the control 5" group on the day 4. In these
observations, the layer of pyramidal neurons was sur-
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Fig. 1. Hyperchromatosis of hippocampal neurons on the 4" day of experimental SAH.
Hematoxylin and eosin staining. Mag. x400.

Fig. 2. Hippocampal expression of caspase 3 in the intact rat. Mo Monoclonal Antibody
Anti-Caspase 3 p17 (D-12) sc-373730. Mag. x100.

Fig. 3. Hippocampal expression of caspase 3 in control rat (group 5, day 4).
Mo Monoclonal Antibody Anti-Caspase 3 p17 (D-12) sc-373730. Mag.x100.

Fig. 4. Hippocampal expression of GFAP in the intact rat. Mo Monoclonal Antibody Anti-
GFAP (2E1) sc-33673. Mag. x100.

Fig. 5. Hippocampal expression of GFAP in control rat (group 5, day 4). Mo Monoclonal
Antibody Anti-GFAP (2E1) sc-33673. Mag. x100.

Table 1. Levels of CASP3 and NeuN in neurons and GFAP in astrocytes in the rounded by a dense network of astrocyte bodies and

hippocampus of rats with SAH on the 4" and 7*" day and in intact group their processes (Fig. 5).

o e Jee  kan ] 105 esser oxtent wat detectod I the porpucionr

CASPS ar and to a lesser extent was detected in the perinuclear

Group 1, SAH + acelysin, 2.3 (2.0; 2.4y 457,770 2(3.9;4.5) . .
day4,n=5 cytoplasm. In control observations, the NeuN expression
Group 2, SAH + acelysin, 18(1522*  66(6.1,7.2"  78(17;83)" was minimal: 1.7 % and 0.8 % on the 4" and 7" day, re-
day7,n=5 spectively, which indicated the growth of delayed cerebral
Group 3, SAH + nimotop 5.7(5.0;6.57)*  8.7(8.0;9.2) 2.5(1.2;29) ischemia in the indicated periods. The dynamics of NeuN
day4,n=5

expression in neurons when using acelysin and nimotop

dG;'3u7p :,=ng + nimotop 393642 104 (10.0;10.7)* 4.0 (3.5 4.3)" indirectly corresponded to the dynamics of CASP3 expres-
Group 5, control, 8.8 (8.1: 9.4) 1.4(105121) 1.7 (1.3 2.0) sion in these cells. Thus, the increase in neuronal NeuN
day4,n=5 was associated with decrease in their CASP3 expression.
Group 6, control; 7.2(7.0;7.7) 8.2(7.9;8.7) 0.8 (0.7;1.1) This supports the mention of protective properties of
day7,n=5 acelysin and nimotop in terms of reducing the apoptotic
Intact, n =5 10(07:12) 14(09:17) 8.5(7.7:8.9) neuronal death. Quantitative indicators of the expression
*:p < 0.05 compared to the control; **: p < 0.05 compared to 4 days SAH animals. of the studied markers are provided in Table 1 and Fig. 6.
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Discussion

We obtained the data regarding the CASP3 and NeuN
expression in neurons and GFAP in astrocytes demon-
strate predictable changes in the hippocampus cell pop-
ulations in response to subarachnoid hemorrhage and
the associated ischemic damage. The multidirectional
expression dynamics of individual markers recorded on
the experimental days 4" and 7", to some extent reflect
the processes of intensification of both neurodegeneration
and neuroplasticity, as well as the influence of the studied
drugs. It is known that in the acute period of ischemia,
the processes of cellular death are started in the form of
necrosis/apoptosis with subsequent hyperexpression of
proapoptotic proteins, including caspases. Increased ex-
pression of caspase, which also takes partin postischemic
activation of neuroplasticity, gradually decreases during
the subacute period. Increased caspase expression
associated with ischemic damage has been described
both in experimental studies [14] and in patients with
stroke [15]. However, according to several authors, cell
apoptosis can play an important role in brain damage
after SAH [16]. The decline in neuronal CASP3 under
action of acelysin and nimotop indicates a decrease in
the processes of apoptosis when using pharmacological
treatment. Herewith, the most pronounced decrease in
CASP3 was observed 7 days after the use of acelysin,
which supports the possibility of effective use of this drug
to alleviate ischemic brain trauma after SAH. In the same
period (7 days), the maximum expression of NeuN in
neurons indicates the minimally expressed processes of
cell death in this period under the conditions of acelysin
use. It is believed that neuronal NeuN acts as a protein
synthesis and protein expression modulator during cellular
response to ischemia.

The effectiveness of the aspirin use in SAH is con-
troversial, which follows from numerous scientific studies
devoted to this issue [17,18,19]. Some data indicate that
short-term (up to 3 months) aspirin use is associated with
an increased risk of aneurysmal SAH [20]. Another study
emphasizes that long-term aspirin use is not associated
with mortality or complications after SAH [21]. Although
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Fig. 6. Hippocampal expression
11.4 of CASP3 and NeuN in neurons

and GFAP in astrocytes in

rats with SAH and intact rats

on days 4™ and 7™, expressed
8.5 in the relative area of the
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SAH, day 7;

6 7 Group 7 — intact.
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the exact effect of antiplatelet agents on the outcome after
aneurysmal SAH is not sufficiently elucidated, there is still
an assumption that platelet adhesion inhibitors reduce
the risk of delayed cerebral ischemia and, thus, have a
beneficial effect on clinical outcomes [22].

Upregulation of GFAP is widely considered as indica-
tive sign for reactive state and morphological remodeling
of astroglia in response to different neuropathologies
with ischemic and complex mechanisms [23]. Significant
increase in GFAP expression in the acute period of SAH
also points to reactive astroglial remodeling. Literature
data show that the level of GFAP significantly increases
in the blood of patients with SAH during the development
of hemorrhage and 24 hours after it. Elevated blood
GFAP levels at hospital admission predicted mortality
and poor outcome in patients with SAH [24,25]. Experi-
mental studies evidenced, that GFAP levels in astrocytes
increased after SAH, with subsequent recovery to the
initial level [26].

The role of astrocytes in the recovery after SAH
remains controversial, since reactive astrocytes are
classified into at least 2 types: neurotoxic A1 and neu-
roprotective A2 [27]. A1 astrocytes induce cell death by
releasing proinflammatory factors after SAH. Acelysin
and nimotop increased GFAP expression on day 4 and
day 7, respectively, but it is not known which type of
reactive astrocytes prevailed during experimental SAH.
This question requires the use of specific markers for A1
and A2 subtype astrocytes, respectively.

Apparently, the anti-apoptotic effect of L-lysine and
its derivatives is realized through an increase in the
expression of HSP70 in the cytosol and mitochondria of
neurons of the sensorimotor cortex and hippocampus.
HSP70 blocks the Fas/Apo-1 apoptosis trigger receptor
and also inhibits apoptosis in mitochondria. HSP70 acts in
the step between cytochrome c release and procaspase-9
cleavage [28].

Our results to some extent reflect the molecular
mechanisms of neurodestruction in SAH at different time-
points of the modelled pathology, as well as represent an
experimental justification for the use of nimodipine and
acelysin as effective neuroprotectors in SAH.
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Conclusions

1. Experimental SAH is accompanied by the abnormal
expression of CASP3 and NeuN in neurons and GFAP in
astrocytes. The expression depends on the duration of
SAH and the applied experimental therapy.

2. The use of acelysin and nimotop leads to decrease
in CASP3 expression in neurons on the 4" day by 3.82
and 1.54 times compared to control group, and on the 7"
day by 4.00 and 1.84 times, respectively, which reflects
the positive effect of the therapy on the prevention of
apoptotic death of hippocampal neurons.

3. Immunoreactivity to neuronal nuclei antigen NeuN is
inversely related to the dynamics of CASP3 expression in
neurons. Anincrease in CASP3 expression in neurons is ac-
companied by the disappearance of the nuclear protein from
damaged and dead hippocampal pyramidal neurons. The
NeuN expression in neurons under acelysin treatment com-
pared to nimotop increases by 1.84 and 1.95 times on day
4 and 7, respectively, which indicates a more pronounced
neuroprotective effect of acelysin on hippocampal neurons.

4. Increased GFAP expression in astrocytes during
SAH reflects the reactivity of astrocytes, which can have
both a negative and a positive effect on the recovery due
to different functionality of reactive astroglia. The use of
acelysin and nimotop does not affect the decrease in
GFAP expression in astrocytes on the 4" and 7" day of
SAH and its return to baseline values.

5. The results of the experimental study represent
a theoretical justification for the feasibility of including
nimodipine and acelysin in the basic therapy of SAH.
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BigcyTHicTb hasn akTBHOI MiHepanisauii KicTok in uterus y HefoHoweHux aiten (HM) 3MiHI0e ocTeoreHes, 3MIHIOE LWBMAKICTb
MOLUMPEHHS! YNBTPa3BYKy B KICTKOBIN TKaHuHi (SOS, m/c).

MeTa po6oTH — OUIHUTY Ta BU3HAYNTY AUHAMiKY 3MiH SOS y He[OHOLIEHMX AiTel NPy HAPOMKEHHI Ta MPOTATOM TEPMIHY iHTEH-
CMBHOTO BUXODKYBaHHS 3a NOKa3HUKaMW KinbKiCHOT yNbTpa3ByKOBOi AEHCUTOMETPIT ANst 4iarHOCTVKV HeOHaTanbHOi OCTEONEHii.

Matepianu Ta metogu. Mpotsrom micaus obctexysanu 70 H i 20 goHoweHnx HoBoHapomkeHunx. OuiHtoBanu SOS 3a kpute-
piem Z-score ynbrpa3ssykoBoro coHometpa «Sunlight Omnisense 9000» (I3painb), cepeaHin —npu Z 2-1,0 SD, HU3bkuit — npu
Z Bin -1,1 po -2,0 SD, 3Ha4yHO HU3bKUIA — Npun Z <-2,0 SD.

Pesynbratu. Z-score SOS Bignosinas Hopmi y 45,7 % H[ i3 70 npu HapomKeHHi, y peLuTu BU3HaveHa ocTeoneHis: y 28,6 %
HA — Hu3bkniA, y 25,7 % — 3Ha4HO HW3bkuit Z-score SOS.

BucHoBku. 3a nepLui 4 TVKHI XuUTTS KinbkicTb H 3 ocTeoneHieto 36inbwmnacs B 1,4 pasa. Hanvacriwwe (p < 0,05) 36inblieHHst
ZediLnTy KiCTKOBOI TKaHUHK cniocTepirany B aiteit (52,0 %) i3 HopMansHUMK / cepenHimMm nokasHukamm Z-score SOS. MeHLumin
recTauinHmi Bik (MB) npy HapomkeHHi nigeuLLye B 3,37 pasa wancw octeoneHii (OR = 3,37; 1 95 % [1,25; 9,09], p < 0,05), B
7,50 pasa — LwaHcK MaTu 3Ha4HO HK3bKi nokasHuku Z-score (OR = 7,50; [11 95 % [1,60; 34,59], p < 0,05), B 8,15 pasa — lwaHcu
3anNMLWNTK 3HAYHO HW3bKi NoKa3HUKKM Z-score SOS 3a nepLumin micaub pocty (OR = 8,15; A1 95 % [2,23; 29,70], p < 0,05), Hix
y HapomKeHwux y nisniwomy MB. MokasHuku dinyHoro po3suTky HL He fatoTb 3MOrv OLHIOBATH CTaH MiHepanbHOI LLiNIbHOCTI
KICTKOBOT TKaHUHU Ta NoTpedytoTb AMHAMIYHOI YNbTPa3ByKOBOI AEHCUTOMETPII.

Dynamics of changes in the velocity of ultrasound propagation in the bone tissue
of premature children according to the data of ultrasound densitometry

A. Yu. Tsymbal, Yu. V. Kotlova

All premature babies lack the intrauterine phase of active mineralization of the bones, osteogenesis changes, speed of ultra-
sound propagation in bone tissue changes.

Aim. The purpose of the article was to determine osteopenia in premature babies (PB) based on ultrasound densitometry at
birth and during the period of intensive care.

Materials and methods. 70 premature babies and 20 full-term newborns were studied. The authors determined the bone
ultrasound speed (SOS, m/s) and its comparative evaluation (Z-score) with the representative base of the ultrasound sono-
meter “Sunlight Omnisense 9000” (Israel). SOS was defined as average at Z >-1.0 SD, as low — at Z from -1.1 to -2.0 SD,
and as significantly low — Z <- 2.0 SD.

Results. 54.3 % of PB had osteopenia at birth: low indicators in 28.6 %, significantly low in 25.7 %. Postnatally, an increase
in bone tissue deficiency of PB was observed — osteopenia with a low Z was diagnosed in 41.1 %, with a significantly low —in
37.5 % of PB.

Conclusions. The number of PB with osteopenia increased 1.4 times, during the first 4 weeks of life. An increase in bone
tissue deficiency was most often (p < 0.05) observed among children (52.0 %) with normal / average Z-score SOS indicators.
Z-score SOS indicators in children with osteopenia were stable during the first month of life. The odds ratio of having osteo-
penia were 3.37 times higher for those born in GA of 33 weeks or less (OR = 3.37; Cl 95 % [1.25, 9.09], p < 0.05), and 7.50
times higher odds of having significantly low Z-scores (OR = 7.50; Cl 95 % [1.60, 34.59], p < 0.05), ), and 8.15 times higher
odds of having significantly low Z-scores after 1 month of life (OR = 8.15; Cl 95 % [2.23; 29.70], p < 0.05), than in children
with greater GA. Indicators of physical development of premature newborns do not allow assessing the state of bone mineral
velocity and require dynamic ultrasonic densitometry, despite the presence of correlations of SOS with indicators of the mass
or length of infants depending on the gestational timing of birth.

HeonatanbHa octeoneHist (KB 61.3 (MKX-XI)), abo HeoHa-
TanbHa metaboniyHa xBopoba kictok (HMXK) — Tepminu,
LLIO BUKOPWCTOBYIOTb A7151 OMUCY 3HUKEHHS BMICTY MiHEpa-
iB y KICTKax nepeavacHo HapomKeHvx Aiten. Hanvacriwe
BUSIBNSIKOTb Y LIMX AITEN SIK HACMIA0K NepepyBaHHs TpaHc-

nnawueHTapHOr0 NepeHeceHHs1 MiHEParniB y TPETbOMY
TPUMECTPI BariTHOCTI. X04a BUHUKHEHHS HEOHAaTambHOI
ocTeoneHii B HeJOHOWEHMX AiTelt — 6araTohakTopHuMiA
NpoLeC, came HeLJOHOLLEHICTb € HaNBaXMBILLMM (hak-
TOpoM pu3auky [1,2]. ToMy HEOOHOLUEH AiTU Hanexatb
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[0 TPYNW HabINbLIOrO PU3NKy PO3BUTKY HEOHATAmBHOT
0CTEONEHii, a MiHEpanbHa LLSbHICTb IXHLOT KICTKOBOI TKa-
HUHM (MLLKT) npu HapomkeHHi — BaxrvBa eTepMiHaHTa
¢hopMyBaHHs CTPYKTYpU Ta LLiNbHOCTI KICTKOBOI TKAHWHM
MPOTArOM YCbOro XuTTs [3].

3a panunmm E. V. Schulz, Galaad Torré-Ferrero, y
[ITeN i3 fyXe HU3LKOIO 1 EKCTPEMAITbHO HU3BbKOK Macot
Tina npu HapomkeHHi Yactota HMXK ctaHoBuTs 1640 %
Ta 50-54 % BignosigHo. HeoHaTanbHa ocTeoneHis MoXxe
3anuwaTmcs KniHiYHoO HEeMOMITHOK B [iTEN, MOKK IXHS
MLLKT He 3Hu3nTbea Ha 20—40 % Big cTaHy, skun 6ys
cchopmMOoBaHUIA 3a CKOPOYEHWIA TEPMIH BHYTPILLHBOYTPOG-
HOro po3BuTKy [4,5].

3a unHHMM Hakaszom MO3 Ykpaiu Big 16.04.2022
poky Ne 650 «[po 3aTBepmxeHHs YHicbikoBaHOro Kri-
HIYHOrO MPOTOKOMY BTOPWMHHOI (Crewiani3oBaHoi) Ta
TPETUHHOI (BUCOKOCTELiani3oBaHOi) MEAUYHOI JONOMOrK
«[MapeHTepanbHe Xap4yBaHHsi HOBOHAPOKEHUX [iTENY
Ta BiANOBIAHOI «KniHiYHOI HAaCcTaHOBM, 3aCHOBAHOI Ha
[lokazax», MeTaboniyHy xBopoOy KiCTOK y HOBOHapozke-
HWX BM3Ha4aloTb 3a HEMOBHO MiHepanisaLieto ocTeoiny
3 nposiBamu Big nerkoro nepebiry 6e3 KniHiYHWMX 03Hak
(n1wwe 3 HasBHICTIO ocTeoneHii) 4o Tskoro nepebiry 3
BUHWKHEHHSM NeperiomiB KiCToK [6].

Y Hanbnvkuin NnepcrnekTUBi HeoHaTarlbHa OCTeomNeHis
MO>e€ NOTIPLUMTY pecnipaTopHuiA cTaTyc nepeayacHo Ha-
POIKEHOT AUTUHU, MOKe ByT hakTOPOM PO3BUTKY Mionii,
LLI0 NOB’sI3aHa 3 NOPYLLUEHHSIM POCTY Yepena, a B TPETUHM
LiTEeN 3yMOBMIOE BUHUKHEHHS CMOHTaHHUX MEepPernoMis
NPOTSAroM NepLUKX 2 pokiB xutTs [7,8].

HeoHaTanbHa 0CTeoneHis 3anuwaeTbCa CEPUO3HAM
CYNyTHIM 3aXBOPIOBAHHAM Y HEOHOLWEHWX AiTen, He-
3BaXatloun Ha YOOCKOHANEHHS! METOAIB BUXOMKYBaHHS:
TEXHOSOriN BUrO4OBYBaHHS 3 BUKOPUCTaHHAM GhopTudi-
KaTopiB rpyaHOro MOMoKa Ta 3acTOCyBaHHs! 30aravyeHunx
MiHepanamu Cymilien ans HeOHOLIEHUX, JOCArHEHb
y ranysi iHTeHCMBHOI Tepanii, pekoMeHaaLii KOHTPOMN
TEPMIHIB BUKOPUCTaHHS Y HUX CTEPOIAHMNX | AiyPETUMHUX
npenaparis [7].

JiarHoctuui kputepii HMXK He € yHidikoBaHUMM
yepes pisHi MeToau, L0 BUKOPUCTOBYHOTb [N CKPUHIHTY
HEMOBIAT, — PEHTIEHOMONIYHI YK YNbTPa3ByKOBi. HUHI
focnimkeHHs MLKT, 1o 3acTocoByOTb ANst OLiHIOBAHHS
CTaHy W afeKBaTHOCTI Teparnii B HEMOBNAT, nepenbava-
l0Tb [ABOEHEpreTU4Hy peHTreHIBCbKy abcopbuiomeTpito
(OPA), KinbKicHy koMM'toTepHy TomMorpadito Ta KinbkicHe
ynbTpa3BykoBe pocnimxeHHs [9]. OcTaHHiMU pokamm
BUKOPUCTAHHS YNbTPa3ByKOBUX AEHCUTOMETPIB iCTOTHO
MOLLMPWIOCH 3aBASKM LLIBUAKOMY TEXHOIOMYHOMY PO3BUT-
Ky yrsTpasBykoBoi Bisyanisauji kictok [10]. 3actocyBaHHs
YNbTPa3ByKOBOI AEHCUTOMETPII MpocTille Ta be3neyHille
NSt HEMOBNAT Pi3HUX reCTauinH1X TEPMIHIB HAPOMKEHHS,
BVKIKOMAE BMMVB apTedhakTy pyXy HEMOBNAT Ta pajiaLliiHe
OMNPOMIHEHHS! NOPIBHSAHO 3 PEHTIEHOINONYHNMY METOAAMM
focnimkeHHsl. CTBOpeHi eTanoHHi 6a3v AaHux ons cTaH-
[1apT130BaHVIX 32 YMOBaMM BAMIDIB LUBWAKOCTI MOLUIMPEHHS
yneTpa3eyky (speed of sound, SOS) y KIiCTKOBIN TKaHWHiI
ZiTe BiANOBIAHUX recTauiiHNX TEPMIHIB NPU HAPOMKEH-
Hi. Lle gae 3mory 3aifcHIoBaTK KiflbKiCHE yrsTpasBykoBe
[OCTIIKEHHS KICTKOBOI TKAHWHW Yy HOBOHAPOMKEHNX, a
TaKOX OLHIOBATW pe3ynbTaTh MOPIBHAHO 3 eTanoHHUMM
napameTpamMu, crioctepirati 3a HuMK B auHamidi [1,11].
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OpwuriHaAbHI AOCAIAKEHHSA

3a pekomerpauiamm International Society for Clinical
Densitometry (ISCD) (2019), kinbkicHa ynbTpassykoBa
[EHCUTOMETPIA AOLiMbHA AN XapaKTepucTukn aediuuty
KICTKOBOI TKaHUHU B [iiTel, Komu € HeobxigHe nporpamHe
3abe3neyeHHs, [oBiakoBa 6asa JaHWX MoKasHUKIB LWBKUA-
KOCTi ynbTpasByKy B MEBHWX JTOKycax KiCTOK y AiTel Bia-
MOBIOHMX BIKOBWX rpyn, KanibpysanbHi (haHToMK, a Takok
KOMM OTPUMaHO NPOTOKOMM eKcnoaunLii BuMiptoBaHb [12].
HanuacTille Ans ouiHIOBaHHS CTaHy KICTKOBOI TKaHWHK B
AiTel | 4OPOCHMX Mif Yac YnbTPa3ByKOBOI AEHCUTOMETPIT
pEeKOMEHAYIOTb BYKOPUCTOBYBATH CepenHbO-KBaapaTuyHi
BioxuneHHs (standard deviation, SD) Big, BikoBOi HOpMY Mo-
kasHuka SOS (Z-score) 3a kputepismm BOOS. Tak, Z-score
Big -1,0 Ta Ginblue B13HAYaKOTb K HOPMarbHi MOKa3HMKM
CTaHy MiHepanbHOI LLNbHOCTI KICTKOBOT TKAHUHM, MOKa3HWK
Z-score B iHTepBani Big -1,1 0o -2,5 — sk 0CTEONEHIYHNA
CYHOPOM, MeHLLe 3a-2,5—sik octeonopoa [13]. CrewianicTn
ISCD npu ¢popmyntoBaHHi OQiLLiiHOI NO3WLLiT OLiHIOBaHHS
KiCTKOBOI cvicTeMm B negiatpii (2019) pekomeHaytoTb yHKa-
TV BUCHOBKY OCTEOMOPO3 NSl AiTeN, BUKOPUCTOBYHOMM [N
OLiHIOBaHHS! NLLIE MOKa3HUK Z-Score Ta TEPMIH «Ziana3soH,
HIDKYUIA 32 OYiKyBaHWIA NS LOTO BiKY», KOMU 3HaYeHHs
Z-score cTaHoBnATb -2,0 Ta MeHLue [12].

BepudikaLisi ocTeoneHiYHOro cTaHy B HEJOHOLLIEHUX
HOBOHAPOMKEHNX 3amnnAETbCA NMPEAMETOM HAyKOBUX
[VCKYCIN, 0OCi HEMaE KpUTePIiB AiarHOCTWKV HeoHaTanb-
HOT ocTeoneHii. BiacyTHICTb YiTKUX KpuTepiiB ocTeoneHii
came Ans HEQOHOLIEHNX HOBOHapOomxeHux notpedye
AUdepeHLitoBaHHSA CTaHy OCTeOomneHii Ta NpMpPoaHOro
0CTEOreHesy B HEOHOLLEHMX OiTeN, L0, iIMOBIPHO, BUPI3-
HSIKOTBCA PI3HUMM CTYNEHSIMM AedilunTy KICTKOBOI Macy,
nokasHukamu MLLKT [14,15].

BuyeHHs HMXK — BaxnuBwii acnexT y HeoHaTonorii
y 3B's13Ky 3i 30iNbLUEHHSAM BVXVBAHOCTI HEQOHOLLEHUX
HEMOBIISIT, alKE BAXNMBUM € PaHHE ii BUSIBNEHHS, pe-
TEeNbHWIA NEPIOANYHNIA KOHTPOMNb MiHEparnbHOro CTaHy
KicTok ans 3anobiraHHs (hopMyBaHHIO OCTEONOPO3Y Ta
1010 TSHKKWMX HacrigkiB y cTapLuomy Bidi [3].

MeTta pobotu

OUiHMTK Ta BU3HAYMTU AMHAMIKY 3MiH LUBUAOKOCTI MO-
LUMPEHHS YNbTPa3ByKy B KICTKOBIM TKAHWHW Yy HELOHO-
LUeHVX AiTei Npy IX HAPOMKEHHI Ta NPOTArOM TEPMiHY
iHTEHCWBHOTO BUXO[KYBaHHS 3@ MOKa3HUKaMM KinbKiCHOT
yNbTPa3ByKOBOI AEHCUTOMETPIT Ans AiarHOCTUKN HEOHa-
TanbHOI OCTEONEHil.

Marepianu i meToAM AOCAIAKEHHA

O6cepBaLiiHe aHaniTM4He KOPOTKOCTPOKOBE KOropTHE
JOCNIIKEeHHs 3hiNcHUIM Ha Basax kadedpn AUTAYMX
XxBOpo6 3anopi3bkoro AepaBHOrO Meauko-ghapmavie-
BTWYHOTO YHiBepCUTETY (3aBigyBady kadeapm — K. Meg,. H.,
npocpecop J1. M. Bosipceka) Ta KHIM «O6nacHui nepu-
HaTanbHWi LueHTp» 30P (aupektop — O. [. Kupuntok) i3
rpyaHs 2019 go rpyaHs 2021 poky B BigAineHHsX peaHi-
MaLlii Ta IHTEHCMBHOI Tepanii HOBOHAPOMKEHMX, NOCTiH-
TEHCVBHOTO [OMMISiAY Ta BUXOLKyBaHHS! HOBOHAPOMKEHUX.
My6nikauis matepianis noromkeHa Komicieto 3 GioeTukm
3anopi3bkoro aepxxaBHOTO Meanko-hapMaLEeBTUYHOTO
yHiBEPCUTETY.
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Puc. 1. Moka3Hukn Z-score SOS, y rpynax criocTepexeHHst HeZIOHOLIEHNX i JOHOLIEHIX HOBOHa-
POIKEHNX Y NEPLUNI TXOEHb KUTTS.
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KpwuTepii 3amy4eHHs B [OCTIIMKEHHS — reCTaLiiHuiA BiK
(TB) HepoOHOLLEHMX HOBOHAPOMKEHWX Bif 28 TvxkHIB 0/7
[HiB [0 36 TWKHIB 6/7 AHIB, HAsSiBHICTb MMCLMOBOI 3roau
GaTbkiB MauieHTa Ha y4acTb y AocnimkeHHi. Kputepii
BUKITHOYEHHS! — [liarHOCTOBaHa 3aTpUMKa BHYTPILLIHbOYT-
poBHoro po3BuTKy Nnoaa, TePMiH HAPOMKEHHS 37 TUXHIB
i Binblue, HasBHICTL acdikcil, Bag pO3BUTKY, CYLOMHOIO
CUHAPOMY, BUSBNEHI NaTonorii eHAOKPUHHUX 3a03,
3aXBOPIOBaHHA NeviHkw, rinepbinipybiHemis BinbLue Hix
200 MKMONb/M, HEKPOTUYHWIA EHTEPOKONIT, CUHAPOM
Manbabcopbuii, HasBHICTb B aHaMHesi MaTepiB 3axBo-
ploBaHb OMOPHO-KICTKOBOrO anapary, eHAoKpUHonariv,
aBTOIMYHHUX 3aXBOPIOBaHb, He3roaa GaTbkiB majieHta
Opatu y4acTb y JOCTIDKEHHI 3 OyAb-AKOI NPUYMHH.

Y rpyny KOHTPOMO 3anyyvnu 340pOBUX AiTEN, ki
Hapogunuca B B 37—40 TukHiB.

Y pocnigxenHs 3anyuunu 70 (100 %) nepegyacHo
HapOMKEHUX AiTeN Yy paHHLOMY HeoHaTarbHOMY BiLli:
32 (45,7 %) xnonuis i 38 (54,3 %) gieyart, a Takox 20
JOHOLeHNX HoBoHapomxeHux: 13 (65,0 %) xmonuis i
7 (35,0 %) pieyar. 3a recrauiiHuMn TepMiHamMM Hapo-
IokeHHst 33 (47,1 %) auTtunm i3 70 HapomkeHi B 33 TYDkHI
Ta MeHwe, 37 (52,9 %) piTei — HeAOHOLUEHI, HAPOMKeHi
B 34 TwxHi Ta nisniwe. OBCTexeHHs Ta NiKyBaHHA AiTen
y cTaujioHapi Tpusano 24,8 + 3,9 nobu 3anexHo Big Tep-
MiHy recTauii Npy HapOMXeHHi Ta TSHKKOCTI cTaHy. icns
nepLumx 7 i xuTTs i3 gocnimkeHHs Bubynu 14 gitei. Mig
crnocTtepexeHHam sanuiumniucs 56 (100,0 %) HemoBnAT:
29 (51,7 %) piten, unin B 6yB MeHLLMM 3a 34 TVdkHI, Ta 27
(48, 3%) nauienTi, unii ['B cTaHOBMB 34 TWXHI Ta GinbLue.

BuxomxyBaHHS HEQOHOLIEHNX HOBOHAPOMKEHNX
ZiTEN 30iNCHIOBaNM 3a YMHHUMK Hakazamm MO3 Ykpai-
Hu Ne 584 Big 29.08.2006 p., Ne 650 Big 16.04.2022 p.,
3a kUMK nepenbadveHnin paHHIn CTapT eHTepanbHOro
rofyBaHHs! B NepLUnii ieHb XUTTS MOMOKOM Matepi Ta/
ab0 afanToBaHO CyMILLLLIO NSt HEAOHOLIEHUX AiTEN B
o6’emax, Lo 36inbLUYyTLCS; 3a6e3neqeHHst LLOAEHHUX
noTpe® HEMOBNSAT Yy Makpo- Ta MIKPOHYTpieHTax, 30-

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

kpema [oboBKX [03ax KaTiOHIB KanbLjto, 3ailicHoBanm,
BUKOPWCTOBYOUM NMOBHE / YaCTKOBE MapeHTepanbHe
XapyyBaHHS B pernamMmeHTOBaHMX BiKOBUX [O3aX.

XapaKTepuCTyKy KICTKOBOI TKAHNHW HOBOHAPOMKEHNIX
BM3HA4arM 3a KifbKiCHUM MOKa3HUKOM LUBUAKOCTi NOLUM-
PeHHs yNbTPasByKy B AiNsHL diadisa BENMKOroMinkosoi
KicTkM (abcomntoTHMI nokasHuk — SOS, m/c) Ta oro nopis-
HSATNBHUM OLLHIOBAHHSIM 3 OYiKyBaHWM 3HAYEHHSM BIiKOBOI
HOPMM penpe3eHTaTuBHOI 6a3un (kpuTepin Z-score) ynb-
Tpas3BykoBoro coHomeTpa «Sunlight Omnisense 9000 (I3-
painb), Akuii cepTUdikoBaHUI A0 BUKOPUCTAHHS B YKpaiHi
(UA1.001.020758 - 19). LLIBMAKiCTb 0CLOBOTO YrbTPa3ByKy
«Sunlight Omnisense 9000» kopentoe 3 MLLKT.

Z-score SOS knacwdikoBaHo Sk cepeHii (Hopmarb-
HWIA) npy 3HaveHHi SD -1,0 Ta 6inbLue, HU3bknii —Big -1,1
SD po -2,0 SD, 3Ha4HO HU3bKUIA, — KOMNK CTaHOBMB -2,0
SD Ta meHLwe. CTaH ocTeoneHii BU3Havanm npu Z-score,
Lo craHoBmB -1,1 SD i meHLue.

HiTen nodinunu Ha rpyni cnocTepexeHHs 3a Z,-
score. HeMOBMAT 3 OLLIHKOHO LIBUAKOCTI MOLUMPEHHS! Yrb-
TpasByKy B KICTKOBII TKaHWHI NP1 HAPOKEHHI 3a Z-score
Biz -1,0 SD i GinbLue BKMOYUNM y rpyny CNOCTEPEKEHHS
A —32 (45,7 %) Bunagkm i3 70; aiten 3 ouiHkoto Big -1,1
SD po -2,0 SD skmtoumnu y rpyny B — 20 (28,6 %) na-
uienTis; y rpyni C — 18 (25,7 %) i3 70 HOBOHAPOMKEHUX,
aki mann SOS 3a Z-score -2,0 SD i meHLwue. Moain HoBo-
HapoKeHNX 3a nokasHukamn Z -score SOS, y rpynax
CMOCTEPEXEHHS Ta KOHTPOII HaBeaeHo Ha puc. 1.

Mepiue o6eTexeHHs (SOS, ) 3aiicHrny B nepLwi 7 Ai6
xnTTst (4,0 = 2,1 £o6u XUTTA), LWOO OTpUMATK NOKa3H-
K1, MakcuMarnbHO HabrnuxeHi 4O BHYTPILLHbOYTPOGHOI
MiHepanisauji kictku. ig yac HacTynHUX AocnimxeHb (Ha
12,7 £ 3,2 pobu 1a 24,8 + 3,9 LobW xnTTA) ogepxanu na-
pamMeTpy LWBMAKOCTI NOLUMPEHHS YNbTPA3BYKY B KICTKOBIN
TkaHuHi SOS,, Z, Ta SOS,, Z, BifnosiaHo. MNepeposnoain
AiTent fo rpyn A#, B#, C# 3incHUNM 3a NOKa3HNKOM Z,.

®i3nYHMIN PO3BUTOK HOBOHAPOKEHNX METOLOM CTaH-
[apTHVX BigxvuneHs (SD) ouiHioBanu 3rigHO 3 pekoMeH-
pauismmn Fenton (2013) [16]. He BusiBunmn cratuctuyHo
[OCTOBIpHi pi3HMUI (p > 0,05) 3a noka3HMkamm ¢i3n4HOro
PO3BUTKY NP HapomkeHHi (06Big ronosu, fOBXMHA Ta
maca Tina) y He[OHOLLEHNX HOBOHAPOKEHUX YCIX rpyn
CMOCTEPEXEHHS Ta B AOHOLLEHWX AITEN, KPiM CTAaTUCTUYHO
BiporigHoi pisHuui (p < 0,05) macu Tina HeQOHOLLEHNX
aiten rpynu A npotu rpyn B i C: -0,7 [-1,3; 0,2] SD
npotu 0,0 [-0,8; 0,6] SD, 0,3 [-0,2; 0,8] SD BianosigHo.
B AuHaMiLi 3pocTaHHsa CTaTUCTUYHO BipOrigHY PisHULIO
(p < 0,05) Tinbky 32 MEHLIMMM TeMNaMU 30iMbLLIEHHS
macy Tina BUSIBUIM B HeOHOLEHUX MantokiB rpyn A i C
(-1,1[-1,6;-1,0] SD 1a-0,5 [-1,0; -0,2] SD BignosigHo) Ta
HE[IOHOLLEHMX AiTEeN YCiX rpyn CrocTePEXeHHs (B TOMY
yueni rpynu B (-0,8 [-1,5; -0,3] SD) npoTtn fOHOLLEeHNX
HemoenaT (-0,03 [-0,46; 0,67] SD)). AHTpONOMETPUYHI
MOKa3HWKK AiTel Npu HapomKkeHHi Ta yepes 24,8 + 3,9
106K XuTTS HaBeaeHo B mabnuui 1.

CratncTyHO pesynbraTyt JOCTIIKEHHs onpavoBa-
nu, 3acToCyBaBLUM NporpaMHe 3abeaneyeHHs Statistica
13.0 (StatSoft Inc., Ne JPZ8041382130ARCN10-J). Hop-
MarbHiCTb PO3noziny 3MiHHUX BU3HA4YMIIN 3@ JONOMOTOH)
Tecty LWanipo-Binka. Bukopuctanu onucosun meton,
npy HOpMasibHOMY PO3noAini KinbKiCHi AaHi HaBeaeHo
K cepefHe apuMeTUYHe * CTaHOAPTHE BIOXWUNEHHS;
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Tabaunua 1. MecTauinHWiA Bik Ta @HTPONOMETPUYHI MOKa3HWKI HOBOHAPOMKEHNX

rBinKs Wacavina __lfoawmarina ______|O6aiaronoan ____|

lpyna A (n = 32)

lpyna B (n = 20)

Ipyna C (n=18)
[oHolweHi aitn (n = 20)
Mpyna A# (n=12)

Ipyna B# (n = 23)

Ipyna C# (n = 21)
[oHoweHi aitu# (n = 20)

34,0 [33,0; 35,01
34,0 [32,0; 35,01%
31,0 [29,0; 32,0]+*
39,0 [38,0; 39,5]
36,7 [35,0; 37,0
36,6 [34,0; 37,0]°
34,8 [33,0; 36,01
41,5[41,0; 42,5]

1840 [1650; 2215]%5
1970 [1670; 2435]55
1370 [1280; 1880]*
3245 [3000; 3520]

2130 [2100; 2580
2360 [2220; 2610
1480 [1380; 1810]%*
3910 [3550; 4300]

45,0 [43,0; 48,0]¢
44,042,0; 47,01
42,0 [41,0; 44,0]**
52,0 [51,0; 53,0]
45,8 [44,0; 49,0
45,0 [44,0; 48,0]¢
43,0 [40,8; 44,01+
55,0 [52,5; 56,0]

30,2 [29,7; 32,01
31,0 [29,0; 31,7]°
29,0 [27,5; 31,04
34,5 [33,5; 35,0]
32,3 [30,0; 34,3
32,0 [31,5; 33,0]°
30,0 [28,0; 30,8]*
36,0 [34,5; 37,0]

#: rpyN HeJOHOLLIEHNX HOBOHAPOMXKEHWX NPW NEPepo3nogini 3a 3MiHaMu Z-score B AMHAMILL CNOCTEPEXeHHs; &: BiporigHa pisHWLIS NOKa3HWKIB Y HEAOHOLLEHNX
HoBOHapomxeHux rpyn A, B, C i3 napametpamm foHoweRux fited, rpyn A#, B#, C# i3 goHowwerumm fitbmu#, p < 0,05; *: gocToipHa pisHNLS nokasHukis rpynu C i3
napametpamu rpyn A i B, rpynu C# 3 rpynamu A# i B#, p < 0,05; §: BiporigHa pisHWLS Mix NokasHUKamy Macu Tina npy HapomKeHHi y HeSOHOLIEHVX AiTel y rpynax A, B,

p < 0,05; A: pocToBipHa Pi3HMLA MiX MOKasHWKaMu Macu Tina B AuHaMmiLi cnocTepexerHs B rpynax A#, B#, p < 0,05.

HenapameTpUYHI KinbKicHi AaHi — 9k megiana (Me), mexi
kBapTUnbHKX BigpiskiB [Q25 %; Q75 %]; kaTeropianbHi
3MiHHI — sik abcontoTHa KinbKicTb BUNaakis (n) y rpyni Ta
yacrtoTa y Bigcotkax (%). KinbKicHi 03Haku B HE3B A3aHMX
BMGipkax mopiBHioBanu 3a kputepiem Mann-Whitney U
Test, y 38’a3aHux Bubipkax — 3a kputepiem Wilcoxon
rank test. MepeBipky CTaTUCTUYHMX FiNOTE3 3QiACHUNK,
3acTOCyBaBLUM HenapaMeTpu4HUi kputepin Pearson’s
chi-squared test i To4HWI1 kpuTepin Fisher. Bukopuctanu
MeToaM NiHINHOI perpecii, 3acToCyBanu paHroBy Kope-
nauito Spearman Rank Order Correlations (p). Cuny
3B’A3KY Mix BOMA NapamMeTpamy OLjiHIOBaIM 3a LUKano
Cheddoke: Bucoka — npu R/p, wo nepesuiysana 0,7,
nomitHa —0,5-0,7, nomipHa — 0,3-0,5, cnabka —0,1-0,3.
BigminHocTi BBaXkanu goctosipHumu npu p < 0,05.

PesyAbTati

[NopiBHAHO 3 AOHOLLEHNMMU AiTbMM BCi NepeayacHo Hapo-
[DKEHi OiTM Manu cTaTMCTUYHO BiporigHo (p < 0,05) Huxdi
nokasHukn SOS, (mabr. 2).

BwaHaumnnm cratucTiiHo goctoBipHuii (p < 0,05) npsi-
MMIA BUCOKWI KOpensLinHui 38’30k (R = 0,78) nokasHukis
SOS Bia 'B HOBOHAPOMKEHMX, LLIO ONUCYETHCS PIBHAHHAM
napHoi niHiHoi perpecii: SOS (m/c) = 1533.3 +40.1 x n,
ae n — B gutun. 36inbweHHs B npy HapomKeHHi Ha
1 TMXXOEeHb CynPOBOAXKYBANocs 36iMbLUEHHAM NoKa3HuKa
SOS Ha 40,1 m/c. BignosigHo fo koediuieHTa getepmiHa-
uii (R?) spaxysanu 68,9 % pocnigxeHux Bunaakis. OgHak
cepen 70 HepoHoweHmx aiten nuwe 32 (45,7 %) mantoku
manu nokasHuku SOS,, Lo BU3Ha4YeHo 3a Z,-score sk
cepeaHi, 3 po3noginom 3a Z-score, aHanoriyHum 4o Ta-
KOTO B [JOHOLLIEHWX OITEN rpynu KOHTporio. Y BinbLuocTi
HEIOHOLLEHNX HOBOHAPOMKEHNX nokasHuku SOS, 3a
Z-score Bynu Hwkui 3a cepeHi: y 20 (28,6 %) mantokis
— HU3bKUiA Z,-score (rpyna B), y 18 (25,7 %) naujieHTis —
3Ha4HO HU3bkuIA Z -score (rpyna C).

BuBuMnM po3nogin Aiten pisHMX recTauiiHnxX TepMiHiB
HapomkeHHs 3a Z,-score SOS,. Cepen 33 (100,0 %)
Mantokie, HapomkeHux y B 33 TwxHi Ta paHiwe, y 23
(69,7 %) BUNagKkax BCTAHOBUMW HU3bKi Ta 3HAYHO HU3bK
NoKasHWKK Z-score, isionoriyHi xapakrepuctuku MLLKT
mamm 10 (30,3 %) aiten. Cepeq 37 (100,0 %) HemoHo-
LLEHUX OiTew Ni3HILLKMX TEPMIHIB HAPOAXKEHHS (i3ioNOriyHi
BHYTPILLUHbOYTPOOHI TeMnn (hopMyBaHHS! KiCTKOBOI Macu
(rpyna A) manmn 22 (59,5 %) nauieHT, oCTeoneHito Bu-
3Haunnm y 15 (40,5 %) HoBoHapomkeHnx. OTxe, LwaHcK
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HasIBHOCTI OCTEOMNeHii B AiTen, HapomkeHux y B 33 TkHi
Ta paHile, B 3,37 pasa BuLLi, Hix y aiten Ginbwworo B,
BIZMIHHICTb LaHCiB cTatncTnyHo 3Havywa (OR = 3,37;
0195 % [1,25; 9,09], p < 0,05).

Cepep oiten 3 ocTeoneHieto, ski HapomkeHi B B 33
TUXHI Ta paHillle, 3Ha4HO HWU3bKMIA Z,-score Mana Girb-
wictb — 15 (65,2 %) Bunagkis 3 23 (100,0 %), a Takox
nvwe 3 (20,0 %) pntunnm i3 15 (100,0 %) HegoHOLIEHUX
AiTel, HAPOMKEHUX Ha Ni3HixX TepmiHax recrauii. OTxe,
npw HapomKkeHHi B B 33 TWxHi Ta paHile WwaHcu maTm
OCTEONMEHit0 3i 3HAYHO HU3bKUM Z-score B 7,5 pasa BuLi,
HX Y HELOHOLIEHUX AiTen, HapomKkeHuX y B 34 TkHi
Ta nisHiwe. BigMIHHICTb LIAHCIB CTAaTUCTUYHO 3Havylua
(OR=7,50; A1 95 % [1,60; 34,59], p < 0,05).

Y BiLli 24,8 + 3,9 oHSA NpoCTEXUNM Nepepo3noain airen
MiX rpyriamu criocTepexeHHs 3a nokasiukom SOS, 3a Z,
(mabn. 3). Y rpyni A i3 25 (100,0 %) HOBOHapOmKeHMX
nokasHuk SOS, 3a Z, KpUTepiem 3annLLMBCA B MeXax
cepefHix 3HadeHb Y 12 (48,0 %) HemoenAT. OcTeoneHito Aj-
arHocTyBarnu B peLUTY HEMOBIIAT rpyn A: HU3bKWIA Z-Score
SOS, -y 8(32,0 %), 3HauHO Huabkuin —y 5 (20,0 %) AiTeit.

Y rpyni B y xxoaHoro 3 16 (100,0 %) HOBOHapomKeHmx
He Bigbynocs sigHoeneHHs MLUKT po disionorivyHoro
piBHa. MoripwerHs nokasHukis SOS, Ta Z-score 10
3Ha4HO HU3bkwx cnocTtepiranny 3 (18,8 %) aiten, siki Gynm
HapomKeHHI B ['B MeHLLe HixX 34 TUXHI.

Mig yac cnocTepexeHHs CTaTUCTUYHO AOCTOBIPHO
(p < 0,05) yacTiwe cnoctepiranu 36inbLIeHH AediumnTy
KiCTKOBOI TkaHuHY B Aiten rpynn A (52,0 % i3 25) npotu
18,8 % aiten rpynu B, y sikux ctan MLLKT noripwusces o
3HaYHO HM3bKUX Noka3HukiB Z-score SOS.

Y piteit o6ox rpyn A i B BCcTaHOBMNM CTATUCTUYHO
3HauvyLe (p < 0,05) sHnKeHHs nokasHukis Z-score SOS,
y Mexax SD konmBaHb BiZNOBIgHUX rpyn: y rpyni B — go
apyroro TwxkHs xutTts (3 -1,4 [-1,5; -1,3] mo -1,6 [-1,8;
-1,4]), y rpyni A — 0o TpeTboro TwxHs xutTs (3 -0,4 [-0,8;
0,3] o -1,0 [-1,0; -0,8]).

Y 6BinbLuocTi HoBoHapomkeHnx (13 (86,7 %) i3 15)
rpymu C nokasHuku Z,-score A0 BignosigHoro B sanu-
LanMest NocTiNHO 3Ha4YHO HU3bKMMK, 6e3 CTaTUCTUYHO
BiporigHoi (p > 0,05) pisHuui (Z, (-2,6 [-2,9; -2,5] m/c), Z,
(-2,6[-3,0;-2,2] mlc), Z,(-2,6 [-2,9; -2,2] m/c)). AnHamiuHe
3BinblueHHst nokasHukie SOS, 3a Z-score [0 HU3BKMX
3HayeHb Biabynocs Tinbkn y 2 (13,3 %) i3 15 giten
rpyrm C. Y rpyni KOHTPOMO CTaTUCTUYHO BIPOTiAHI 3MiHM
Z-score He BuaHaumnm (0,1 [-0,5; 0,5] go 0,0 [-0,6; 1,1],
p >0,05).
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Tabauua 2. MokasHuk SOS, 3anexHo Bia B HapomkeHHs aiten

Moka3Huk, oanmHuui | MecTauiliHnii Bik HAPOMAXKEHHS (TVWXKHI)
BUMIpHOBaHHSA

28-33(n=33)  |34-36(n=37) 3740 (n= 20)

SOS,, m/c

2762 [2719; 2855]*#

2921 [2852; 2955]*¢ 3076 [3033; 3116]*

*: BipOrifHa PisHNLIA MiX NOKa3HUKaMW HE[OHOLIEHUX AiTeN i3 rpyn AOCHIMKEHHS Ta rpynn
KOHTponto, p < 0,05; &: AOCTOBIPHA Pi3HMLIA M MOKa3HWKaMu HeAOHOLEHNX AiTel, p < 0,05.

Tabanua 3. MNepeposnogin giter M rpynamMu B AWHaMILi CNOCTEPEKEHHS Y BiLli

24,8 £ 3,9 gHsa, n (%)

Tpynu Ipynu AvHaMiYHOro cnocTepexeHHs
A#(n=12) |B#(n=23) [c#(n=21)

A(n=25,
100 %)
B(n=16,
100 %)

C(=15,
100 %)

B 33 TwxHi Ta MeHwe (n =9, 36,0 %)
B 34 TwxHi Ta 6inbLe (n = 16, 64,0 %) (

B 33 TwxHi Ta meHwe (n =8, 50,0 %) - 5(

'B 34 TwxHi Ta Ginblwe (n =8, 50,0 %) - 8(500%) O
B 33 TwxHi Ta meHwe (n =12, 80,0 %) - 1

B 34 twxHi Ta 6inbwe (n=3,20,0%) - 1

4(16,0 %)

2(8.0%)
6 (24,0 %)
31,3 %)

3(12,0 %)
2(8,0%)
3(18,8 %)

8(32,0 %)

6,7 %)
6,7 %)

1(73,3 %)
2(13,3 %)
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OTXe, NPOTSrOM AMHAMIYHOTO CMOCTEPEXEHHS
(24,8 £ 3,9 pobu XnTTA) HELOHOWEHUX AiTen (56
(100,0 %)) Bigbynocs 36inbLUEHHS KiNbKOCTi HEMOBASAT
i3 fediumtom KicTkoBOT TkaHMHKM 3a Z-score SOS,: Ao
3HAYHO HM3bKWX MokasHukiB — y 21 (37,5 %) ouTnHw,
[l0 HM3bKOro piBHA — Yy 23 (41,1 %) mantoki; cepenHi
noKasHukW sanuwmnucs nuwe y 12 (21,4 %) obeTexeHmx.

AHania guHamiynnx smiH SOS, sanexHo sig B
HapOIKEeHHS AiTell nokasas, Lo cepes HeMOoBMAT i3
B npu HapomKeHHi 33 TUXHI Ta MEHLEe OCTeOoneHis
BCTaHoBneHa y 25 (86,2 %) sunagkax i3 29 (100,0 %).
Y nepesaxHoi binbLuocTi mantokis (17 (58,6 %) i3 29)
BCTAHOBIIEHO 3Ha4HO HU3bki Z-score SOS,. Ceper Hepo-
HOLLIEHUX AiTeN, ki HapomkeHi B [B 34 TuxHi Ta nisHilue,
ocrteonetito piarHoctyBamm B 19 (70,4 %) Bunagkax i3
27 (100,0 %), 3Ha4HO HW3bKi NOKa3HUKN BCTAHOBUN Y 4
(14,8 %) HemoBnAAT. HegoHoLweHi At 060X recTauinHmnx
iHTEpBaniB HAPOMKEHHS Mari OfHAKOBI LLIAHCU PO3BUTKY
octeoneHii (OR = 2,63; I 95 % [0,69; 10,05], p > 0,05).
Pasom i3 Tum, y pitet i3 MeHWwum ['B HapomKeHHS WaHcu
MaTh 3Ha4YHO HM3bKi NokasHukn MLLKT sanuwanwucs B
8,15 pasa BULLMMM, HiX Yy HApOMKeHWX Yy nisHiwomy B
(OR = 8,15; Al 95 % [2,23; 29,70], p < 0,05). KinbkicTb
[iTeln 3 OCTEONeHIE 3i 3HAYHO HU3bKUM Z-score 36inb-
wmnacs B 1,5 pasa.

BuiaHaumnm 3miHy kopensuiiHnX 3aB’A3KiB M NMokas-
HUKaMK LUBWAKOCTi NOLUMPEHHS YNbTPasByKy B KICTKOBIN
TKaHWHi Ta i31YHNM PO3BUTKOM HOBOHAPOMKEHUX i3 rpyn
gocnipkeHHs. [pu HAapOMKEHHI B HEOOHOLEHMX AiTen
BCTAHOBUIN CTATUCTUYHO JOCTOBIPHI KOPENSILLifiHi 3B’ A3KU:
B rpyni A —3BopoTHUI nomipHoi cunm (p =-0,45, p < 0,05)
Z,-score i3 OBXVHOLO Tina; B rpyni B — npsAMui nomiTHoi
cunun (p = 0,61, p < 0,05) nokasHuka SOS, i3 OBXKNHOK
Tina; y rpyni C — 3BopoTHUM nomitHui (p = -0,50, p < 0,05)
nokasHuka SOS, i3 Macoto Tina. 3i 3pocTaHHAM fiTei Ha
TPETLOMY TWxXHI XUTTA (24,8 + 3,9 fobu) cTaTucTyHo
BiporigHi (p < 0,05) nomiTHOI cunK KopensLinHi 38’A3Ku
3 TUMW X NOKasHKMKkamm 36epiranncs, 3okpema B rpyni
B# — npsmui (p = 0,61) i3 LOBXMHOIO Tina HEMOBNAT, y
rpyni C# — 3sBopoTHuii (p = -0,60) i3 macoto Tina. B rpyni
KOHTPOIMIO KOPENALiNHI 3B'A3KM MiX LUBMUAKICTIO NOLIM-
PEHHS YNbTPa3sBYKY B KICTKOBIW TKaHUHI Ta NOKa3HWUKamm
(hi3MYHOrO PO3BUTKY AOHOLLEHWX AiTel He BUSIBUMN.
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Possutok HMXK (HeoHaTanbHoOi ocTeoneHii) 3anuiwa-
€TbCSA aKTyanbHUM MUTAHHAM HEOHATOMOrii, OCKIMNbKM
TpaHcnnaueHTapHe NepepuBaHHs NepeHeceHHs MiHe-
paniB 40 KICTKOBOI TKaHWHW N04a BUHUKAE NPU KOXHIX
nepeaYacHux nonorax. Y HeQoHOLEHVX AiTel He BinbyBa-
€TbCS BHYTPILLHbOYTPOOHa (ha3a akTMBHOI MiHepaniaaLlii
KICTOK, LL{O Ma€e ByTu B OCTaHHbOMY TPUMECTPI PO3BUTKY
in uterus [17].

TepMiH nepeayacHoro HapomKeHHsT — haKTop, Lo
Mage iCTOTHWIA BNNMB Ha CTaH 3pinocTi KICTKOBOI cucTe-
mu. MocTHaTanbHi aganTauiiiHi 3MiHM 0BMiHY pe4YoBUH
i MiHepaniB He cnpusOTL JOPMYBaHHIO KICTKOBOI Macu
HefoHOLEHNX HoBOHapomkeHux [18,19]. Came «3HayHe
YMoBiNbHEHHs MiHepanisaii 6inkoBoro MaTpukcy Ta 3a-
TPVMKY PO3BUTKY KICTKOBOI TKGHWUH» B HELLOHOLLIEHWX HO-
BOHapOKEHVX BU3HaYat0Tb SIK OZWIH i3 BapiaHTiB nepebiry
HeOHaTasIbHOI OCTeOoNeHii — 6e3CMMNTOMHOI OCTEOMNEHil
6e3 nepenomiB KiCTOK, ik HaBe,eHO B KJTiHiYHiii HACTaHOBI
A0 Hakady MO3 Ykpaitu Big 16.04.2022 poky Ne 650 [6].

KinbkicHa ynbTpasBykoBa LeHCUTOMETPIS, AKY
BVKOPUCTOBYIOTb K HafilHy, 6esneyHy anstepHatvsy
PEHTIEHONOrYHNM METOAAM OCNIMKEHHS B AITEN, PEKO-
MeHA0BaHa Ans OLHIOBaHHSA AediLUTy KICTKOBOI TKAHWHM
3a Z-score SOS. BcraHoBunu, Lo Z-score MeHLe 3a-1,0
SD Tpeba BM3Ha4aTV SIK OCTEONEHII0 B AiTEN, MiAMNiTKIB i
[OPOCIMNX; AKLLO LIEN NOKa3HWK JOPIBHIOE UM CTAHOBUTb
MeHLLe Hix -2,0 SD y giTeit, cnig roBOPUTY MPO «ZianasoH,
HWXYMI 3a OMiKyBaHWIA ANs Lboro Biky» [12,13].

HasaBsHicTb penpeseHTatnBHOi 6a3m («Sunlight
Omnisense 9000») nokasHukis SOS go BignosigHoro B
HapOMKEHHS HEMOBNAT Jana 3MOry BU3HAYWUTK, LLO BC
abcontoTHi napameTpu SOS y nepeayacHo HapOAKEHUX
AiTel CTaTUCTUYHO JOCTOBIPHO (p < 0,05) Hubkui, HX Y rpy-
Mi KOHTPOINIO AOHOLLEHMX AiTe, A€ BCi HEMOBASTA Manu
cepenHi nokasHukn SOS 3a Z-score. Lle nigTBepaKeEHO i
B iHWMX gocnimkeHHsx [20,21]. Taka 3anexHicTb onuca-
Ha PIBHSIHHSIM MapHOI NiHINHOI perpecii, LWo BpaxyBasno
68,9 % pocnimkeHux Bunagkie. BigcyTHicTb aeduiumty
KICTKOBOIT TKaHWHW BU3Haumn y 45,7 % nauieHTiB 3-Momik
70 HepoHOLLEHMX aiTen, HapomkeHux y B 28-36 TuxHiB,
a Takox y Bcix 20 (100,0 %) AoHOLLEHNX HOBOHApOMKe-
HuX. Pewwuta (54,3 %) HeQOHOLLEHVX AiTel Manu Nposisu
0CTeOneHii, 30kpema B HiX BCTaHOBWIM NokasHuku SOS
3a Z-score, Hykdi 3a cepeqHi 4ns BignosigHoro 'B: H13bki
nokasHuku (Z Big -1,1 SD no-2,0 SD) -y 28,6 % HenoHo-
LUEHVX AiTel, 3Ha4YHO HM3bki (Z 2-2,0 SD) -y 25,7 % nauji-
€HTIB Npu HapomkeHHi. 3a aannvin E. V. Schulz, Galaad
Torré-Ferrero, HeoHaTarnbHy OCTEOMNEHItO AiarHoCTyBanm
y 10-54 % HemoBNAT, HanyacTile y HapomkeHux B B,
LLIO MEHLUWIA 32 34 TUXHI.

MocTHaTanbHO 36inblueHHs AediunTy KicTKOBOI
TKaHWHW cnocTepirany y HEQOHOLIEHWX AiTed i3 rpyn A i
B. TpaekTopisi 3MiH LWBUAKOCTI NOLUMPEHHS YNbTPa3ByKy B
KICTKOBIV TKaHWHI 3a KpuTEpiEM Z-Score Bif, HapOMKEHHS
[0 4 TUXHS XWTTS XapakTepusyBanacs 3MeHLIEHHAM
B 2,1 pasa (3 45,7 % po 21,4 %) KinbkocTi HeMOBNAT
i3 cepenHiMM NokasHMKamm Z-score A0 BignoBiAHOMO
MOCTKOHLeNTyanbsHoro Biky. CTaTMCTUYHO AOCTOBIPHO
(p < 0,05) yacriwe 36inblleHHA AediLuUTy KICTKOBOI
TkaHuHK BusiBNAnu B Aiten (52,0 % sunagku i3 25) i3
HOopManbHUMK / cepeHiMmn nokasHmnkamm Z-score SOS,
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a B 18,8 % piten Bu3Haunnu noripluerHs ctady MLKT
BiZl HN3bKMX NOKasHuKiB Z-score SOS npu HapOmKEHHi
[0 3Ha4YHO HU3bkMX. OCTEONEHIt0 3 HU3bKUM Z-Sscore
giarHoctyBanu y 41,1 % HEMOBNAT, 3HAYHE 3HWKEHHS
3acpikcyBanm we y 37,5 % HepoHoweHux Aitei. AHa-
NOriYHi BUCHOBKM o0 3HWxeHHs MLLIKT, 3okpema 3a
3MEHLLUEHHSM LIBMAKOCTI MOWMPEHHST YNbLTPa3ByKy B
KICTKOBI TKaHWHi B NepLUi MICALLi XWTTS HELOHOLIEHNX
Marokis, 3pobneHo B GinbLIOCTI AocnimKeHb [22,23,24].

Y fiTell 3 0CTEONEHIEH (HN3bKUM Z-SCOre) 3MEHLLEHHS]
SOS cnocTepiranu, NOYNHAKYM 3 APYTOTO TUXKHS XUTTS
(p <0,05); y rpyni 3 cepenHiMu 3HaueHHaAMKU SOS — geLlo
Mi3HiLLe, Ha TPETLOMY TUXHI XKUTTS HEMOBNAT. Y AiTen 3i
3HAYHO HM3bKMMM NOKa3HMKaMm Z-score nokasHukn SOS
3anuwianncb Takumu B BinbLuocTi HemosrsT (86,7 %).
PisHi Temnn hopmyBaHHs AediLmnTy KICTKOBOI TKaHUHM
MOB's13aHi 3 Pi3HUMI pe3epBamMmn MiHepanbHUX CKNagoBKX
KICTOK Yy HefoHoLeHux aiten. 3a gaHumm M. F. Faienza
et al., HegocTaTHIln BMICT MiHepaniB i BULLi METAOOMIYHiI
noTpebu HEMOBNSAT Npy NepeaYacHOMY HapOIXKEHHI
Npu3BOAATH 40 aHOManbHOrO MOAENOBAHHS KICTOK i
BUHUKHEHHSI HEOHaTanbHOI ocTeoneHii [17]. SHMKEHHS
MLLKT y nepLui TWxHI XUTTS HaYacTiLle NOB’A3yHoTb i3
NOCTHaTanbHUM HEQOCTATHIM CMOXKMBaHHAM MiHeparnis,
cynyTHiMM xBopobamu fitelt [7]. Kopekuito Lmx 3miH y
HEOOHOLLEHNX HEMOBMST, HAPOMKEHNX Y PaHHi TepMi-
HW BariTHOCTI, 3AIACHIOTb, BUKOPUCTOBYIOYM TpUBany
iHGpy3ilHy Tepanito, Lo BKIKYAE i MpenapaTty napeHTe-
panbHOrO BMIOAOBYBaHHS, i JOOOBI MOTPebu po3ymHiB
€neKkTponiTiB, 30Kpema kanbLilo rnokoHaTy. 3aBasku
LIbOMY YaCTKOBO KOMMEHCYIOTb BTPaTU MiHEpanis, ane He
BiHOBNIOOTb A0 ONTUManbHUX 3Ha4YeHb MLLKT. Mpo ue
CBigYaTb pe3ynsraTi HaLLOro AOCHIMKEHHS ANHAMIYHNX
3MiH 3a kputepiem Z-score SOS i BigoMocTi haxoBoi
nitepatypu [25].

BinbLwicTb HayKoBLB CTBEPOAXYHOTb, WO B Hapo-
[DKEHHS! — MPOBIAHUA (DaKTOP BUHWKHEHHSI OCTEOMEHIT
B HoBOHapomkeHux [19,20,21]. Mu BcTaHOBMNM Nokas-
HUKM LUAHCIB HAsiBHOCTI OCTEOMNEHIi B HOBOHAPOKEHMX
3anexHo Bif reCTawifnHMX TEPMIHIB IXHbOTO HAPOMKEHHS.
MeHLLWiA recTawiiHUI Bik HAPOKEHHA AITEN MiaBuULLYE
B 3,37 pasa LwaHcK HasBHoOCTI ocTeoneHii (OR = 3,37;
[l 95 % [1,25; 9,09], p < 0,05), B 7,50 pasa — waHcu
MaTy came 3Ha4YHO HM3bKi MOKa3HWKM Z-SCore LBKUOKOCTI
MOLUMPEHHS YNTPasByKy B KiCTKOBIN TkaHWHI (OR = 7,50;
[1 95 % [1,60; 34,59], p < 0,05), HixX NpU HAPOMKEHHI B
34 TuxHI rectauii Ta nisniwe. MpoTaroM nepLuoro Mics-
LISl 3pOCTaHHs B HEMOBIAT i3 MeHWUM B HapomkeHHs
LUAHCK 3anuLUXTK 3HAYHUN AediuuT KiCTKOBOI Macu B
8,15 pasa BuULLWIA, HK ¥ HApOMKeHMX y ctapLiomy B
(OR =8,15; 1l 95 % [2,23; 29,70], p < 0,05).

®i3nyHMN PO3BUTOK MNoga, a Hagani HOBOHapo-
[DKEHOT ANTUHM Ta (DOPMyBaHHS NpeHaTarnbHoI, NOCTHa-
TanbHOI MiHepanisawii KicTKOBOT TKaHWHW [OCTiXyBanu
YyumMano HaykoBLiB, OTPUMAnM JOBOMI Pi3Hi BUCHOBKM
LLIOZ0 B3aEMHOTO BMIMBY LMX NPOLIECIB 60 HaBiThb He BU-
SABNANM 3B'A3KM Mix HUMU [1,22,26,27,28,29]. Y Hawlomy
[JOCHIMKEHHI Nule B HEOOHOLLEHWX [iTeil BCTaHOBWUNU
CTaTMCTMYHO 3Havywi (p < 0,05) kopensuiiHi 3B'A3KKM
Mix SOS Ta aHTPONOMETPUYHUMM Napamepamit. 3Ha4HO
HU3bKi NokasHukn SOS 3BOPOTHO KOperBani 3 Maco
Tina HeMOBNSAT i NpW HapOMKEHHI, i Npu 36inbLUEHHI
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macy Tina B npoueci 3poctaHHs (p = -0,50 ta p = -0,60
BignoBigHo, p < 0,05). Hnabki nokasHukn SOS manm npsmi
kopensiuinHi 38'askm (p = 0,61, p < 0,05) 3 KOBXMHOW
Tina HeMOBNAT i NPU HAPOMKEHHI, i Mig Yac 3POCTaHHS.
3icTaBHUI 3@ CUMOK Ta NMPOTUNEXHUN 3@ HaNPSMOM
KOpenALiHUA 3B’130K BCTAHOBWIN Y rpyni AiTeNn i3 Hop-
ManbHUMKM nokasHukamm SOS. Axanoriyni 3misu MLLKT
Y HOBOHAPOKEHMX i KOPENAL|iNHI 38’A3KMN 3 TOKa3HNKaMm
IXHBOTO ghisnyHOro po3suTKY Br3Haunnmn A. deLange et al.,
E. Ritschl et al., N. Tansug et al. [22,30,31]. Lli kopensuji
MOB'AA3yBanu 3 piaH1MK TeMMamMuy 3pOCTaHHs Nrosa B Tep-
MiHW Big 28 0o 37 TBKHIB BariTHOCTI Ta Hagani, B NepLuui
MICSILb XXWTTSl HOBOHAPOMKEHVIX, 3 PI3HAMY NpeHaTarnbHu-
MU 3anacamu MiHeparnis, 30KpeMa Comnen kanbLito. BTim,
XapaKTEPUCTUKN (DI3NYHOTO PO3BUTKY HE € HaIiHIMK
opieHTUpamm Mif Yac OUHIOBaHHA CTaHy MiHepanisauii
KICTKOBOI TKaHWHW, Lo notpebye 6eanocepeaHLOro au-
HaMi4YHOrO BUMIPIOBAHHS B HEAOHOLLEHUX OiTEN.

Mpagauis 3a kputepiem Z-score KinbKiCHOro nokas-
HUKa LIBMOKOCTI MOLWMPEHHS YNbTPasByKy B KiCTKOBIl
TKaHWHi B HEAOHOLLIEHWNX HOBOHAPOMKEHNX PI3HOTO recTa-
LNHOTO BiKY, 3aKOHOMIPHOCTI AMHAMIYHUX 3MiH KICTKOBOI
TKaQHWHW NPOTArOM Nepiofy iIHTEHCUBHOTO BUXOLKYBaH-
HSl HEMOBISAT PO3KPMBAKOTb MUTAHHS LLIOAO HASBHOCTI
OCTEONeHii B HEOOHOLIEHUX [iTei, He BUKITHOYAOYN B
YaCTWHW 3 HUX TPaH3UTOPHOI hasn NPUPOLHOMO OCTEo-
reHesy, NoB’si3aHOT0 3 0COBMUBOCTSAMW FEHETUYHOTO
perynioBaHHs BHYTPILUHLOYTPOBHOTO KiCTKOYTBOPEHHS,
TEPMIHOM HapOMKEHHS Ta MocTHaTanbHUM MeTabonis-
MOM KiCTKOBOI TKaHWHW. ToMy hakT ocTeoneHii nuiue 3a
kputepiem Z-score SOS He moxe OyTu BupilanbHUM
BWCHOBKOM AiarHOCTUKM HEOHaTasIbHOI OCTEOMNEHii, noTpe-
Oye NPOAOBKEHHA JOCNIMKEHHS, 30KpEMA BU3HAYEHHS
BNMBY (PaKTOPIB PU3NKY MOPYLLEHHS OCTEOreHesy npu
BHYTPILLHLO- Ta N03ayTPOGHOMY PO3BUTKY HEMOBIISIT, MO-
LYKy BigMOBiAHWX 3MiH BiOXiMiYHMX MapkepiB KICTKOBOTO
meTaboniamy B HOBOHaPOIXKEHNX.

BucHoBKHM

1. WBMAKICTb NOLIMPEHHS YNbTPa3ByKy B KICTKOBIN
TkaHuHi (SOS) 3a oujiHIOBaHHAM KpuTepito Z-score Bid-
nosigae Hopmi y 45,7 % i3 70 piTel npyu HapPOMKEHHI B
rectauinHomy BiLji 28—36 TUXHIB. Y peLTu HeOOHOLLEHNX
AiTel BU3Ha4eHa OCTeoneHist 3 HU3bkuM (28,6 % piteit) Ta
3HaYHO HU3bKUM (25,7 %) Z-score SOS. 3a nepLui 4 TWXKHI
KUTTS KiNbKICTb HEMOBNSAT 3 OCTeOmNeHiet 3binbLumnacs
B 1,4 pa3a (78,6 %).

2. 3a nepLui 4 TVXHI XUTTS CTATUCTUYHO JOCTOBIPHO
yacriwe (p < 0,05) cnoctepiranu 36inbLueHHs aediunty
KicTKOBOI TkaHuHU B fiTent (52,0 % Bunagku 3 25) i3
HopManbHUMK / cepeaHiMmu nokasHukamm Z-score SOS;
y 18,8 % piten BusiBunu noripiuenHs crady MLLUKT Big
HU3bKUX NOKasHMKiB Z-score SOS npu HapOmKeHH oo
3HAYHO HU3bKUX. Y BinbLluocTi (86,6 %) aiTen 3i 3Ha4HO
HU3bKUM KpUTEPIEM Z-SCOre NMPU HapPOMKEHHI MOKA3HUKM
3anMLMINCh CTanMMu.

3. MeHLLWii recTauiiHWiA BiK HAPOYKEHHS HOBOHAPO-
[KkeHux nigeuLLye B 3,37 pasa LaHCcW HasiBHOCTI OCTeone-
Hii (OR =3,37; 11 95 % [1,25; 9,09], p < 0,05), 8 7,50 pa3a
— LUAHCK MaTh came 3HaYHO HW3bKi NMOKa3HWKM Z-Score
SOS (OR =7,50; [l 95 % [1,60; 34,59], p < 0,05), 8 8,15
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pasa — 3anuLwmnT He3MiHHUMW HU3bKi MOKa3HUKKM Z-score
SOS npotarom nepuoro micausa xutta (OR = 8,15;
0195 % [2,23; 29,70], p < 0,05), Hix Npy HAPOMXEHHI B
34 TxHI recTaduii Ta nisHiwe.

4. Toka3HWKN i3NYHOTO PO3BUTKY HEAOHOLLIEHWX
HOBOHaPOKEHUX He Jar0Tb 3Morv nepenbadysaTu cTaH
i 3MiHM LIBMAKOCTI NOLUMPEHHS YNBTPA3BYKy B KiCTKO-
Bill TKaHWHi, NOTPebyTb AMHAMIYHOI YNbTPa3ByKOBOI
[AEHCUTOMETPIT NOMPK HasIBHICTb KOPENSILINHMX 3B'3KiB
nokasHukis SOS i3 Macoto abo AOBXUHOM Tina HEMOBMSAT
3anexHo Bif recTauinHnX TEPMIHIB HAPOKEHHS.

MepcnekTueu noganblmMx gocnigxeHb. po-
[IOBXEHHS BUBYEHHS 11 HAyKOBOrO aHanisy notpebytorb
npeHaTanbHi Ta NOoCTHaTanbHi akTopu pu3mKy, WO
CMPUYNHAKOTL (HOPMYBaHHS OCTEOMNEHIT B HEAOHOLLEHNX
JiTel, BU3HaYeHHs1 BIOXIMIYHMX 3MiH MpW OCTeoneHii 3
HU3bK/MMW Ta 3HAYHO HU3bKUMU MOKa3HWKaMu Z-score
SOS nig yac KinbKiCHOI ynbTPa3BykOBOi AEHCUTOMETPIT
ANs po3pobrneHHs anropuTMiB AiarHOCTVKK, NiKyBaHHS
Ta npodinakTnkn MeTaboniyHnx MopyLleHb KiCTKOBOI
TKaQHWHW B UUX ZiTEN.

diHaHCyBaHHA

AochipkeHHs 3aiicHeHe B pamkax HAP 3anopisbkoro
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TokcUKoAOTiuHi Ta MopdoAOriuHi acnekTU NPoABY rocTpoi Ail
HaHo-Ti0, i HaHo-Ti0 -Ag Ha neviHKy AabopaTopHUX MULLEN

0. N. ABopoBCbKUNEACPEF C. | CaBocbKo@ABCPE B, M. Pa6oBoA® *ABCPE T, O, 3iHueHKo®BCPE

HauioHanbHUI MeanuHuiA yHiBepeuTeT imeHi 0. 0. boromonbugs, M. Kuis, YkpaiHa

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHMX; C - aHaAi3 Ta iHTepnpeTauis AaHux; D HanucaHHs cTaTTi; E - peparyBaHHs CTaTTi;
F - octatouHe 3aTBEPAXEHHS CTaTTI
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MeTa po6oTyn — pocnimkeHHa ocobnmBocTer Token4Hoi Aii HaHonopowwkis TiO, i TiO,-Ag Ha Mopdonorito Ta enemeHTHUIA
cKnag, neviHky nabopaTopHWUX MULLEN.

Matepianu Ta MmeTogm. Y JOCNIMKEHHI BUKOPUCTAHO MOAENb roCTPOi IHTOKCHKaLLi Ha nabopaTopHMx TBapuHax. MuLiam BHy-
TPiLLIHLOOYEPEBNHHO BBOAMNM HaHonopoLwku TiO, i TiO,-Ag y 103i 4000 mr/kr, 7000 mr/kr aGo 10000 mr/kr. Biponosx ABOX TUXHIB
crocTepiranu 3a TBapyHaMm, OLiHIOBaNM NeTanbHICTb, AOCTIMKYBari HAKOMMYEHHS HAHOMOPOLLIKY B OpraHi Ta Mopdponorito TKaHWH
neviHKK. Y 3paskax neviHkv BU3Hadyanm BMICT TUTaHy Ta cpibrna MeToaoM OnTUKO-EMICIHOI CNeKTPOCKONIT 3 iHAYKTUBHO 3B'S3aHO0
nnaamoto. Mikponpenapaty TkaHUHU NevdiHKv AoCTimKyBany Ha ceitioBoMy Mikpockoni Olympus BX51. Mikponpenapatu neviHkv
[OCTiKyBarnu Takox CkaHyBaribHOK enekTpoHHo Mikpockonieto (CEM) 3a gonomoroto npunagy Tescan Mira 3, Bu3Havanm
€ernemMEeHTHUIA cKrnap 3a LOMOMOroK eHeproaumcnepciitHoro cnektpometpa Oxford instruments, X-max 80 mm?,

Pesyniratit. BUsiBUNM 3aneHICTb NeTanbHOCT MULLIEH Bif 4031 HAHOMOPOLLIKIB; NETaMnbHICTb BuLLA Npy BnMBi HaHO-TiO,-Ag
nopisHAHO 3 HaHo-TiO,. MeTogowm npobiT-aHariay pospaxysanu cepeaHbocMepTenbHi 4osu. [ina HaHo-TiO, LD, ctaHoBUTL
4783,30 mr/kr, ana HaHo-TiO,-Ag — 724,44 wmr/kr. BCTaHOBMNEHO HAKONMYEHHS TUTaHY, a TAaKOX TUTaHY Ta cpibra B neviHLi nicns
BrnuBy HaHo-TiO, i HaHo-TiO,-Ag BiANOBIAHO. 3ararnom crocTepirany TeHAEHLo [0 NOCUIEHHS 3aneXHOCTi BMICTY TUTaHy
B TKaHWHi NeviHKK Big 30ibLUEHHS BBEAEHOT 403W HAHOMOPOLLKIB.

ricTonoriyHMMm meToaamm LocimKyBany MopdornorivHi 3MiHW B neviHLI. HarbinbLu xapakTepHi MOpdonoriyHi 03HaKM TOKCUYHOT
Aii HaHo-TiO, Ha TKaHMHY NeYiHKK — ANCTPOMIHHI 3MiHW Ha piBHi 67,7 % (LMTONMasmMaTyHa Bakyonisais B renatouurax), a B
paai BrinBy HaHo-TiO,-Ag — No4aTKOBI HEKPOTUYHI 3MiHW Ha piBHI 70 % (renaToumTy 3 NikHO30M AEepP). 3a3HA4MMO, LLIO TOKCUYHY
Aito HaHO-TIO, i HaHO-TiO,-Ag 3HaYHO piALLe BUABNANM 3a dhokarnbHUMM HEKPO3aMK Ta 3anarbHIMK peakuismi ((okarnbHa
iH(binbTpaLis), B OKpEMMX BUNaZKkax BU3HaYanM agantauiiHi 3MiHu — 30inbLUeHHs KinbKocTi BiHykneapHux renatounTis. Y
3paskax NeviHk1 BUSIBUW arnomMepaTi HyxopiaHoro martepiasny (KpUcTaniyHi BKIYEHHS), WO AOCTIAKYBanm CnekTpanbHo;
BCTaHOBWIN BUCOKWIA BMICT TuTaHy (Ti). 3a pesynsratamu CEM, mopdomeTpisi nokasana, Lo po3Mipy HaHOYaCTUHOK i iXHiX
arnomeparis cTaHoBnsTh Big 80 HM 4o 20 MKM.

BucHoBKM. JleTanbHiCTb MULLE/ BUABUMACH BULLOK MpW BBEAEHH KOMMNO3NTY HaHO-TiO,-Ag nopisHAHO 3 HaHo-TiO,. 3a
pO3paxoBaHUMK CEpPeAHbOCMEPTENbHUMI J03aMu 0bmaBa HaHOMOPOLLKY BU3HAYeHi 40 3 knacy (MomipHO HebeaneuyHi) He-
6e3neyHoCTi XiMiyHMX peyoBuH 3a FTOCT 12.1.007-76. BctaHoBNEHO, WO 3i 3BiNblLIEHHSIM BBEAEHOT 4031 B TKAHWHI NEYIHKM
nabopaTopHNX MULLIEN 3DOCTaE HAaKOMMYEHHS TUTaHy (npu Aii HaHo-TiO,), TuTaHy Ta cpibna (Mpu aii HaHo-TiO,-Ag). XapakTepHi
MIKPOCKONi4Hi 03HaK) TOKCUYHOT Ail HaHomopowwkis TiO, Ta TiO,-Ag nicyist BHYTPILLHBOOYEPEBIUHHOTO BBEAEHHSA JTabopaTopHUM
MuLLIaM — AMCTPOiYHI 3MiHM renaToumTiB, HEKPO3 MapeHXiMU NeYiHKW, a 3ananbHi peakuii BusiBnsoTh pigwe. CEM i metog,
erneMeHTHoI kapTorpadii TUTaHy NinTBEPANIM HASBHICTL HaHOMACTMHOK TiO, Ta iXHiX arnomepartis y TKaHWHI NeYiHkn y pasi
BBEAEHH: HaHomopowwky TiO,.

Toxicological and morphological aspects of nano-TiO, and nano-Ti0 -Ag acute action
on the liver of mice

0. P. Yavorovskyi, S. |. Savosko, V. M. Riabovol, T. 0. Zinchenko

Aim. To study the toxic effect of TiO, and TiO,-Ag nanopowders on the morphology and elemental composition of the labo-
ratory mice liver.

Materials and methods. The study used a model of acute intoxication on laboratory animals. Mice were injected intraperito-
neally with TiO, and TiO,-Ag nanopowders at 4000 mg/kg, 7000 mg/kg, or 10000 mg/kg doses. During two weeks, the animals
were observed, lethality was assessed, the accumulation of nanopowder in the organ and the morphology of liver tissues
were investigated. The content of titanium and silver in liver samples was determined by optical emission spectroscopy with
inductively coupled plasma. Liver tissue micropreparations were examined using an Olympus BX51 light microscope. Also,
the micropreparations of the liver were examined by scanning electron microscopy (SEM) using the Tescan Mira 3 device,
and the elemental composition was determined using an energy dispersive spectrometer Oxford instrument, X-max 80 mm2,

Results. The dependence of the mice lethality on the nanopowders dose was revealed; mortality was higher when exposed to
nano-TiO,-Ag compared to nano-TiO,. Average lethal doses were calculated using probit analysis. For nano-TiO,, the LD, is
4783.30 mg/kg; for nano-TiO,-Ag — 724.44 mg/kg. The accumulation of titanium, titanium, and silver in the liver after exposure
to nano-TiO, and nano-TiO,-Ag was established. In general, there was a tendency to increase the content of titanium in the
skin tissue with an increase in the administered dose of nanopowders.
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Morphological changes in the liver were studied by histological methods. The most characteristic morphological signs of the
toxic effect of nano-TiO, on tissue were dystrophic changes at the level of 67.7 % (cytoplasmic vacuolization in hepatocytes),
and when exposed to nano-TiO,-Ag - initial necrotic changes at the level of 70 % (hepatocytes with nuclear pyknosis). Itis worth
noting that the toxic effect of nano-TiO, and nano-TiO,-Ag is much less often manifested by focal necrosis and inflammatory
reactions (focal infiltration), in some cases, there were adaptive changes that provoked an increase in the number of binuclear
hepatocytes. In case of detection agglomerates of a foreign object (crystalline inclusions) were obtained, which were examined
spectrally and showed a high content of titanium (Ti). SEM morphometry showed that the size of nanoparticles and their
agglomerates ranged from 80 nm to 20 um.

Conclusions. The lethality of mice was higher when the composition of nano-TiO,-Ag was introduced compared to nano-TiO,.
Based on the calculated average lethal doses, both nanopowders were assigned to the 3" class (moderately dangerous) of the
danger of chemical substances according to the classification of GOST 12.1.007-76. It was established that with an increase in
the injected dose in the tissue of the products of laboratory mice, the accumulation of titanium (under the action of nano-TiO,)
and titanium and silver (under the action of nano-TiO,-Ag) increases. Characteristic microscopic signs of the toxic effect of TiO,
and TiO,-Ag nanopowders after intraperitoneal injection in laboratory bags are dystrophic changes in hepatocytes, necrosis of
parenchymal disease, while inflammatory reactions occur less often. SEM and the method of elemental mapping of titanium
confirmed the presence of TiO, nanoparticles and their agglomerates in skin tissue when TiO, nanopowder was administered.

HaHomartepianu Bce LwMpLLe BUKOPUCTOBYHOTb Y Pi3HUX
rany3six ekOHOMIYHOI AiSnbHOCTI, BKMoYatouy Gionorito Ta
MeauumHy. HaHouacTuHKK fliokeuay TuTaHy (HaHo-TiO,)
— OfHi 3 HareheKTUBHILLIMX (hOTOKaTarni3aTopis, LLO 3acTo-
COBYIOTb [1151 3HELLKO[PKEHHS OpraHiYHnx 3abpyaHtoBavis,
3He3apaxyBaHHs, CTBOPEHHS aHTUMIKPOBHWX | camoo4mc-
HUX NOBEPXOHb. Tak, HaHo4YacTUHKK TiO, BUKOPMCTOBYIOTL
LNS OYMLLEHHS Ta 3HE3apaKEHHS! MOBITPS MPUMILLEHb,
OYLLEHHS CTiYHMX Bog. DOTOKATaNITUYHY aKTUBHICTb Ha-
HodacTuHoK TiO, 3Ha4HO NiABULLYE [IOAABAHHA [0 HAHO-
AioKcMAy TUTaHY NEBHOI KinbkocTi cpibra (HaHo-TiO,-Ag)
[1]. BupaxeHa coTokaTanityHa akT1BHICTb 3yMOBOE
BMCOKY GiororiyHy fito HaHoYacTUHOK TiO, — BipYLMaHY,
6akTepuumaHy, dyHriumaHy [2,3].

Ak nokasanu nonepegHi AOCHIMXKEHHS, Mig Yac Bu-
pobHMLTBa HaHOMaTepianiB HAaHOYaCTUHKY HAAXOASATb Y
NoBITPS PO6OYOT 30HM Ta MOXKYTb NOTPANMATW B OPraHiam
ornepaTopiB CUHTE3Y iHransuiiHUM Wnsxom, 3abpya-
HIOBaTK LLKipY 1 cneuopsr. Bioomo, Lo HaHO4aCTUHKM
Jiokeuay TUTaHy YMHATb LWIKIAAUBY A0 Ha KMITUHHOMY
PiBHI Yepe3 OKCUOATUBHWI CTPEC, (DOPMYIOYM aKTUBHI
dopmu kuchio [3,4,5,6].

BwsiBneHO 3MiHW, CNpUYMHEH BNMBOM HAHOYaCTWMHOK
MeTaniB, ekCrpecii reHis, L0 BignoBifaloTb 3a LWPKaaHi
pUTMW OpraHiamy, perynsijto MeTaboniamy Ta anonTos Krii-
TUH[7,8]. Y chaxoili nirepaTypi HaBeAEeHO [OBOMi OOMEKeEHi
AaHi oo BrMBY HaHo4acTuHOK TiO, Ha MediHky, xo4a
Zo6pe BigoOMO, LLIO KIKHOBY POrb Y AETOKCYKALLl €K30reHHNX
XiMiYHWMX peyoBUH Bigirpae came ueit opraH [9,10]. Tomy
TEOPETUYHUIA | NPaKTUYHUIA TiriEHIYHWA IHTEpeC BUKIMKaE
AocnimkeHHs BnuBy HaHo-TiO, | HaHo-TiO,-Ag Ha CTpyk-
TypY OpraHa Ha piBHi i CBITIOBO, i €NEKTPOHHOI MiKpocKoil,
a TaKOX HAKOMYEHHS! B HBOMY HaHO4YACTMHOK 260 XiMIYHUX
€IIEMEHTIB, 3 SIKMX CKITaJatoTbCs HAHOYACTUHK.

Merta pobotu

[ocnimkeHHs 0coBnNMBOCTEN TOKCUYHOI Aji HAHOMOPOLLKIB
TiO, i TiO,-Ag Ha mopdororito Ta enemeHTHUA cknag
neviHK1 NabopaTopHUX MULLIEN.

Martepianu i meToAU AOCAIAKEHHA

EkcnepumeHTy 3hiicHUnM Ha nabopaTopHWX MULLAX Ha
6asi BiBapito HauioHanbHOro MeauYHOro yHIBEpCUTETY

Maronoris. Tom 20, Ne 2(58), TpaBeHb — cepneHb 2023 p.

imeHi O. O. boromonbus. [Ina gocnigXeHHs rocTpoi
TOKCMYHOCTI HaHo-TiO, BunpoGysan 7 403 Y AianasoHi
B 3000 mr/kr oo 11000 mr/kr, HaHO-TIO,-Ag — 4 no3n B
piana3oHi Big 1000 mr/kr go 10000 mr/kr. Muwwen noginunm
Ha rpynu no 6 0COBUH A1 KOXKHOI 403W HAHOMOPOLLIKIB.
CepeaHbocmeptenbHi goan (LD,) ans o6ox HaHonopo-
LUKIB pO3paxoByBanu MeTogom npobiT-aHanidy B Moau-
hikauii B. B. Mpo3opoBcbKoro.

HakonuyeHHst XiMiYHUX enleMeHTIB HaHO4YaCTUHOK
i MOPCHOMOriYHMX 3MiH TKAHWHW B MEYiHLi BUBYanM Ha
45 muwax-camkax niHii BALB/c. Muwi ogHopa3oBo
otpumani HaHo-TiO, i HaHO-TiO,-Ag y Aosi 4000 mr/kr,
7000 mr/kr a6o 10000 Mr/Kr LLASXOM BHYTPILLHBOOYE-
PEBUHHOTMO BBEAEHHS. [1N KOXHOI 403U HAHOMOPOLLIKIB
cchopmyBanu focnigHy rpyny i3 6 TBapuH (3aranom
6 rpyn); y KOHTponbHin rpyni — 9 muwen. CycneHsito
HaHOMOPOLUKIB roTyBanu Ha i3ionoriYHOMY pO3UUHI
(0,9 % NaCl) 3 nepemiLLyBaHHAM Ha MarHiTHiIi MiLasnLi
nepes BBefeHHAM. KOHTPOMbHIN rpyni TBAapyUH BBOAWNN
dpisionoriyHmnin po3unH (0,9 % NaCl), sikmia 3actocyBanm sik
aucnepcHe cepeposuLLe. [Micns BBeOEHHS HAHOMOPOLLKY
crnocTepiran 3a CTaHOM TBapUH YNPOAOBX ABOX TUXKHIB,
oUiHIOBanu NposiBM iHTOKCUKaLii, 3aiicHioBanu obnik
3arnbnmx ocobuH. TBapuH i3 KOHTPOMLHOI Ta AOCMIAHNUX
rpyn, SIKi He 3arvHynn BNPOAOBX ABOX TVXKHIB, BUBOAWIN
3 eKcnepumeHTy Ha 14 noby metogom Aekanitauii nig
Hapkozom nponodony 1 %.

YMOBYW YTPUMaHHS Ta BUKOPYCTaHHS nabopaTtopHnx
TBapWH BIAMNOBiAaNW Npasunam i NOnoXeHHAM «EBpo-
NecbKoi KOHBEHLT PO 3aXMCT XpeBeTHWX TBAPUH, SIKMX
BMKOPUCTOBYIOTb i3 JOCTIAHMMM Ta IHLWMMU HAYKOBUMU
uinamuy (Ctpacbypr, 1986), noromkeHi koMicieto 3 NMTaHb
6i0eTMYHOT eKCnepTH3N Ta ETVKM HAyKOBUX AOCHIMKEHD
HauioHanbHoro MmegunyHoro yHisepcutety iMeHi O. O. bo-
romonbus, npotokon Ne 128 Big 23.12.2019 p.

Hocrigpxysanu HaHonopowwok TiO,, cuHTe30BaHUi
METOAOM TEPMIYHOrO PO3KNagy METaTUTaHOBOI KUCIOTK
LUNSXOM HarpiBaHHs Ao Temnepatypu 700 °C 3i wauaki-
cTio HarpiBy 5 °C/xB, Ta HAGHOKOMMNO3WT ZiOKCUAY TUTaHy
3i cpibnom (HaHo-TiO,-Ag), OTpUMaHWIA METOAOM XiMi4-
HOTO OCa[PKEHHS METATUTAHOBOI KUCMOTY 3 J0AaBaHHAM
HiTpaTy cpibna B KinbkocTi 4 % BiA Macu KOMMO3UTY Npu
Temnepatypi 500-600 °C, ski ogepxaHi B IHCTUTYTI npo-
6nem matepianosHascTsa iMeHi |. M. ®paHuesnya HAH
Ykpaitu. CepepHii poamip aucnepcHoi asu ans TiO,
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y KOMno3uTHomy martepiani ctaHosus 13-20 HM, Ans
Ag — 35-40 Hm [1,11].

BwmicT xiMiuHnx enemeHTiB Ti Ta Ag Yy 3paskax nediHku
BI3HAYanu 3a JONOMOIOK METOAY ONTUKO-EMICIHOT Criek-
Tpockonii 3 iHAYKTUBHO 3B’A3aHot0 nnaamoto (OEC-I31M)
Ha npunagi Optima 2100 DV (Perkin-Elmer, CLUA) [12].
HaBaxKky opraHiB MWLIEN NPOBOAMIIN HA aHaMITUYHMX
Barax, Nomilanuv B aBToknas, gogasanu 3,0 M KOHLIEH-
TpoBaHoi HiTpaTHoi kucnotn (Merck) Ta BUTpUMyBanm
30 xB. lNMoTim MmiHepanidyBanu y MiKpOXBUMbOBIN nevi
MARS-one. Nicnst oxonomkeHHs npoby nepemilLlyBanu B
MipHUWIA nocya i fosoauny 06’em 4o 5,0 Mn AeioHi30BaHO
Bogot. CTaTncTMYyHO pesynbTati onpalboByBanu 3a
ZLOMOMOTOH0 iHCTanb0BaHOMO NPOrpaMHOro 3abe3neqeHHs
npunagy OEC-I3MN WinLab32 B onepauiiHin cuctemi
Windows XP prof.

lMeviHky Muwen ansa ricTonoriYyHoro AOCNimKEeHHs
Opanu nicns 3arnbeni Yn BUBEAEHHS 3 EKCIEPUMEHTY.
3pasku opraHiB dikcyBanu y 10 % po3yuHi dopmani-
Hy (pH 7,4), 3HeBogHOBanu B isonponaHoni (3 cepii,
99,8 %), ywinbHioBanu B napadiHi (3 cepii) (Leica
Surgipath Paraplast Regular). MapadiHosi 3pisu
3aBTOBLUKW 4 MKM BUTOTOBASANM Ha MikpoTomi Thermo
Microm HM 360. 3piav nenapadinisysanu, 3abapsnto-
Ban reMaToKCUIiHOM Ta €03MHOM, CipiyCOM YEPBOHUM
i3 Jo3abapBneHHsaM rematokcuniHom Bevirepta. Mik-
ponpenapatu gocnimxysanu Ha Mikpockoni Olympus
BX51, cdororpacpysanu npu 36inbwenHi x200, x400.
MikpocKoniyHi 3MiHW NEYiHKW OLiHIOBaIM 3a METOAOM,
Lo HaBefeHo B cTaTTi [12].

I3 napachiHoBMX GrOKIB BUrOTOBMSNM 3pi3n 3aBTOB-
LK 4 MKM, (piKCyBanm Ha OKpyri KpeMHIEBi ckenbLs
fiameTpom 6-8 MM (3HexwpeHi, 6e3 nokpuTTs). CkenbLs
AdenapadiHizyBanu B KCUMoni Sk Ans ricTonoriYHoro
JOCNiMKeHHs, BUCYLWYBanu B yctaHoBLi Samdri-780A
y Kputidin Touui CO,. B ycrarosui Gatan 682 PECS
cTBOptoBanu nokputTa Au/Pd 3aBToBWKM 15 HM. Cka-
HyBarnbHy eneKkTpPoHHy Mikpockonito (CEM) aaincHunm,
3acTocyBaBwy npunag Tescan Mira 3 LMU (Yexis).
3pasku gocnigkysanu B pexuMi AeTekuii BTOPUHHUX
(BUBUTUX €NEKTPOHIB 3 aToMiB, SE) Ta 3BOPOTHOBIAOWTIX
(BSE) enektpoHiB. EnemeHTHUIN cknag i noenemeHTHe
KapTyBaHHs1 ofep»arnu 3a 4ONOMOroK eHeproancnepcin-
Horo cnektpometpa Oxford instruments, X-max 80 mm?
(Benuka bpuTanis).

CratncTyHo pesynsratit JOCTIMKEHHS onpavoBa-
11, 3QIVICHUBLLN NEPEBIPKY Ha HOPMarnbHICTb Po3noainy
3a kputepiem W LWanipo-Binka. [na cratmctuyHoro
onpaLoBaHHA BUKOPUCTanu napameTpuyHi KpuTepii:
CTblogeHTa, AMUCNepcCiiHUA aHanis, METoA MHOXMHHIX
nopiBHsHb Wedde. 3acTtocyBanu Takox Henapame-
TPUYHi kpuTepii: W-kputepin BinkokcoHa, paHroBui
ofHOaKTOpHWUI aHania Kpackena—Bonnica, MHOXWHHI
NOPIBHAHHA 3a KpuTtepiem [laHHa. BigmiHHICTb BBaxanu
CTaTUCTMYHO 3HadyLwoo npu p < 0,05. MMig yac po6otm
BUKopucTanu naket nporpam MedStat v.5.2 (Copyright©
2003-2019) [13].

PesyAbTati

Ana BU3HaYeHHs rocTpoi TOKCMYHOCTI HaHo-TiO, Bunpo-
Oysanu 7 no3 y aianasoHi Big 3000 mr/kr go 11000 mr/kr.
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loctpy TokcuyHicTb HaHo-TiO,-Ag ouiHIOBanM npu Bee-
ZeHHi 4 no3 y pianasoHi Big 1000 mr/kr 4o 10000 mr/kr.
Mpu BBEAeHHI HaHO-TIO, B f03i 5000 mr/kr i binbLue, a
Ans HaHo-TiO,-Ag -y aosi 1000 mr/kr i Ginblue crnocTe-
piranu KniHiky rocTporo OTpyeHHsI: BTpaTy iHTEpecy [0
K Ta BOAW, 3HKEHHS PYXOBOI aKTUBHOCTI, 3aranbMo-
BaHICTb | MPUrHIYEHICTb TBAPWH. YNPOLOBX ABOX TWKHIB
crnocTepirany 3arnbenb MULLEN, Sk NpaBKIo, KinbKiCTb
BUMaZKiB NiaBuLLYyBanack 3i 36inbLUeHHsIM BBEOEHOI 03V
Hosa HaHo-TiO, 9000 mr/kr Bu3Ha4YeHa sk abcomoTHO
cmeprerbHa, A03a HaHo-TiO, 4000 mr/kr — MakcumanbHo
nepeHocHa. [ina HaHo-TiO,-Ag fosa 7000 mr/kr Gyna
abConTHO CMEPTENLHO, MakCUManbHO NePEHOCHa
fo3a — meHwe 3a 1000 mr/kr. 3acTocyBaBLn MeTOq
npobiT-aHanidy B mogudikauii B. b. Mposoposcbkoro,
po3paxyBanu cepefHbOCMEPTENbHI 1031 HAHOMOPOLLIKIB,
uo pocnimkysanu. ina HaHo-TiO, LD, craHoBuna
4783,30 mr/kr; ans HaHo-TiO,-Ag — 724,44 mr/kr.

B ekcnepyMeHTi Ha MULLaXx ansi BUBYEHHS HAKOMW-
YEHHS! XiMIYHUX EnemeHTIB HaHOYaCTUHOK i Mopdono-
MYHMX 3MiH TKAHWHM B NeYiHLi 3adpikcyBany neTansHIcTb
[OCNiAHMX TBapuH. Tak, 3a pesynsratamu crioctepe-
KEHHS 3a rpynamu MULIEN, kM BBOAWUIM HaHO-TIO,,
BusBUnu: gosa 4000 Mr/kr He cnpuymHsie 3arvbensb, fo3a
7000 mr/kr 3ymoBntoe netanbHicTb 33 % 0CoBuH (3armHy-
NV HaNPWKiHLI Apyroi obu), nosa 10000 mr/kr npussena
[0 3armbeni BCiX TBApWH 3Ae06iNbLIOro HanpyKiHLI nepLuoi
A06wn. Y rpynax muwei, SkuM BBOAUNM HaHo-TiO,-Ag,
3achikcyBanum 3arnbenb GiNbLIOCTI TBAPUH HAMPUKiHL
nepwoi gobu, sokpema gosa 4000 mr/kr cnpuynHuna
neTanbHiCcTb Ha piBHi 83 %, no3u 7000 mr/kri 10000 mr/kr
—100 %.

[ani, Wo XapakTepuaytoTb BMICT Y TKaHUHI NEYiHKM
TvTaHy (Ti) Ta cpibna (Ag) Npu BBEOEHHI HAHOMOPOLLKIB
y pisHux gosax (4000 mr/kr, 7000 mr/kr i 10000 mr/kr),
HaBegeHo B mabnuyi 1. Busasunu TeHaeHLio Ao nocu-
NEHHs 3aneXHOCTi BMICTY TUTaHY B TKaHWHI NeYiHKW Bifg
36inbLUEeHHs 403K HaHOMOPOLUKY. BuHaTkom Byna fosa
4000 wmr/kr HaHo-TiO,, ane 3ayBaxumo, Lo ii BBeAEH-
Hs1 He npw3Beno o 3arubeni TBapWH 4O 3aBEpLUEHHS!
€KCMEPVMEHTY, a NpW BBEAEHHI iHWMX J03 3adikcyBanm
3arnbenb MuLLei 10 KiHUs nepLuoi fobw. Mpunyckaemo,
Lo BifOyBCS Nepepo3nogin i HaKOMMYEHHS HAHOYaCTUHOK
TiO, 3 iHLLMX OpraHiB i TKaHWH Y NeYiHKy. Kpim Toro, MoxHa
npunyctTy, wo y Aosi 10000 mr/kr HaHo-TiO,-Ag, Akui
3a LD, € 6irblLu TOKCUYHUM, Hix HaHO-TiO,, iHTEHCHBHI-
Le 3arnoBHIOBAB IHTEPCTULanbHUA NPOCTIP Y TKaHUHI
MEYiHKN MULLeN Ta CMPUYMHAB PyWHYBaHHS MemBpaHu
renaToumTiB.

AHanoriyHy 3anexHicTb BUSBIIM LLIOAO HAKOMUYEHHS
cpibna B TKaHWHI NEYiHKUM MULEN NpW BBEAEHHI HAHO-
nopotuky TiO,-Ag y A03ax 4000 mr/kr, 7000 mr/kr, 10000 mr/kr.
lMpo ue cBigyaTh He TiNbKu BUSIBMEH AOCTOBIPHI 3MiHN,
arne i BepxHs Mexa BiporigHoro iHTepsany, Lo 3pocTana
3 3,40 mkr/r po 4,42 mkr/r i 6,27 MKr/r npy BBeAEHHI 003
4000 mr/kr, 7000 mr/kr i 10000 mr/kr BigrnosigHo.

BHyTpilHb004epeBrHHE BBEAEHHS (idionoriyHoro
PO34MHY (KOHTPOMb) He MO3HAYMNOCh Ha Mopdonorii
napeHxiMu neviHku (puc. 1A), a HaHo-TiO, Ta HaHo-TiO,-
Ag CNpUYMHANN 3MiHW NEYiHKX, 30KpeMa MOLLKOMKEHHS
KMITWUH NeYiHKW renaToumTiB i KNiTH KPOBOHOCHUX CYANH
(puc. 16-1).
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Puc. 1. FicTonoriyi 3miHn
neYiHKu MULLEeR Y KOHTPORi
Ta nicnsi 0AHOPa3oBoro
BHYTPILIHBOOYEPEBUHHOTO
BBEfjeHHs HaHo-TiO,

a60o HaHo-TiO,-Ag.

A: neviHka TBapuH KOHTPONbHOT
rpynu;

B: HEKPOTUYHI 3MiHW renaTouuTiB,
BakyorisaLlisi LuTonnasmm
renaToLuTiB NeyiHkv TBApuH nicns
BBefieHHs 4000 mr/kr HaHo-TiO,,
14 noba;

B: BKodeHHs HaHo-TiO, (cTpinka)
Y NeYiHLi TBapuH Nicnsi BBEAEHHS
7000 mr/kr HaHo-TiO,, 2 poba;

[ HEKPOTWYHI 3MiHM NeYiHK1
TBapyH Micns BBEAEHHS
7000 mr/kr HaHo-TiO,, 2 poba;

A: BKIto4eHHs HaHo-TiO,
(cTpinka) Ta KonareHoreHes y
cybkancynsipHii BinsHUi nediHku
TBAPYH NiCNs BBEAEHHS

7000 mr/kr HaHo-TiO,, 14 noGa;

E: po3LunpeHHs kaninspis nevikn
TBapuH nicns BBEOEHHA
10000 mr/kr HaHo-TiO,, 1 noba;

€: po3LUNpeHHs Kaninspie i Hekpo3
renaToLuTiB NeviHkv TBapuH

nicns BBEAEHHs!

4000 mr/kr HaHo-TiO,-Ag, 1 f06a;

JK: HEKPOTUYHI 3MiHM NEYiHKKM
TBapWH MiCNst BBEAEHHS
4000 mr/kr Haro-TiO,-Ag, 14 noba;

3: PO3LUMPEHHS Kaninspis i HEKPO3
renaToLuTiB NeviHkv TBapuH

nicns BBEAEHHS!

7000 mr/kr HaHo-TiO,-Ag, 1 f06a;

I: AINSHK HEKPO3IB Y NeYiHL
TBapyH Micnsi BBEAEHHS
10000 mr/kr HaHo-TiO,-Ag, 1 Aoba.

3abapereHHs —

CipiyC YepBOHUIA, reMaToKCumiH
Berirepra.

Lkana 100 mkm.
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Mpu BBEAEHHI HaHonopoLuky TiO, y 4osi 7000 mr/kry
3pas3kax NneviHk1 BUSIBMANMW arnoMepaTy YyxopigHoro Ma-
Tepiany (KpucTanivHi BKIOYEHHS) i nicns ayToncii Muwen,
LLIO 3arviHymu HanpwKiHLi Apyroi 4obw (puc. 1B), i B 0COBKH,
Lo Gynu BBEAEHI 3 eKCNEPUMEHTY LUMSXOM AekaniTauii
Ha 14 poby pocnigy (puc. 14). Kpuctaniyni ckynyeHHs
BUSIBUINM B iHTEPCTULiNBHOMY MPOCTOpi, N06nu3y renato-
LmTiB Ganok NeYiHKOBMX YaCTOHOK, B3LOBX CTIHKM AESKNX
reMokaninsapie; B pasi BEMKOI LLINbHOCTI KPUCTasivYHNX
arnomMeparis y napeHxiMi nevdiHky crnocTepirani BKIIOYEHHS
Yy NPOCBITi MIKPOCYAMH i XXOBYHWX NPOTOK (puc. 1B).

HeogHopigHICTb BUSIBMNEHHS, 04EBMAHO, MOB’A3aHa
3 7103010 Ta XapaKTepoM poanoginy HaHo-TiO, Ta HaHo-
TiO,-Ag B 04epeByHi Nicrns BBeAeHH:. Buasnnm peakLio
CMOYYHOI TKAHWHK Ha YyKopigHU Matepian, Bindyea-
nachk iHKaNCynsUis KpUCTanivyHUX BKITHOYEHDb Y OiNsHKaX
Kancynu neviHku, 3adikCyBanm 3Ha4YHuUi KonareHoreHe3
B ocepefkax BusBreHHs HaHo-TiO, Ta HaHo-TiO,-Ag
(puc. 140). OpibHooCcepenKoBi kpucTanu y napeHximi ne-
YiHKK, SIKi BUSHaYanu B pasi BBELEHHS HAaHOMOPOLLKIB Y
fosax 7000 mr/kr i 10000 mr/kr, Cnpu4nHany pokanbHWiA
Hekpo3 remartouuTiB (puc. 1/, 11), napeHxima opraHa,
apXITEKTOHIKa CTPYKTYPHO-PYHKLIOHANBHWUX OAMHULb
NEYiHKM (4aCTOUKM MeEYiHKM) CyTTEBO 3MiHEH.

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

MIRA3 TESCAI

et Electron Image 1

Puc. 2. Pesynbratyn 3actocyBaHHst CEM i3 MopdhoMeTpieto Ta noeneMeHTHIM
aHaniaom HaHo-TiO,. Armomepar HaHo-TiO, y nediHui MuLueit Ha 1 406y nicna
BHYTPILIHBOOYEPEBUHHOTO BBEAEHHS!.

A: pexum pocnimkeHHs BSE;
B, B: pexwm gocnimkenHs SE;
I: BUSIBNEHi CNEKTPU XIMIYHUX enemeHTIB.

Ha puc. 2 i B mabnuui 2 HaBegeHO BUSIBNEHI arno-
MepaTi HaHo-TiO, y TKaHWHI NediHKK 3a pesyrsTatamu
CEM i ixHin enemMeHTHUI cknap, i3 BUCOKMM BMicTOM Ti.
3pasky neviHkv NpoaHaniaysanm MeTo[oM CreKTPOMETPIl,
pe3ynbTaTi HaBEAEHO SIK MOENEeMEHTHY KapTorpamy
(mabn. 2). Lle nano amory AOCTOBIPHO ideHTUdiKyBaTH
HasBHICTb Ti y KpUCTaniYHWX BKMHOYEHHSX, BUSBUTU
Andpy3sHnia posnogin Ti'y TKaHUHi NediHkn Ta BCTAHOBUTY
nokanisauito arnomepatis HaHo-TiO, Ana HacTynHOI
MOpPHOMETPIl.

MopdomeTpis nokasana, Lo po3Mipn HaHOYaCTUHOK
i ixHix arnomepariB ctaHoBNATh Big 80 HM 40 20 MKM
(puc. 2A, 2B, 2B). CnekTporpama gana 3amory BusiButv 9
XiMi4HIX enemeHTiB. HasiBHiCTb B cniekTpax 1, 21 3 XiMiyHMX
enemeHTi ByrmeLto (C), asoty (N), kucto (O), Hatpito (Na),
marHito (Mg), anmtomitito (Al) i kanbuito (Ca) mae bionoriyHe
MOXOMKEHHS, NMOB’A3aHE 3 BMICTOM KMiTUH TKAHWH NEYiHKM.
TuTaH, BUSIBNEHUI Y CeKTpax, NiATBEPAKYE HASBHICTb B
TKaHHi NeviHkK HaHodacTuHok TiO, (maér. 2).

l'onosHi 3MiHWM Mopchonorii renaTouuTiB (BpaxoByroun
MOCMEPTHI 3MiHW, ayTONITUYHI MpoLecK) — Bakyonisauis
umTonnasMm (ONTUYHO MOPOXHS LMTONMasMa remnaro-
LmTIB), NiKHO3 si4eP, 36iNbLUEHHS KiINbKOCTI ABOSAEPHUX
renatouuTis. Habpsik renatouuTis, piska aunartauis
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Tabanus 1. Bmict TutaHy i cpibna B nediHui Mywwei nicns BeeaeHHs HaHovacTuHok TiO, i TiO,-Ag, meaiana (95 % BI), mkr/r, n = 6

uosa .

XimMiyHUI enemeHT, MKr/T
il

KoHTponb 0,34 (95 % BI 0,30-0,42) 0,003 (95 % BI 0,003-0,003)
HaHo-TiO, 4000 124,29 (95 % Bl 11,54-275,92)* -
7000 49,72 (95 % BI 19,09-263,19) -
10000 78,37 (95 % Bl 18,17-121,67)
Haro-TiO,-Ag 4000 30,80 (95 % BI 4,60-137,80) 2,53 (95 % BI 1,38-3,40)*
7000 42,77 (95 % BI 4,60-666,42) 2,75 (95 % BI 0,74-4,42)*
10000 299,25 (95 % Bl 7,72-449,72)* 1,75 (95 % Bl 1,14-6,27)*

*:p < 0,05, cTaTMCTMYHO BipOriaHa BiAMIHHICTb NOPIBHAHO 3 KOHTPONEM.

Tabanus 2. PesyniTatv aHanisy noenemMeHTHOro cknagy B arnomeparax HaHo-TiO, B nediHUi (cnekTp 1) i KOHTporbHe AocnimkeHHs BionoriyHoro 3paska
(cnekTp 2), ckna (cnekTp 3)

L T .

CnekTp 1, Ti-BMicHi 06'ekTH 24,5 40,5 33,0 100,0
CnekTp 2, opraHiyHuin Matepian 59,8 12,9 14,2 1,6 0,5 0,2 8,7 1,6 0,3 100,0
CnekTp 3, TecT-06'€KT CKIO 35,0 - 33,8 43 1,2 0,3 20,4 4,0 0,7 100,0

Tabnuus 3. MikpockomiyHi 3MiHM NEYiHKN MiCIA BHYTPILIHBOOYEPEBUHHONO BBEAEHHS HaHo-TiO, Ta HaHO-TiO,-Ag

XapakTep 3MiH Tun ricronaTonoriyHnx 3miH Bincotok (%) AomiHytoumnx 3miH | BincoTok (%) AOMiHYrOUMX 3MiH

BiA 3aranbHOi KiNbKOCTi TBAPUH | Bif 3aranbHoi KiNnbKOCTi TBapuH

y rpyni nig Bnnueom HaHo-TiO,, |y rpyni nia BAnBoM HaHo-TiO,-Ag,

n=12 n=10
LucTpodivi Litonnaamatuyna Bakyonisauisi (rigponivHa anctpodis) B renatountax 66,7 60,0
MepeaHeKpoTUYHi [enaToumnTy 3 NikHO30M sifep 25,0 70,0
HekpoTtnyHi ®dokanbHi Hekpoan 8,3 30,0
3ananbHi ®okanbHa iHpinbTpaLlis 3ananbHUX KIiTUH 8,3 20,0
ApanTauiiHi 306inbLueHHst KinbKoCTi GiHyKneapHux renatouuTie 8,3 40,0

CUHYCOIAHMX KaninspiB NeyiHkW, HEKPO3 KMiTUH CyauH
Ha 14 noby nicnst BBeAeHHs HaHo-TiO, Ta HaHo-TiO,-Ag
cBiAYaTh NPO iXHK TOKCUYHY Zjto Ta nopyLUeHHs 6ap’epHoi
dPYHKLUIT CyOMH NEYiHKK, a OTXe 1 ypaKeHHs renatouuTis. Y
pasi BBefieHHs HaHo-TiO, y fosax 4000 mr/kri 10000 mr/kr
Ha 14 poby ekcnepuMEHTY MiKPOCKOMIYHO BUSBNSAIN
GinbLUy KiNbKICTb ABOSIAEPHUX FenaTouuTiB NOPIBHSHO
3i 3paskamm KOHTPOIbHOI rpynu. Lie Moxe cBiguutv npo
MNeBHi afanTauinHi Ta penapaTuBHi 3MiHW B renatouuTax.

Mpu BHYTPILIHBOOYEPEBNHHOMY BBELIEHHI HaHo-TiO,
Ta HaHo-TiO,-Ag BiABYNoCh PO3LIMPEHHST MIKPOCYANH
napeHxiMy MevdiHkW, 30Kpema CUHYCOIQHMX Kaninspis,
LIeHTpanbHoi BeHW, NopTanbHoi BeHw y Tpiagax. CyanHu
TpiaZ y nopTasibH1X YacTouKax pi3ko KPOBOHAMOBHEHI, @
MIKPOLIMPKYNALS CUHYCOIAHUMM Kaninspamu Bigpi3Hs-
nacs, 6yna HeopHopigHoto. JleTanbHicTb NabopaTopHux
MULLEN NiCNSA BHYTPILLHbOOYEPEBUHHOTO BBEAEHHS
HaHo-TiO,-Ag Morria By T CrpuYMHEHa TOKCUYHOIO At
Ha KIITUHK KPOBOHOCHWMX CYOMH.

3piaka BusBnANM okanbHy 3ananbHy iHdinsTpa-
uito (makpodparu, nimgoumntn). Ha 14 noby makpodparu
charouutyBanu knituHHUA getput. OgHak HaBiTb Y
AinsHKax, ge BUSABMEHO KpUCTaniyHUM YyxopigHun
martepiarn, He BUHWKana 3ananbHa iHinsTpayis. Imo-
BIpHICTb PO3BUTKY 3ananbHOro NPoLecy Y BiAnoBiab Ha
BHYTPILIHLOOYEPEBNHHE BBEEHHA HaHO-TiO, Ta HaHO-
TiO,-Ag Hesucoka. TiO, Moxe B3aeMopiaTh 3 Binkami i
depmeHTamm B iHTEPCTULIIANBEHOMY NMPOCTOPI NEYiHKY,
CMIPUYMHSIONM FeHepaLito akTUBHUX HOPM KUCHIO, LLO
MOXYTb iHOYKYBaTU 3anarnbHy Bignosidb. Ane y Halwomy

Maronoris. Tom 20, Ne 2(58), TpaBeHb — cepneHb 2023 p.

JOCNIMKEeHHI BUSBNEHO HecneumndiyHi SBuLLa HEKPO3Y,
LU0 AOMiHYBanmM Haf iMOBIPHICTIO BUHUKHEHHS! 3ananbHOi
peakuii. HaBegeHi 3MiHW NEYiHKM CUCTEMATU30BaHO i
HaBefeHo B mabnuuj 3.

3pobunu BUCHOBOK, IO HaMbinbLL XapakTepHi Mi-
KpOCKOMiYHi 03HaK TOKCUYHOI Ail HaHO-TiO, — AncTpodbiy-
Hi 3MiHV Ha piBHI 67,7 % (LMTONNasmaTyHa Bakyonisavis
B renarouyuTax), a npu Bnivsi HaHo-TiO,-Ag — NOYaTKOBI
HEKPOTWYHI 3MiHK Ha piBHi 70,0 % (renaTouuTy 3 NikHO-
30M sifiep). 3asHaunMo, Lo TOKCUYHY fAjto HaHo-TiO,
HaHo-TiO,-Ag 3Ha4HO pifLLie BUSIBNANM 3a (DOKarNbHAMMU
HEKpO3amM Ta 3anarnbHUMK peakLisiMuy (okarnbHa iHinb-
Tpauis), B OKpeMux BUNagkax crocrepirani agantaviiHi
3MiHU — 36inbLLEHHS KiNbKOCTi GiHYKNeapHWX renatouuTis.

06roBopeHHs

[poTarom gocnimkeHHs NOPIBHSANM BNAMB rOCTPOI Aji Ha-
HO-TiO, i HaHO-TiO,-Ag Ha TOKCMKOMOTiUHi, MOPEONOTiUHi
3MiHU | BMICT MeTaniB y neviHui nabopaTopHUX MULLIEN.
BcraHoeneHo, wo HaHo-TiO,-Ag Ginbl TOKCUYHMA,
Hix HaHO-TiO, 3a BENNUYMHOK CepeaHbOCMEpPTENbHOI
po3u. MNMokasaHo, Wo 3i 30inblIeHHAM BBedeHO! 403
(Big 4000 mr/kr o 10000 mr/kr) B TKaHWHI NeviHkM na-
60paToOpHMX MULLEN 3POCTAE HAKOMUYEHHS TUTaHy (Mpu
Aii HaHo-TiO,), TuTaHy Ta cpibna (npw Aii HaHo-TiO,-Ag).

3a pesynsratamm CBITIIOBOI MIKPOCKOMIi BCTAHOBWIN,
O XapaKTEPHUMI O3HaKaMi TOKCUYHOI fji HaHO-TiO,
BVSIBUINCb ANCTPOMIYHi 3MiHW Ha piBHI 67,7 % (umTonnas-
MaTu4Ha Bakyonisavis B renatouuTax), a npy BnavBei Ha-
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HO-TiO,-Ag — no4aTKoBi HEKPOTIYHI 3MiHM Ha pisHi 70,0 %
(renaToumTH 3 NiKHO30M Sep). Haronocymo, Lo TOKCUYHa
nist HaHo-TiO, i HaHo-TiO,-Ag 3Ha4HO pifiLLie NPOABNANACch
okanbHUMK Hekpo3aMu Ta 3ananbHUMK peakuismm
(chokanbHa iHoinbTpaList), B OKPEMMX BUNAAKaX BUSIBISIN
afanTaLiiiHi 1 penapaTuBHi 3MiHKM, 30kpema 30iMbLLIEHHS!
KinbKOCTi GiHykneapHwx renatouuTi. 3actocyBaHHs CEM
i MeToay KapTorpadii 4ano 3mory BUSIBUTU AMGY3HUNA
po3nopin TMTaHy B TKaHWHI NEYIHKM Ta BCTAHOBUTU JlOKa-
ni3aLlito, po3Mipu HAHOYACTUHOK i IXHIX arrioMeparis.

[aHi, wo ogepxanu, BignoBigalTs pesynsratam
pocnigxeHHs W. G. Kreyling et al. [14]: HaHO4YaCTUHKK
TiO, BNGIPKOBO HAKOMUUYHOTBLCA, KPIM IHLLMX BHYTPILLIHIX
opraHiB, B neviHui nabopaTopHuX TBapuH. 3a AaHUMU
aBTOpIB, BMBEAEHHA HAHOYACTMHOK BinbyBaeTbCcs 10-
CTaTHbO MOBIMBHO, LLIO MOCUITIOE IXHili TOKCUYHMIA BNIUB
Ha opraniam [14].

PesynbTatit HaWoro AOCniAXeHHs1 OMOBHIOKTh
BigoMOcCTi, BUknageHi B poboti Rupal Shrivastava et al.
[4]. Tak, 3acTocyBaBLUM METOAM EMEKTPOHHOT MIKPOCKOMIi
aBTOPU MOKa3anu, Lo HAaHOYACTWHKW HaKOMWYYOTLCS B
Pi3HMX KOMMapPTMEHTax renaTouuTiB i kniTuHax Kyndpepa.

Pasom 3 TvM, BiAOMOCTI, LLO MU BCTAHOBUMHU, Bid-
pi3HsIIOTBCS Bif pe3ynbTartie gocnimkeHHs A. T. Saber et
al. [15], ski 3pobunm BUCHOBOK, LLO FONIOBHUM NPOSIBOM
TOKCUYHOI Aiii HaHO-TiO, € 3anarbHi 3MiHW B TKaHWHI ne-
YiHku. Lli BiGMIHHOCTi MOXHa NOSICHUTM TUM, LLIO OCHOBHY
YacTUHy MOPONONIYHNX 3MiH M1 BUSIBIIM Ha @y TOMCIlHO-
My marepiani, a TakoX pisH1M QU3aiHOM EKCNEPUMEHTIB,
fo3amu, cnocobamu BBEAEHHS, Pi3HOI OWUCMEPHICTIO
HaHomaTepiany TOLLO.

3aranom pesynsrtaru, BCTAHOBMEHI Y LIbOMY A0CH-
[DKEHHIi, mokasanu: NoTpanmsHHA B OpraHiaM BUCOKUX
no3 HaHo-TiO, abo HaHo-TiO,-Ag MoXe 6yTU NPUUMHOIO
He TinbKn AUCTPOdIYHMX, 3ananbHKX 3MiH, ane N HeKPo3y
napeHxiMu neviku. Lie 3ymoBntoe HeobxigHICTb NpoaoB-
XKEHHS! BYUBYEHHS Poni HAHOYACTUHOK ZiOKCHY TUTaHy B
NeviHLi, 0cobnuBo L0 BiAHOBHMX NPOLIECIB B OpraHax.

BuUcHOBKU

1. BcTaHoBUNM 3aN€XHICTb IETanNbHOCTi nabopatop-
HUX TBapWH Bia 031 HaHonopoLkis TiO, i TiO,-Ag, BBe-
[EHUX BHYTPILUHBOOYEPEBUHHUM LLNAXOM. JleTanbHiCcTb
BMABUNACH BULLIOKO NPU BBEAEHHI KOMNO3UTY HaHo-TiO,-
Ag nopisHsiHO 3 HaHO-TiO,. LD, Anst HaHonopowwky TiO,
AopisHioe 4783,30 mr/kr, LD, ans Hanonopotwuky TiO,-Ag
— 724,44 wr/kr. Lie nae ninctaBu BU3HaumTy ix 4o 3 knacy
(nomipHO Hebe3neyHi) Hebe3neyYHOCTi XiMIYHNX PEHOBMH
3a [OCT 12.1.007-76.

2. Haronopouuku TiO, i TiO,-Ag HakonnuyoTbes y
neviHuUi nabopaTopHUX TBapUH NpW BHYTPILLHbOOYEPE-
BMHHOMY BBe[EHHi. BCcTaHOBNEHO, WO 3i 30inbLUeHHsIM
BBeaeHoi goau (Big 4000 mr/kr 4o 10000 Mr/kr) B TKaHUHI
neviHkM nabopaTopHUX MULLEN 3POCTAE HAKOMUYEHHS
TUTaHy (Npu aji HaHo-TiO,), TuTaHy Ta cpibna (npw Aii
HaHo-TiO,-Ag).

3. XapakTepHi MiKpOCKOMiYHi O3HaKM TOKCUYHOI Aii
HaHonopoLwkia TiO, Ta TiO,-Ag nicnst BHyTpiLLIHLOOYEpe-
BVHHOTIO BBEAEHHS NabopaTopHM MULLIAM — AUCTPOIYHI
3MiHW renaToLuTiB, HEKPO3 MapeHXiMM NeYiHKK, a 3anasbHi
peakLii BUSIBNATL pigLue.
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4. CEM i meTop enemeHTHOI KapTorpadii TutaHy
nigTBEPAMB HAABHICTb HAaHOYacCTUHOK TiO, Ta ixHix
arnoMepariB y TKaHWHI NeYiHky Npu BBEAEHHI HaHO-
nopotuky TiO,.

MepcnekTBM noganbLWMX AOCHiMKeHb. Pe3ynsra-
TV eKkcrepuMeHTanbHIX JocnimpkeHb OyayTe BpaxoBaHi
Mif Yac 06r'pyHTYBaHHSI PaHUYHO [OMYCTUMOrO BMICTY
HaHonopolwkis TiO, Ta TiO,-Ag y nosiTpi po60o40i 30HN
nignprveMCTB 3 iX OfepXKaHHS Ta 3aCTOCYBaHHS.

Moaska

BWCAOBAOEMO BASIUHICTb 33 AOMOMOTY Y BUKOHAHHI CKaHyBaAbHOI
€NEKTPOHHOI MiKpOCKonii 3aBiayBady Aabopatopii eAeKTPOHHOT
mikpockonii Ne 43 IHcTuTyTy MeTanodiaukm imeHi I. B. KypatomoBa
HAH Ykpainn M. A. CKopuky.
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Pelvic congestion syndrome is a form of varicose disease, which is considered to be one of the main causes of chronic pelvic
pain in women, which is associated with a violation of pelvic veins hemodynamics.

Pelvic venous disorders are invisible to clinicians due to the lack of pathognomonic symptoms and manual disease criteria,
but it has significant consequences.

Today, one of the main diagnostic methods of pelvic venous disorders is a transvaginal US of pelvic veins, including gonadal
veins (ovarian veins in women). Thanks to this non-invasive and simple diagnostic method that does not require specific
preparation and has no contraindications, we have significant opportunities in diagnosis, as well as in the further evaluation
of the postoperative results of surgical correction of pelvic congestion syndrome.

The aim of the study was to analyze changes of pelvic veins in patients with pelvic congestion syndrome before and after
surgical intervention using the transvaginal US method.

Materials and methods. The study included 35 patients which underwent surgical treatment using open surgery and endovas-
cular procedure between April 2019 and February 2022 with pelvic congestion syndrome. All patients underwent transvaginal
ultrasound of the pelvic veins before surgery. A control examination was performed after surgical treatment in 4-6 months.
The examination was performed on an expert-class ultrasound system “Toshiba Aplio 500” using all international standards
for transvaginal examination of pelvic veins to evaluate the changes of illiac, paraovarian, parametrial and ovarian veins from
the left side and from the right side in patients with pelvic venous disorders.

Conclusions. Transvaginal ultrasound of the pelvic veins can be considered one of the key diagnostic methods, with the help
of which it is possible to investigate and evaluate hemodynamic disorders in the veins of the pelvis and pelvic organs in real
time. Also, this method can be considered optimal for the control examination of patients who underwent surgical correction
of pelvic congestion syndrome.

AuHaMiKa 3MiH npu YyALTPA3BYKOBOMY AOCAIAXKEHHI BEH Ta3a B NaLi€HTIB
nicaa xipypriuHoi KopekLuii CUHApOMY Ta30BOr0 BEHO3HOI0 NOBHOKPOB'SA

b. C. laBpuaeHko, A. 0. HUKoHeHko

CvHOpOM Ta30BOro BEHO3HOIO NMOBHOKPOB'S — hopMa BapuKO3HOI XBOPOOW, Siky BBaXatoTb OAHIEI0 3 OCHOBHUX NMPUYMH XPO-
HiYHOrO Ta30BOro 6O B XKiHOK, LLO MOB’'S3aHO 3 MOPYLUEHHSIM reMOAVHaMIKW BEH Ta3a.

Ta30Bi BEHO3HI NOPYLUEHHS € HEBMAMMOLO AMNS KMIHILMCTIB NaTONOrieto Yepes BiACyTHICTb NaTOrHOMOHIYHKX CUMNTOMIB, Ma-
HyanbHWX KpUTEpIiB 3aXBOPIOBAHHA Ta Mae CKnagHi Hacniaku.

HWHi 0guH 3 OCHOBHMX METOAIB AiarHOCTMKM LiEl naTonorii — TpaHCBariHanbHe JOCHIMKEeHHs BeH Ta3a, 30KpeMa roHagHuUX
BEH (0BapianbHi BEHW Y XiHOK). 3aBAsKW LibOMY HeiHBa3VBHOMY Ta [JOBOITi MPOCTOMY METOAY AiarHOCTUKY, WO He noTpebye
cnewianbHoi NiAroTOBKYM Ta He Mae NPOTUMNOKa3aHb, ICTOTHO PO3LLMPUIIMCS MOXIIMBOCTI 4iarHOCTUKM 1 HACTYMHOTO OLiHIOBAHHS
nicnsionepavinHnx pesynsTaTiB KOpPeKLii Ta30BOro BEHO3HOTO NOBHOKPOB'S.

MeTta po60TK — OLHWTK 3MiHW B Ta30BUX BEHaX y NaLJEHTIB i3 CUHAPOMOM Ta30BOTO BEHO3HOMO MOBHOKPOB'S [0 Ta Micns
XipypriYHoro nikyBaHHs 3a ONOMOTOK METOLY TPaHCBariHaNbHOTO YLTPa3ByKOBOMO AOCTILKEHHS.

Matepianu Ta metogm. Y pgocnimkeHHs 3anyunnm 35 nauieHToK i3 CYHAPOMOM Ta30BOTO BEHO3HOTO MOBHOKPOB'S, KOTPi
nepebyBanu Ha nikyBaHHi B nepiog 3 kaiTHs 2019 poky fo ntotoro 2022 poky. XBOPUM 3LiACHUNM XipypriYHy KOpEKLito Bigkpy-
TWUM Ta €HO0BACKYNSAPHAM METOAAMM. YCiM naLieHTkam 4o onepauii BUkoHanu TpaHcaariHansHe Y3[] BeH Tasa. KoHTponbHe
JOCNIMKEHHS 3hiNCHUNM Nicns XipypriYHOro nikyBaHHs Yepe3 4—-6 MmicauiB. [OCNigKeHHS BUKOHANM Ha ynbTpasByKOBIN
cuctemi ekcrieptHoro knacy «Toshiba Aplio 500» i3 4OTPUMaHHAM YCiX MiXXHapOAHUX CTaHAAPTIB LOAO TPaHCBariHanbHOMo
[OCnimKeHHS BeH Tasa [ns OLiHIOBaHHS CTaHy kiy6oBuMX, napaoBapianbHuX, NapameTparnbHuX Ta oBapianbHux BeH 3 060x
6okiB.

BucHoBku. TpaHceariHanbHe Y3[ BeH Taza MOXHa BBaXXaTu OQHUM i3 KITHOYOBUX METOAIB AiarHOCTUKK, 32 JONOMOTO0 SKOro
B PEXMMIi peanbHOro Yacy MoxHa JOCNANTY N OLIHUTM reMoAMHaMIYHI MOPYLUEHHS! Y BEHaX Tasa M TasoBwx opraHis. Lien
METO/, MOXHA BBaXaTy ONTUMarbHWAM i ANst KOHTPOMBHOMO OBGCTEXEHHS NALlIEHTIB, KOTPUM 3MIMCHUIM XipyPrivHY KOPEKLiito
CVHAPOMY Ta30BOTO BEHO3HOMO MOBHOKPOB'Si.
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Pelvic congestion syndrome is a form of varicose disease,
which is considered to be one of the main causes of
chronic pelvic pain in women, which is associated with a
violation of pelvic veins hemodynamics.

Pelvic congestion syndrome (PCS) is one of the exist-
ing causes of chronic pelvic pain (CPP) in women, which
consists of dilation and stasis of the pelvic venous plexus.
CPP is defined as a noncyclical pain in the hypogastric,
lumbosacral, or perineal area, which lasts 6 months or
longer. Itis quite an important health problem that causes
up to 40% of referrals for gynecology units [1,2].

The common causes of chronic pelvic pain include
ovarian varicoceles, endometriosis, pelvic adhesions,
atypical menstrual pain, urologic disorders, irritable bowel
syndrome, and psychosocial issues. Pelvic varicoceles
are found in approximately half of the women with chronic
pelvic pain [3].

Currently, the diagnosis of PCS remains a challenge,
given that there are not universally accepted criteria for
enlarged pelvic venous vessels. In recent years, the
Symptoms — Varices — Pathology (SVP) classification
has been published for pelvic venous disorders, en-
compassing three domains: symptoms, varices, and
pathophysiology, while also including the anatomy of
abdominal and pelvic veins associated with hemodynamic
anomalies and etiology. This instrument, once validated,
could help to obtain homogeneous study groups with
unified diagnostic criteria [4].

In comparison with other techniques, transvaginal
ultrasound (US) is an easily accessible, nonionizing, and
minimally invasive technique. It allows for the measu-
rement of pelvic veins and blood flow identification in
real time [5].

Aim
The aim of the study was to analyze changes of pelvic
veins in patients with pelvic congestion syndrome before

and after surgical intervention using the transvaginal US
method.

Materials and methods

The study included 35 patients which underwent surgical
treatment using open surgery and endovascular proce-
dure between April 2019 and February 2022 with pelvic
congestion syndrome.

Inclusion criteria: female, age 18 years or more,
symptomatic pelvic venous disorders, and chronic pelvic
pain more than 6 month, indications for surgical correc-
tion, no significant comorbidities or contraindications for
surgery intervention.

Exclusion criteria: male, age under 18 years, asymp-
tomatic pelvic venous disorders, significant comorbide
pathology, active oncopathology, contraindications for
surgical intervention.

All patients are women. The mean age of the patients
was 43.5 + 9.0 years (from 27 to 55 years). The body
mass index (BMI) was 20.0 = 3.1. Pain manifestations
before surgery according to the visual analogue scale
(VAS) were 5 (from 4 to 8) points. The pain syndrome
had the following manifestations: abdominal pain was

Maronoris. Tom 20, Ne 2(58), TpaBeHb — cepneHb 2023 p.

OpwuriHaAbHI AOCAIAKEHHSA

in 60 %, lumbar pain was in 18 %, pain in the left upper
quadrant —40 %, pain in the left flank — 25 %, pelvic pain
was observed in almost all patients and was 80%, which
usually increased after physical activity (Table 1).

To confirm the diagnosis of pelvic congestion syn-
drome, all patients underwent a standard diagnostic
algorithm: multispiral computer tomography (Toshiba
Activion TSX-031A), transabdominal ultrasound of the
pelvic and retroperitoneal veins (General Electric VIVID
7). All patients underwent transvaginal ultrasound of the
pelvic veins before surgery. A control examination was
performed after surgical treatment in 4-6 months.

The examination was performed on an expert-class
ultrasound system “Toshiba Aplio 500” using all interna-
tional standards for transvaginal examination of pelvic
veins to evaluate the changes of illiac, paraovarian,
parametrial and ovarian veins from the left and from the
right in patients with pelvic venous disorders.

Patients were placed in the gynecological position
right after urinating in order to perform the assessment
with an empty bladder, as is usual procedure for gyneco-
logical ultrasonography assessment [6].

Pain was subjectively assessed based on a visual
analog scale (VAS) before surgical treatment and in 4-6
month after the intervention.

All 35 patients (100 %) underwent surgical treatment:
ligation of left ovarian vein using open access in 17
(49 %) cases, endovascular embolization of left ovarian
vein combined with sclerotherapy of pelvic veins in 18
(51 %) cases.

Results

The diagnosis of pelvic congestion syndrome was made
on the basis of clinical features and findings on compu-
ter tomography angiography. With transvaginal US we
examined all patients who underwent surgical treatment
and were clinically suspected with diagnosis of pelvic
congestion syndrome on the basis of complains and
physical examination. All patients had a history of chronic
pelvic pain for more than 6 months.

The diagnosis of pelvic congestion syndrome was
confirmed in all patients (100 %) during examination with
transvaginal ultrasound. Performing transvaginal US, we
evaluated such parameters as: the diameter of the iliac
veins, the diameter of the veins of the paraovarian plexus,
the diameter of the veins of the parametric plexus, as well
as the diameter of the ovarian veins. Also, we evaluated
flow direction (reflux) of the following veins with color
Doppler sonography.

We used diagnostic measurements of pelvic veins
which were dilatated and varicose changed more than 5-6
mm in diameter around the ovary and uterus (Table 2).

The diameter of the iliac veins on the right was
11.3 £ 1.6 mm, on the left — 11.4 + 1.6 mm, the diameter
of the paraovarian veins on the right was 5.9 + 1.6 mm,
on the left— 7.6 + 1.6 mm. The diameter of the parame-
trial veins was 5.4 + 1.6 mm on the right, 7.0 £ 1.8 mm
on the left. The diameter of the right ovarian vein was
5.9 + 1.6 mm, the diameter of the left ovarian vein was
8.4 + 1.8 mm with significant reflux in all cases (100 %).
After performing a diagnostic protocol which include CT,
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Table 1. VAS specification

L T N

Abdominal pain

Upper left quadrant pain

Lumbar pain
Pelvic pain

40 5 0 6
18 5 2 8
80 5 0 7

Table 2. Veins measurements (before surgery)

Parameter | Right,mm_| Reflux__| Lot mm_[Reflux _

lliac veins
Paraovarian plexus
Parametral plexus
Gonadal veins

1.3+16 - 1.4+16 +
59+16 + 76+16 +
54+16 + 7018 +
59+1.6 + 84+18 +

Table 3. Veins measurements (after surgery)

Parneter_ Right e Retus__ Lot mm_[Refux__

lliac veins
Paraovarian plexus
Parametral plexus
Gonadal veins

11.1+16 - 114110

52+1.2 - 57+14 -
54+13 - 46+1.8 -
56+1.0 - Not visualized -

Table 4. Comparison of vein sizes (before and after surgery)

Parameter Before intervention After intervention
Right, mm | Left, mm Right, mm | Left, mm

Paraovarian plexus
Parametral plexus
Ovarian veins

59+£16 76+16 52£12 57+14 <0.05
54+16 70£18 54£13 4618 <0.05
59+16 84118 56£1.0 Not visualized ~ <0.05

Table 5. Comparation of vein sizes in 2 groups (open and endovascular surgery)

Parameter

Paraovarian plexus
Parametral plexus
Gonadal veins

Open surgery Endovascular surgery
Right,mm __[Left,mm | Right,mm _|Left, mm _

5.25+1.17 5.75+ 1.40 5.05 + 0.86 5.80 £+ 0.84
540 +1.03 4.63+1.84 4.94 +1.08 4.89+1.20
5.68 £ 1.06 Not visualized  6.03 £ 0.91 Not visualized

transabdominal and transvaginal ultrasound, all patients
(n = 35) underwent surgery intervention.

49 % (n = 17) patients underwent open surgical
treatment in the volume of the ligation of the left ovarian
vein combined with sclerotherapy of pelvic veins. We
used an oblique-transverse retroperitoneal approach
on the left side of the abdomen after which the lower
third of ovarian vein was dissected in order to ligate
all its inflows to avoid recurrence of the disease. After
that we performed ligation of the ovarian vein with 2
ligatures — proximal and distal using a Prolene 5/0. A
3 % — 2 ml solution of ethoxysclerol was injected into
the distal end of the vein which was prepared according
to the standard method.

51 % (n = 18) of the patients underwent endovascular
procedure for correction of pelvic congestive syndrome.
We performed the intervention via right common femoral
vein under local anesthesia, with using a 5-Fr introducer.
Catheterization of the left ovarian vein was accomplished
with a 5-Fr Cobra catheter (Terumo Europe). After cath-
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eterization of left renal vein retrograde venography was
performed using Valsalva’s maneuver. We used embo-
lization coils (Tornado type in 11 cases, Nestor type in 7
cases) and installed them at the lower third of the ovarian
vein. After performing control venography we injected
3 % — 2 ml solution of ethoxysclerol during Valsalva’s
maneuver. At the end of the procedure a control veno-
graphy is necessary.

Afollow-up examination of all patients was performed
in 4-6 months after the intervention, including CT and
transvaginal US of the pelvic veins. The following results
were obtained during transvaginal sonography of the
pelvic and ovarian veins (Table 3).

The diameter of the right illiac veinwas 11.1 £ 1.6 mm,
on the left—11.4 £ 1.0 mm. The diameter of the paraova-
rian veins on the right was 5.2 + 1.2 mm; on the left —
5.7 £ 1.4 mm. The diameter of the parametrial veins on
the right was 5.4 £ 1.3 mm; on the left—4.6 £ 1.8 mm. The
diameter of the right ovarian vein was 5.6 £ 1.0 mm; the
left ovarian vein was not visualized due to its obliteration.
Reflux through the veins of the pelvis was not defined in
all patients after the intervention.

Comparing the size of the veins (paraovarian, pa-
rametral, ovarian veins) before and after the surgical
intervention, we obtained a statistically significant result,
which is shown below (Table 4).

All patients (n = 35) were interviewed according to the
VAS in the postoperative period. All patients were given
a choice on a scale from 0 to 10 (where 0 — pain was
absent, 10 — intolerable pain, which was relieved only by
analgesics). VAS was 1 point average (from 0 points to 2
points) in 4-6 months after surgical treatment.

We also compared the results of transvaginal ultra-
sound in different groups: group 1 — patients who under-
went open surgical treatment (ligation of the left ovarian
vein), group 2 — endovascular embolization. In both
groups, pelvic vein sclerotherapy was performed. It can
be noted that in the early postoperative period in patients
after open surgical treatment, a higher pain syndrome
was observed, which was decreased by small doses of
analgesics, which was associated with an external incision
of the skin (5-7 cm). Also, one of the advantages of endo-
vascular treatment was local anesthesia (2 % solution of
lidocaine), despite the fact that open correction requires
general anesthesia with mechanical ventilation, as well
as a longer hospitalization at the surgical department. But
our study showed that in the long-term follow-up period,
there was no difference in the advantages of one or the
other method of surgical treatment (Table 5).

Discussion

The causes of ovarian varicoceles are probably multifac-
torial, involving both mechanical and hormonal factors.
During pregnancy, the vascular capacity of the ovarian
veins may increase up to 60 times the normal value and
remain this way for months after delivery [7]. Although
an association between pelvic congestion syndrome and
pelvic varicosities has been known for many years, uncer-
tainty regarding its cause results in different therapeutic
approaches, producing variable results. Longterm clinical
studies revealed that coil embolization of patients with
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pelvic congestion syndrome had provided symptomatic
relief in 68—74 % of patients [8,9].

However, the proper diagnosis is often missed be-
cause women lie down for a pelvic examination. In this
position, the ovarian veins will not fill enough with blood
to reveal the vascular changes. It should be remembered
that a standard transvaginal US will not reveal vascular
changes and is reliable only when duplex Doppler mo-
dality is implemented [10].

Also, to confirm the diagnosis of pelvic venous disor-
ders, diagnostic laparoscopy is often used. Laparoscopy
is the most used diagnostic technique in women with
chronic pelvic pain. This direct visualization is an excel-
lent tool to exclude other pelvic pathologic conditions
such as extragenital endometriosis. It is, however, not
useful for varicose vein diagnosis because it requires
women to lie down for the procedure and involves in-
sufflations of carbon dioxide that conceals pathological
vessels and, as a rule, has unsatisfactory results [10].
Based on our experience, we also believe that laparos-
copy cannot be considered the golden diagnostic method
due to the reasons described above. Also, diagnostic
laparoscopy is a serious invasive intervention that can
be avoided using the diagnostic algorithm, including CT
and transvaginal US.

Transvaginal US may be the preferred first-line test to
investigate for other pathologies with a high probability of
visualizing the peri-uterine veins [11]. Whiteley M. S. et al.
evaluated the use of transvaginal US in the diagnosis of
pelvic congestion syndrome and proposed this to be the
new gold standard, however this diagnostic imaging mo-
dality is limited by the inability to demonstrate the course
of the ovarian veins and potential higher obstructions that
may include the Nutcracker phenomenon or May-Thurner
syndrome [12].

Itis also noninvasive, widely available, cost-effective,
and lacks the radiation or the use of contrast as compared
to other imaging modalities. The greatest benefit of this
modality is the dynamic feature where patients are able
to change position, as well, as perform the Valsalva
maneuver [11].

The current literature is lacking any prospective, ran-
domized controlled trials addressing the optimal imaging
diagnostic modality for pelvic congestion syndrome. There
are many case reports and small case series that utilize
various imaging modalities including ultrasound [11].

More recently, authors suggested that transvaginal
US could replace venography as the criterion standard
screening imaging method [13,14]. Unlike CT and MR,
ultrasound may be performed in a semiupright position
and with provocative maneuvers (Valsalva maneuver) to
best simulate anatomic conditions and accentuate venous
reflux for visualization [15].

Conclusions

1. Transvaginal US examination of the pelvic veins
is one of the key methods in the diagnosis of pelvic con-
gestion syndrome.

2. Transvaginal US is noninvasive, cost-effective,
widely available diagnostic method which can be
performed in a semiupright position with provocative
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maneuvers and position changes with all benefits of
position changes.

3. Transvaginal US of the pelvic veins must be com-
bined with other diagnostic methods such as CT and
ultrasound of the retroperitoneal veins to determine the
cause of the pelvic varicosities, which allow to plan the
correct treatment tactic and surgical intervention.

4. Transvaginal US of the pelvic veins can be con-
sidered the optimal method in patients for follow-up
examination after surgery intervention in 4-6 months.

5. Transvaginal US in our study in patients after sur-
gical treatment shows a regression of the manifestations
of varicose veins, as well as the presence of caudal blood
flow through the venous plexuses of the pelvis.
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Morphologic characteristic of rat myocardium
in comorbid pathology
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Diabetic cardiomyopathy is a serious complication of diabetes mellitus (DM).

Aim. Therefore, we aimed to study myocardial changes in adult rats with streptozotocin (STZ)-induced DM exposed to chronic
immobilization stress (CIS).

Materials and methods. A total of 26 adult albino male rats weighing 180-200 g were examined. All the animals were divided
into three groups: Group | included 10 rats with STZ-induced DM exposed to CIS; Group Il comprised 10 rats with STZ-induced
DM; Group Il included 6 intact animals. The samples were collected on the 14 and 56" days of the experiment. Histological,
histochemical, electron microscopy, and biochemical methods were used.

Results. On the 14" day of the experiment, in Group | and Group II, increased blood flow was observed in the capillaries,
venules, and veins, while an arteriolar spasm in the microcirculation was found. In addition, cardiomyocyte surface area in
different myocardial regions reduced due to low glycogen content as confirmed by histochemical and ultrastructural studies.

On the 56™ day of the experiment, in Group | and Group II, hyperemia occurred due to red blood cell aggregation and mi-
crothrombi. The surface area of all microcirculatory vessels increased as compared to that of intact animals, as evidenced
by an increase in their wall surface area leading to an increase in their wall-to-lumen ratio. Such morphometric changes in
the microcirculatory vessels were indicative of decreased vascular permeability and impaired myocardial blood flow. At the
histological level, in Group | and Group Il, focal cardiomyocyte lysis, moderate to diffuse stromal edema, lymphohistiocytic
infiltration were seen. Such changes pointed to sterile inflammation, probably due to myocardial infraction secondary to diabetic
microangiopathy. In cardiomyocytes, karyolysis, vacuolar degeneration, apical ballooning, subsarcolemmic edema, fibrosis
and lysis of myofibrils, colliquative necrosis were observed.

Conclusions. STZ-induced DM and stress resulted in pronounced destructive changes in the myocardium of rats, including
interstitial edema, focal cardiosclerosis, myolysis. Such changes occurred on the background developing diabetic microangio-
pathy. The most pronounced myocardial changes were recorded in animals with a comorbidity.

MopdonoriuHa xapaKTepucTUKa MioKapAa LuypiB 3a yMoB komop6iaHoi naTonorii

B. M. Bacuntok, B. C. Xabuyk, A. fl. MaBask, 0. fl. XKypakiBcbka, A. b. peunH
Barome micue cepep ycknagHeHb Lykposoro giabety (L) nocinae aiabetnyHa kapgiomionaris.

MeTa po6oTu — focniguTi 3miHM Miokapaa cTateBo3pinux Luypis npu ctpentosotouuHosomy LI (CLL) 3a yMOB XpOHiHHOMO
immobinisaviiHoro ctpecy (XIC).

Marepianu Ta metoau. [Ans gocnimxeHHs BUKopucTaHo 26 ctateBo3pinux Binux wypie-camuis (macoro 180-200 r), sikux
noginuaun Ha 3 rpynu: nepLua — TBApUHU 3 ekcreprmeHTansHo komopbiaHoto natonorieto (10 wypis) — CLA i XIC; opyra — 3
CLA (10 wypiB); TpeTsa — iHTakTHa (6 LLypiB, SKUM HE pobunu xogHux MaHinynsuiin). Matepian 3abupanu Ha 14 i 56 pobu
eKCcrepuMeHTy. Bukopuctanu ricTonoriyHni, ricToXiMiYHUIA, enekTPOHHOMIKPOCKOMIYHMIA i BioXiMIYHI METOAM OOCNImKEHHS.

Pesyniratu. Ha 14 no6y ekcnepuMeHTy B 11 2 rpynax BUsIBUIY MOBHOKPOB'S Kaninspis, BEHyI i BeH, a B MPUHOCHIN NaHLi
reMOMIKPOLIMPKYNATOPHOMO pycrna BU3Hauyunu cnasm aptepion. Kpim TOro, BCTAHOBUMW 3MEHLUEHHS MIIOLL KaphiomiouunTis
Pi3HMX AiNSIHOK MioKapAa BHACNIZOK 3MEHLUEHHS B HUX BMICTY TMiKOreHy, Lo NiATBEPMKYETHCS NCTOXIMIYHUMM N yNBTPaCTPyK-
TYPHUMM JOCTIIKEHHAMM.

Ha 56 noby ekcnepumeHTy B 1 i 2 rpynax BASIBUIM NOBHOKPOB'S B YCiX MIiKpOreMOCyAvHaX BHACMiZOK NEPEnOBHEHHS iX epu-
TPOLMTapHUMKM cramxamu, MikpoTpombamu. MnoLya ycix CyauH reMOMIKpOLMPKYMSITOPHOTO pycna 36inbLunnacs nopiBHsHO
3 iHTAKTHUMM MOKa3HWUKaMU BHACMIAOK 30inbLUEeHHS MO IXHbOT CTIHKM, L0 CMPUYMHSE NiABULLEHHS iHAekcy BoreHBopTa.
Taka MmopcbomeTpuyHa nepebynoBa MiKpOreMOCYANH CBiAYUTb NP0 3MEHLLEHHS IXHbOT NPOMYCKHOI 30aTHOCTI Ta NOPYLUEHHS!
KpoBOMOCTa4aHHs Miokapgda. B 1 2 rpynax TBapvH Ha ricTOMOMYHOMY PiBHi BU3HAYWMIN BOTHULLEBWIA Ni3UC Kap4iOMIOLMTIB,
Habpsik CTPOMK BiZ NOMIPHOro A0 AndY3HOrO 3 SBULLAMY ricTonekoLmTapHoi iHdinsTpadii. Taki 3MiHM BkasytoTb Ha acenTuyHe
3ananeHHs, ke Moxe 6yTi Hacnigkom iHapKTy Miokapaa, 3yMOBMNEHOTO PO3BUTKOM AiabeTyHOI MikpoaHrionarii. Y kapgio-
MioLmMTax BU3HAYMNM Kapionianc, sBuLLa BakyorbHOT Ta 6anoHHoi AncTpodii, nigcapkonemarbHuii HABPSIK, PO3BOIIOKHEHHS!
Ta nisvc miocpibpun, KonikBawiiHUIA HEKPO3.

BucHoBku. CTpenTo30TOLMHOBWIA LIyKPOBUIA AiabeT i CTpec Npu3BoasTb [0 BUPAKEHNX AECTPYKTUBHUX 3MiH Y MiOKapAi LLypiB:
iHTEPCTULINHOMO HabpsIKy, NOOAMHOKMX APIOHMX BOTHULL Kapaiocknepoay, Mioniay. Taki 3MiHW BiabyBatoTbCs Ha Tri PO3BUTKY
niabeTnyHoi MikpoaHrionatii. HanbinbLu BrpaxeHi 3aMiHW B Miokapgi 3adikcyBanu y TBapuH i3 KoMopbigHO naTororieto.
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On February 24, 2022, Russia launched a full-scale in-
vasion of Ukraine. Constant shelling of the entire territory
of our country and the occupation of parts of the regions
have led to the majority of the population living under
prolonged stress. No person can live with long-term stress
as it subtly undermines their health and contributes to
the development of chronic pathological conditions, in-
cluding diabetes mellitus (DM) which has a considerable
socioeconomic impact due to its complications. Diabetic
cardiomyopathy is a serious DM complication which is
often asymptomatic [1,2,3].

The risk of myocardial infarction and death is twice
as high in DM patients. DM increases the absolute risk
of coronary death by 2.5 times in men and 4.7 in women
[4,5]. The high rate of atypical and painless presentation
of chronic coronary artery disease and myocardial infarc-
tion poses a high risk of “sudden death”. Approximately
one-third of patients hospitalized due to heart failure
have DM [6].

Aim
Therefore, we aimed to study myocardial changes in adult

rats with streptozotocin (STZ)-induced DM exposed to
chronic immobilization stress (CIS).

Materials and methods

A total of 26 adult albino male rats weighing 180-200 g
were examined. All the animals were divided into three
groups: Group | included 10 rats with STZ-induced
DM exposed to CIS; Group Il comprised 10 rats with
STZ-induced DM; Group Il included 6 intact animals.
STZ-induced DM was modeled by a single intraperitoneal
injection of STZ (Sigma, USA) dissolved in 0.1 M citrate
buffer, pH 4.5 (6 mg per 100 g body weight). Animals
were exposed to CIS by placing them in a closed plastic
container for five hours a day (Ukrainian Patent for the
Invention No. 125623). In Group |, STZ-induced DM was
modeled and on the 14" day of the experiment, animals
were exposed to CIS. The samples were collected on the
14" and 56™ days of the experiment.

To exclude the influence of circadian rhythms and
biological activity on rat metabolism, the samples were
collected prior to morning feeding. To measure fasting
blood glucose levels in standard vivarium conditions,
a droplet of blood was daily collected from the incised
tail vein of rats using a portable blood glucose meter
Accu-Chek® Active (Roche Diagnostics GmbH, Germa-
ny) with a standard set of test strips. Animal testing was
performed in the Educational and Scientific Laboratory
of Morphological Analysis, the Ivano-Frankivsk National
Medical University (IFNMU) Bioelementology Centre,
DIAMEB laboratory.

All experiments were conducted in compliance
with ethical norms and requirements of the European
Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes
(Strasbourg, 1986), EU Directive 86/609 (Council of
the European Communities, 1986), the Law of Ukraine
“On Protection of Animals from Cruel Treatment” as of
December 15, 2009, Orders of the Ministry of Health of

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

Ukraine No. 690 dated September 23, 2009, No. 616
dated August 03, 2012 (Advisory Opinion of the Ethics
Committee of IFNMU Protocol No. 111/19 dated No-
vember 19, 2019).

Immediately after animals were euthanized and
blood samples were collected into tubes at the IFNMU
Bioelementology Centre, glucose concentration was
measured by the glucose oxidase method with a stan-
dard “Glucose-FKD” (Ukraine) reagent kit. Blood glycated
hemoglobin (HbA1c) and cortisol levels were determined
at the certified laboratory DIAMEB.

Histological (hematoxylin and eosin staining), his-
tochemical (glycogen determination by the Shabadash
method), electron microscopy, biochemical, and statistical
methods were used. Cutting speed and feed rate were
followed when collecting the samples of the ventricular
myocardium for generally accepted electron microscopy
[71.

For morphometric studies, the histological sections
were observed under a Leica DM750 light microscope,
then images of histological sections were recorded using
adigital CCD camera with a resolution of 1200x1600 and
saved as TIF files. Morphometric analysis was performed
using ImagedJ version 1.47t. The results obtained were
statistically processed using the statistical package Sta-
tistica (StatSoft, Inc. (2011) STATISTICA (Data Analysis
Software System), Version 10). Table variables are pre-
sented as M — sample mean, SD — standard deviation,
n —sample size (the number of individuals within a group),
p - the statistically significant level.

Results

On the 14" day of the experiment, blood glucose and
HbA1c levels were the highestin Group | as compared to
intact animals: Group | — 15.21 £ 1.33 mmol/l (p < 0.001)
and 7.78 £ 0.58 % (p < 0.01), respectively: Group Il
—13.72 £ 1.53 mmol/l (p < 0.001) and 6.08 + 0.45 %
(p<0.01), respectively; Group lll —4.85 + 0.63 mmol/l and
1.78 + 0.18 %, respectively. Such biochemical changes
in Group | and Group Il were indicative of developing
decompensated STZ-induced DM. Blood cortisol levels
were significantly higher in the experimental groups as
compared to intact animals: Group | -32.17 +2.14 ng/ml;
Group I1-18.29 £ 2.27 ng/ml (in all cases p < 0.05); Group
lII-10.06 £ 0.98 ng/ml.

Histological specimens obtained from intact animals
clearly showed three layers of the ventricular myocardi-
um (Fig. 1a). Most myocardial cardiomyocytes appeared
oval and contained moderate amounts of glycogen
granules (Fig. 1b). The myocardium was well vascu-
larized, with the sinusoids facilitating efficient venous
drainage (Fig. 1a).

On the 14" day of the experiment, in Group | and
Group Il, increased blood flow was observed in the ca-
pillaries, venules, and veins (Fig. 1c), while most afferent
microcirculatory vessels appeared with slit-like lumen
due to their spasm (Fig. 1d). In Group | and Group Il, the
caliber of arterioles reduced significantly to 234.12 + 20.31
pm? and 241.48 + 189.12 ym?, respectively (intact ani-
mals — 269.35 + 18.34 ym?, p < 0.05) due to narrowing
of their lumen to 46.58 + 7.26 ym? and 56.35 + 7.89 um?,
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respectively (intact animals —83.34 +7.35 ym?, p <0.05).
Such morphometric changes in arterioles caused a
drastic reduction in their permeability, as evidenced by a
significant increase in their wall-to-lumen ratio (WLR) to
402.62 + 39.15 % and 328.53 + 27.64 % in Group | and
Group I respectively (p < 0.05), as compared to intact
animals — 223.19 £ 21.04 %.

Morphometric analysis revealed a significant reduc-
tion in the surface area of ventricular cardiomyocytes
in the early stages of modeling STZ-induced DM and
CIS (Table 1). The surface area of cardiomyocyte nuclei
remained unchanged and their nuclear-cytoplasmic ratio
(N:C ratio) increased (Table 1).

At the ultrastructural level, in the lumen of the mi-
crocirculatory vessels, RBC aggregation was detected.
Cardiomyocytes underwent cell shrinkage and nuclear
fragmentation. The highest degree of variability was
observed in the mitochondria: from disorganization and
destruction of mitochondrial cristae to mitochondrial
swelling and inner mitochondrial membrane damage
(Fig. 2a, b). Focal destruction of the intercalated discs
was observed (Fig. 2b). Segmental contractions were
occasionally found in the myofibrils of ventricular cardio-
myocytes. The above-described changes in cardiomyo-
cytes were equally detected in both Group | and Group II.
In cardiomyocytes of Group |, however, distinct clusters
of large, electron-dense mitochondria with disorganized
and partially destructed cristae were seen underneath the
sarcolemma and close to the nucleus.

On the 56" day of the experiment, blood glucose and
HbA1c levels were the highestin Group | as compared to
intact animals: Group 1 -20.61 £ 3.23 mmol/l (p < 0.001)
and 9.25 £ 0.72 % (p < 0.01), respectively; Group I
—18.55 £ 2.13 mmol/l (p < 0.001) and 8.34 + 0.48 %
(p < 0.01), respectively; Group Ill — 4.58 + 0.56 mmol/l
and 2.89 = 0.17 %, respectively. Such biochemical
changes in Group | and Group Il were indicative of
developing decompensated STZ-induced DM. Blood
cortisol levels were significantly higher in the experi-
mental groups as compared to intact animals: Group
| = 14.17 £ 2.14 ng/ml; Group Il — 17.58 = 2.15 ng/ml;
Group Il = 10.06 + 0.98 ng/ml; however, in both expe-
rimental groups, blood cortisol concentration decreased
significantly as compared to the previous observation
period (in all cases p < 0.05).

At the histological level, in Group | and Group II,
cardiomyocyte lysis, moderate to diffuse stromal ede-
ma, lymphohistiocytic infiltration were occasionally seen
(Fig. 1e—f), being more pronounced in animals of Group
| (Fig. 1e). Such changes pointed to sterile inflammation
due to myocardial infarction secondary to diabetic micro-
angiopathy. Pronounced hyperemia was found; cardio-
sclerosis, however, was rarely seen (Fig. 1g). PAS staining
showed low quantities of glycogen granules or their
absence in the cytoplasm of cardiomyocytes (Fig. 1h).
Cardiomyocytes were found to show vacuolar degene-
ration and apical ballooning (Fig. 1h). The surface area
of cardiomyocytes and their nuclei reduced significantly
as compared to the values of intact animals and those
from the previous observation period, thereby indicating
cell atrophy. On the 56™ day of the experiment, in Group |
and Group II, hyperemia occurred due to RBC aggregation
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Table 1. Morphometric analysis of cardiomyocytes in rats with streptozotocin-induced
diabetes mellitus exposed to chronic immobilization stress (M £ m)

Myo- Morphometric indicators of cardiomyocytes

6.43+0.15
7.68 £0.23"
6.37 £0.14*
7.32+£0.19
5.61+0.14
6.43+0.13

6.36 £0.15
7.75+0.12
6.46 £0.14
7.89+0.17°
5.56+£0.18

carfiial Cardiomyocyte Nucleus N:C ratio, %
14* day
Group | LV 309.73 + 19.46* 19.92+1.19
RV 231.54 £ 14.73* 17.78 £0.92
Group Il LV 312.49 £ 19.81* 19.92+£1.19
RV 242.93 +18.70* 17.78 £ 0.92
Group Ill LV 349.26 + 21.85 19.61 £1.72
RV 271.69 + 19.48 17.47 £ 0.53
56" day
Group | Lv 259.73 + 20.46*# 16.53 + 1.24*#
RV 201.54 + 16.73*% 15.63 + 1.25"%
Group Il LV 278.31 +19.13* 17.98 + 1.86**
RV 219.61 + 20.34** 16.93 + 0.53*
Group Ill LV 354.28 + 19.26 19.65 + 1.04
RV 278.69 + 18.63 17.34 £ 1.59

6.22£0.19

LV: left ventricle; RV: right ventricle; *: p < 0.05 — the probability of differences as compared to the
intact group; #: p < 0.05 — the probability of differences as compared to the previous study period
within the same group; B: p < 0.05 — the probability of differences between Group | and Group Il

indicators during the same study period.

and microthrombi (Fig. 1g). In animals of Group | and
Group Il, the surface area of all microcirculatory vessels
was higher than that in intact animals, as evidenced by
an increase in the WLR of arterioles to 331.32 + 29.56 %
and 312.56 + 24.83 %, respectively (intact animals —
223.19 £ 15.63 %, p < 0.05); an increase in the WLR of
capillaries to 190.05 + 16.56 % and 161.46 + 14.72 %,
respectively (intact animals — 72.00 + 7.84 %, p < 0.05);
an increase in the WLR of venules to 165.02 + 24.33 %
and 137.07 + 17.32 % (intact animals — 62.29 £ 5.73 %,
p < 0.05). Such morphometric changes in the microcir-
culatory vessels were indicative of decreased vascular
permeability and impaired myocardial blood flow.

At the ultrastructural level, on the background of
hyperglycemia, pronounced microangiopathy was
observed, which was manifested by RBC aggregation,
microthrombi, platelet and RBC vascular adhesion,
vacuolar dystrophy of endothelial cells and myocytes
(Fig. 3a). Most capillary basement membranes showed
thickening and proliferation in the form of separate layers,
thereby indicating DM (Fig. 3b). Severe microangiopathy
led to pronounced hypoxic changes in the myocardium. In
cardiomyocytes, karyolysis, vacuolar degeneration, apical
ballooning, subsarcolemmic edema, fibrosis and lysis of
myofibrils were observed (Fig. 3¢, d). Such changes were
most pronounced in Group |. At the same time, in the
myocardium of animals belonging to Group |, colliquative
or partial necrosis of cardiomyocytes was occasionally
seen (Fig. 3d). The death of individual cardiomyocytes
was observed, leading to the subsequent development
of cardiosclerosis (Fig. 3e). In Group II, cardiomyocytes
exhibited vacuolar degeneration and apical ballooning,
colliquative cardiomyocyte necrosis was rarely seen
(Fig. 3f). Along with cardiomyocytes with pronounced
destructive changes, preserved cells were visualized as
well; however, all cardiomyocytes underwent more or less
pronounced changes.
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Fig. 1. Myocardium of intact animals (a, b). Increased microvascular blood flow (c) and low quantities of glycogen granules (d) in the myocardium of animals belonging to Group |
on the 14" day of the experiment. Interstitial edema, lymphohistiocytic infiltration and lysis of single cardiomyocytes (e, f), red blood cell (RBC) aggregation (g), focal cardiosclerosis
(h) on the 56" day of the experiment. Hematoxylin and eosin staining (a, ¢, e, f, g), periodic acid-Schiff (PAS) staining (b, d, h). Micrographs.
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Fig. 2. Submicroscopic changes in left ventricular cardiomyocytes on the 14" day of simulating STZ-induced DM and CIS. Electron micrographs. 1: cardiomyocyte nucleus; 2: reserved
mitochondria; 3: mitochondria that underwent destructive changes; 4: lipid droplet; 5: intercalated disc.

Fig. 3. Ultrastructure changes cardiomyocytes of myocardium on the 56" day of simulating STZ-induced DM and CIS. Electron micrographs. 1: nucleus of endothelial cells; 2: RBC
aggregation; 3: thrombocytes; 4: microclasmatosis; 5: basement membranes; 6: cardiomyocyte nucleus; 7: mitochondria that underwent destructive changes; 8: lysis myofibrils.
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Discussion

In the early stages of developing comorbid pathology
and experimental DM on the background hyperglycemia
and cortisolemia, the first signs of myocardial hypoxia
due to impaired myocardial blood flow were observed.
Arteriolar spasms in the microcirculation with partial or
complete occlusion of the arteriolar lumen were first found.
Hyperglycemia, hypercortisolemia, high blood levels of
adrenocorticotropic hormone in rats with experimental
DM on the 14"-28" days of the experiment have been
described by other authors [8,9].

Impaired myocardial blood flow on the background
of the initial signs of diabetic microangiopathy results in
destructive mitochondrial changes and vacuolar degene-
ration which has been described earlier as well [10], how-
ever, for the first time ever, we have studied, described,
and compared the state of the myocardium in case of a
comorbidity. It worth noting that, during all the observa-
tion periods, changes were more pronounced in animals
of Group |. Mitochondria were the very first organelles
being damaged. In Group | and Group Il, disorganization
and destruction of the inner mitochondrial membrane
was seen. In diabetic cardiomyopathy, cardiomyocytes
undergo metabolic changes, including oxidative stress
due to increased reactive oxygen species production by
damaged mitochondria [11,12].

Sciarretta S. et al. have confirmed that stress-induced
changes in mitochondrial cytochrome ¢ oxidase can
trigger a cascade of biochemical modifications in cardio-
myocytes and lead to cardiomyocyte apoptosis [13]. In
addition, in the early stages of simulation STZ-induced
DM, cardiomyocyte surface area in different myocardial
regions reduced, while the surface area of their nuclei re-
mained almost unchanged as compared to intact animals,
thereby leading to an increase in the N:C ratio.

According to Cagalinec M. et al., the surface area of
cardiomyocytes reduced on the 7" day of STZ-induced
DM due to their shrinkage [14]. Other researchers stu-
dying the effect of experimental DM on skeletal muscles
postulate that the underlying cause is a reduction in
glycogen content [15]. We hold the viewpoint that, in the
early stages of developing STZ-induced DM, cardiomyo-
cyte surface area reduces due to a reduction in glycogen
content, as evidenced by the PAS-reaction and confirmed
at the ultrastructural level. Glycogen granules filling the
sarcoplasm between myofibrils and mitochondria in intact
animals, were rarely seen.

On the 56" day of the experiment, animals of Group
| and Group Il developed diabetic cardiomyopathy. Car-
diomyocyte atrophy, myolysis, focal cardiosclerosis as
well as interstitial and perivascular myocardial edema
were observed. Cardiomyocytes were found to show
vacuolar degeneration and apical ballooning, colliquative
necrosis. Such changes occur due to the progression of
insulin deficiency which reduces protein metabolism, pro-
vokes intracellular organelle degradation, and promotes
increased autolysis in cardiomyocytes followed by a re-
duction in the content of actin that results in cardiomyocyte
atrophy, cardiosclerosis, and dilated cardiomyopathy [2,4].

We are of the opinion that the development of diabetic
cardiomyopathy is associated with impaired glucose ab-
sorption due to insulin deficiency, impaired cardiomyocyte
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metabolism, and developing microangiopathy. The latter
progresses especially in the later stages of the experiment
and results in impaired myocardial blood flow. Elevated
cortisol levels in DM lead to the development of hyperergic
inflammation in the vascular endothelium and increase
fibrinogen synthesis [9,16,17]. The coagulation system is
activated that results in hypercoagulation. Glucocorticoids
affect collagen and mucopolysaccharide synthesis caus-
ing their excessive deposition in the vascular walls. We
can explain the observed changes in the microcirculatory
vessels by this very pathogenetic mechanism.

Conclusions

1. Experimental DM and its combination with CIS in the
early stages of the experiment (day 14) led to a reduction in
the surface area of ventricular cardiomyocytes in different
myocardial regions and vacuolar degeneration. The initial
signs of diabetic microangiopathy manifested as increased
blood flow in the venules and veins, arteriolar spasm, RBC
aggregation in the vascular lumen were found.

2. In the later stages of the experiment (day 56),
interstitial edema, focal cardiosclerosis, cardiomyocyte
lysis, vacuolar degeneration, apical ballooning, colliqua-
tive necrosis were observed in the rat myocardium. Such
changes occurred on the background of developing dia-
betic microangiopathy. The most pronounced myocardial
changes were recorded in animals with a comorbidity.

Prospects for further research. Future studies of
changes in the myocardium of the heart in experimental
diabetes mellitus and its correction of various antidiabetic
agent are promising. This will allow to create the new
pathogenetic antidiabetic treatments for the correction
of diabetic cardiomyopathies.
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MeTa po60Tu — OLjiHIOBaHHS KMiHIYHOMO 3HaYeHHs NopyLUeHHs piBHs ekcnpecii MMI-9 ta TIMI Ha Tni XpoHiYHOro 06CTpyK-
TWBHOrO 3axBoproBaHHs nereHb (XO3JT) y noegHaHHi 3 iemiyHoto xBopoboto cepus (IXC).

Marepianu Ta metoauw. MMig cnoctepexeHHsm nepedysanu 26 nauieHTis i3 XO3J1 + IXC i 22 npakTyHO 300poBi 0cobm.
CepepHin Bik nauieHTiB — 56,68 + 1,21 poky, 3-nomix obctexernx 76,92 % yonosikis. CepeaHin Bik OCib i3 rpynu KOHTPOMH —
54,37 + 1,84 poky, 72,73 % YonosikiB. O6’ekT focnimkeHHst — IXC: cTeHokapgist Hanpyru. OuiHioBany yHKLt0 30BHILLHBOTO
[VXaHHS, pesynbTaTi TecTy 6-XBUNMHHOT Xoab0u, BapiabenbHICTb CepLeBoro putMmy, koHueHTpavito MMI-9i TIMIM y cuposarui
KpOBi METOZOM TBEPAO(A3HOro iMyHO(PEPMEHTHOIO aHaniay.

PesynkraTu. AHani3s piBHS ekcnpecii npoteas Ta ixHbOro iHribiTopa cBigumMTb, WO naLieHTn 3 komopbiaHoto natonorieto IXC
Ha Tni XO3J1 manu B 8,11 pasa BuLy aktneHicte MMIM-9 (p < 0,05) woao napameTtpa NpakTUiHO 300poBuMX oci6. MokasHWkn
aktveHocTi TIMIM y nauiexTis i3 IXC Ha tni XO3J1 ctaHoBunm 1,46 + 0,03 mKr/mn; Lie CTaTUCTUYHO AOCTOBIPHO MEHLLE (Ha
53,21 %, p < 0,05) nopiBHsHO 3 AaHUMK 3a0poBuX ocib (3,12 + 0,01 mkr/mn). Y xBopux Ha IXC y noeaHarHi 3 XO3[1 sussunm
MOpPYLUEHHs! PepMEeHTaTUBHOI aKTUBHOCTI MO3aKMITUHHOTO MaTPUKCY, L0 XapaKTepu3yeTbCs CTaTUCTUYHO 3HAYYLLMM 3pOC-
TaHHSAM PiBHS eKCTPECii MaTpPUKCHUX MeTanonpoTeiHas i 3HKEHOI aKTUBHICTIO IXHBOTO TKAHUHHOTO iHribiTopa NopiBHSAHO 3
NPaKTUYHO 300pOBUMM 0cobamu. [JOCTOBIpHI kopensLiiHi 38's3kv Mix piBHem MMTI-9 i nokasHnkom OPB1 (r=-0,67, p < 0,05),
napametpom LF/HF (r = -0,74, p < 0,05) cBiguatb, Lo npu eneeaLii piHs ekcnpecii MMI-9 B13Ha4aroTb BUpasHille nopy-
LUEHHS (PYHKLIT 30BHILLHBOMO AMXaHHS Ta 3CyB CYMMaTO-NapacumnaTnyHoro 6anaHcy B HanpsiMi CUMNaTUYHOI akTuBaLli Ta
3MEHLLIEHHS BaryCHOro TOHYCYy B MOZynALii CepLeBoro putmy.

AHani3 4yacToTV BUSIBMEHHS NoKa3aB, Lo B Oci6 y BepxHboMy kBapTuni MMI-9 BiporigHo YacTille peecTpyBanu NporHoc-
TUYHO HEraTMBHI NapameTpu yHKLT 30BHILLHBOrO AUXaHHs — i30MbOBaHe 3HWKEHHs iHaekcy TudHo (X2 = 5,2, p = 0,03), a
TaKOX BMPA3HICTb 3aauLwku 26 6anis 3a Lwkanot bopra nig vac ouiHBaHHA NEPEHOCHOCTI Ii3UYHUX HaBaHTaxeHb (TECT i3
6-xBUnMHHO xoabboto; x? = 7,3, p = 0,02).

BucHoBku. Peaynbraty JocnimpkeHHs nokasanu, Wwo y xeopux Ha IXC Ha tni XOS3[1 € BupaxxeHnin npoTeoniTuiHuin aucba-
NaHC i NopyLUEHHs! (iBPOTUYHMX MPOLIECIB NOPIBHSHO 3 NPAKTUYHO 300POBUMK ocobamu. 3a pesynsTatamut KOpensLiinHOro
aHaniay, enesalujis pisHs ekcnpecii MMIM-9 y xBopux Ha IXC Ha Tni XO3J1 cynpoBompkyBanacs 6inbwmnm nopyLLeHHsM gyHKLi
30BHILLHBOTO AVXaHHSA Ta akTUBALliEt0 CUMNATUYHOI iHHepBaLyii.

Imbalance of the protease-antiprotease system against the background of chronic
obstructive pulmonary disease in combination with ischemic heart disease

0. 0. Kraidashenko

The aim of the study: to evaluate the clinical value of the violation of the expression level of MMP-9 and TIMP against the
background of chronic obstructive pulmonary disease (COPD) in combination with ischemic heart disease (IHD).

Materials and methods. In accordance with the set goal of the study, 26 people with COPD + IHD and 22 practically healthy
people were under observation. The average age of patients was 56.68 + 1.21 years; 76.92 % were men. In the control group,
the average age was 54.37 + 1.84 years, 72.73 % were men. The object of the study was ischemic heart disease: angina
pectoris. Research methods: external respiration function study, six minute walk test, determination of heart rate variability,
the concentration of MMP-9 and TIMP in blood serum was determined by the method of solid-phase enzyme immunoassay.

Results. The analysis of the level of expression of proteases and its inhibitor shows that patients with comorbid IHD on the
background of COPD demonstrated 8.11 times higher activity of MMP-9 (p < 0.05) compared to a cohort of practically healthy
people. Indicators of TIMP activity in patients with IHD on the background of COPD are 1.46 + 0.03 pg/ml, which is statistically
significantly lower by 53.21 % (p < 0.05) compared to healthy people (3.12 + 0.01 ug/ml). The presence of reliable correlations
between the MMP-9 level and the FEV1 indicator (r =-0.67, p < 0.05), the LF/HF parameter (r =-0.74, p < 0.05) indicates, that
when the level of expression of MMP-9 is elevated, there is a more pronounced violation of the function of external respiration
and a shift in the sympatho-parasympathetic balance in the direction of sympathetic activation and a decrease in vagal tone
in heart rate modulation.

The analysis of the meeting frequency with the analysis of conjugation tables showed that in persons in the upper quartile
of MMP-9, prognostically negative parameters of the function of external breathing — an isolated decrease in the Tifno index
(x2=5.2 at p=0.03), as well as the expressiveness of shortness of breath — were recorded more often 26 points on the Borg
scale when assessing exercise tolerance during the 6-minute walk test (x> = 7.3 at p = 0.02).

Conclusions. The obtained data demonstrate that patients with IHD on the background of COPD have a pronounced proteo-
lytic imbalance and disruption of fibrotic processes compared to practically healthy individuals.
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l.uemivHa xBopoba cepuist (IXC), 3okpema cTeHokapgis Ha-
npyry, Ta XpOHIYHE OOCTPYKTUBHE 3aXBOPHOBAHHS NIEreHb
(XO31) vacTo BUSIBNAKOTH ik KOMOPOIAHY NaTornorito, BOHU
MaltoTb CrinbHi hakTopy pusmky. MoeaHaHHS kapaiansHoi
Ta nereHeBol NaTonoril NPU3BOANTL 4O NOTipLUEHHS Npo-
rHo3y nepebiry 060ox 3axBoptoBaHb, KPUTUHHOIO 3HUKEHHS]
AKOCTi UTTi, paHHbOT iHBaNigM3aLlii nauieHTiB i 3binbLUeH-
Hs1 (iHAHCOBOIO HaBaHTaXeHHA Ans cycninbCTaa [1].

3abpyaHEeHHs MOBITPS! LWKIATMBUMK KOMMOHEHTaMU,
rinoKcisi, CUCTEMHe 3ananeHHsl, eHaoTenianbHa ANCHYHK-
Lis, nigBuLLeHa peakTUBHICTb TPOMBOLIUTIB i XOPCTKICTb
apTepiii BigirparTb BaXNMBY POrb Y BUHMKHEHHI | XO3/1,
1 IXC. Y BinbLuocTi uMx nauieHTiB cMepTb HacTae Yepes
CEepLEBO-CYaANHHI YCKMaaHeHHst Hesabapom nicns Yepro-
Boro 3aroctpeHHst XO3/1. KpiM HecnpusTiveoro nporHoay,
Lo noB’a3aHui i3 cynyTHiMu natonoriamu IXC i XO3,
HaA3BMYalHO CKNafHUM 3aBAaHHAM € (hapMaKonoriyHe
NiKyBaHHS Takux nauieHTis [2].

IXC — ogHa 3 HainowwpeHiwmx xBopob cepue-
BO-CYAWMHHOI cucTeMy, ii iarHoctoBaHo y Maixe 24 %
fopocnoro HaceneHHs Ykpainu. Mowwpenicte XO3J1
B YKpaiHi CTaHOBUTb Maimxe 3 Tucadi Bunagkis Ha 100
TUCAY HaceneHHs Ta Wopoky 3poctae Ha 8 % [3]. IXC
HanexuTb MicLie Nnigepa B peiTuHry MnobansHoro Taraps
3aXBOpIOBaHb B 0cib, cTapLumx 3a 50 pokis, a XO3J1— Ha
yeTBepTOMY MicLi B 0Cib Bikom 5074 pokiB, Ha TPETEOMY
micLi B 0cib, cTapLumx 3a 75 pokis [4].

Matpuuni meTanonpoteinasu (MMI1) — npoTeiHasu,
LU0 MOXYTb PYIHYBaTU BCi KOMIMOHEHTW NO3aKMiTVHHOTO
MaTpUKCy Ta YUCIEHHI HEMATPUYHI Ginku. Y pesynerarti
KNiHIYHMX gocnimxeHb goeedeHo, wo MM Ta ixHi
TKaHWHHi iHribiTopm (TIMPSs) 3anyyeHi B natoreHes ne-
reHeBoro ibpo3y, OCKinbK1 BCTAHOBNEHO NiABULLEHHS
pisHiB MMI (Bkntoyaroun MMM-1, MMM-7, MMMM-8 i
MMT1-9) y 3paskax kpoBi Ta nereHb Niga0CHigHUX TBa-
pviH [5]. JocnimkeHHs nereHeBoro ibposy Ha MULLIAYNX
mogensix nokasanu, wo 6inbicte MMI cnpuymnHsitoTh
po3BuTOK (hibpo3y, BKMOHaumM Taki mexaHiamu MMIT:
nepexig enitenito B me3eHximy (MMM-3 i MMI-7);
niaBULLEHHS piBHSI 200 aKTMBHOCTI NPodiGPO3HUX Me-
diaTopiB y nereHsix abo 3HWKEHHS piBHS aHTUGiIOPO3-
Hux megiatopie y nerexsx (MMM-3, MMM1-7 i MMI-8);
CTUMYNIOBaHHA aHOManbHOI Mirpauii eniteniansHux
KMITUH Ta iHWKUX abepaHTHUX MPOLIECIB BiAHOBIEHHS
(MMT1-3 i MMT1-9); iHayKLiS nepeMnkaHHs heHoTUniB
nereneBux mMakpodaris i3 Tunie M1 va M2 (MMr1-10
i MMM-28); akTuBauis mirpauii ibpountie (MMI-8).
MMI-13 i MMMM-19 matoTb aHTUdIOPO3HY aKTUBHICTb
y MULIaYMX Mofensx nereHesoro ¢ibposy, a MMI-1
i MMM-10 — noteHuian ana obmexeHHs ibpo3HoOi
peakuii Ha NOLLKOAKEHHS [6].

MMI-9, Zn?-3anexHa eHgonenTtuaasa, epMeHT
XenaTuHasa nokasarna 3HayHy eneBaLito nig yac natono-
riYyHOro pemMoaentoBaHHs cepLis nicns iHapkTy Miokapaa
(IM). MMIM-9, Takox Bigoma sk xenatuHasa B, — ogHa
3 Hanbinbw BuBYeHNx MMIT y gocnigkeHHsX Wwoao
cepueBo-cyanHHoi cuctemu. MMI-9 moxe posknagatv
11 enacTuH, i konareH, OCKinbky Li cybcTpaTti € OCHOBHU-
MW KOMMOHEHTaMK 6Girnka cepLeBoro no3akniTMHHOro
marpukey [7].

Cepen uneHiB pognHn MMM came MMI-9 Bigirpae
BaXNWBY porb Y BUHUKHEHHI IM, cepueBoi HegocTaTHO-
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cTi, piabety, rinepToHii Ta atepocknepo3y. MonepeaHi
JOCTiMKEeHHs nokasanu, Wo iHribyBaHHs MMI-9 moxe
NOKPAaLLWTM HACMiAKW ANs NauieHTiB i3 peMogentoBaHHsAM
cepus, ibpo3om, 3MEHLLMTN PO3MIP IHPaPKTY, LIBWUAKICTL
M0ro pO3LUMPEHHS Ta NOKPALLMTK BYXMBAHICTb nicns IM
abo nig vac iemiyHo-penepdy3iHoro ykomkeHHs. Op-
HaK KapZionpOTEKTOPHUIN KOMNOHEHT abo cneumgiuHuin
MexaHi3Mm iHribyBaHHs MMI-9 notpebye aeTanbHiLoro
BUBYEHHS [8].

MNosigomnsnu, wo ekcnpecis MMI1-9 6e3nocepeaHso
KOPETHOE 3 AjacToNIYHOK ANCHYHKLEHD Ta € Giomapkepom
peMofentoBaHHs cepus B NaLieHTIB i3 cepLeBoro Heao-
cTatHicTio. Kpim Toro, uinecnpsimosaHa geneuis MMIM-9
3axuLLae Bif iLLeMivyHO-penepdysinHOTO YLLIKOMKEHHS,
a omxe MMI-9, moxnuBo, Bigirpae yHOaMeHTanbHy
porb y MOLWKOMKEHHI cepus. PapMakonoriyHi iHribiTopu
MMTI-9, abo MOHOKMOHAMbHI aHTWTINA, CNPsSIMOBaHI Ha
MMIN-9 (anpekanikeumad, GS-5745), HuHi nepebyBatoTb
Ha | Ta Il dhasax kniHiyHx BUNpobyBaHb [9].

3a HopmManbHuX (hi3ionoriYHnx yMOB piBEHb EKC-
npecii rexis i 6inkis MMI1-9 HW3bKuIA, ane ekcnpecis Ta
akTmBHicTb MMTI-9 3HayHO 36iMbLLYOTLCA NpU NaTono-
rYHMX CTaHax cepus, Lo BU3HAYakoTh Nif vac Garatbox
CepLeBO-CyAMHHUX 3axBOptoBaHb. Bigomi areHTu, wo
MigBULLYIOTb €HAOTEHHUIA cepueBuii piBeHb MMI-9 y
miokapgi nicnsa IM, — rinokcis, akTBHI OOPMU KUCHIO,
dhakTopu poCTy, XeMOKiHW, Binkw, ki aKTUBYIOTb CepLIEBUIA
NO3aKNITUHHUA MaTPUKC, i Npo3anasbHi LUTOKIHW. Kpim
Toro, MMI-9 pekpyTyeTbcs A0 iHGapKTHOro Miokapaa
yepes iHINLTPaLito HEPE3MAEHTHNX KNITUH cepus (iH-
dinbTpaLito HeTpodhinie, Makpodarie i NeMKoUMTIB) Mig
Yyac pemogentoBaHHs nicns IM [10,11].

Mo3aknitnHHy ponb MMTI-9 gosoni fobpe BMBYEHO,
ane ii BHYTPILUHbOKNITMHHA ab0 perynsTopHa ponb Y
BHYTPILLHBOKMITUHHIX CUrHAMNBHKX LUMSIXaX 3amnuLiaeTb-
cs1 HeBigomoto. MoBigomnany, Wo abnauis ekcnpecii Ta
aktvsHocTi MMIT-9 nokpaluye ckopouyBanbHY 3AaTHICTb
KapgiomiounTie npy kapaiomionarii [12]. BTiM, MexaHiam
KapaionpoTekuii, Lo onocepeakosaHa abnauiero MMIM-9,
0CTaTO4HO He 3'COBaHO.

HaeepneHi chaktv cBigyatb Npo akTyanbHiCTb AOCHi-
IDKEHHS! Y LIbOMY Hanpsimi Anst oNTuUMi3aLlii AiarHOCTVKV Ta
NiKyBaHHS1 XBOPUX Ha CTEHOKapAjto Hanpyru iLemiyHoro
rexesy, Wwo noegHara 3 XO3[1, Ha nincTasi BUBYEHHS CTa-
Hy cucTemu npoteasu-aHtunporeasu (MMIM-9/TIMMN-1) Ta
BNNVBY Ha nepedbir iLemii Miokapaa, CTpyKTypHO-(YHKLjo-
HanbHWIA CTaH NiBOroO LUMyHouKa [13].

Merta po6otu

OUiHIOBaHHS KNiHIYHOTO 3HAYEHHSI MOPYLUEHHS PiBHSA
ekcnipecii MMIM-9 ta TIMI Ha Tni XpoHiYHoro o6CTpyK-
TWBHOTO 3aXBOPIOBAHHS NEreHb Y MOEAHAHHI 3 iLLEMIYHO0
XBOpoboto cepus.

Martepianu i meToAU AOCAIAKEHHA

Mig cnoctepexeHHam nepebyBanu 26 nauieHTiB i3
X031 + IXC i 22 npakTuyHO 300poBi ocobu. CepenHilt
BiK mauieHTiB — 56,68 + 1,21 poky, 3-MOMiX 06CTEXEHNX
76,92 % qonosgikis. CepepHii Bik 0cib i3 rpynu KOHTPOMto
— 54,37 + 1,84 poky, 72,73 % 4onoBiKiB.
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Kputepii 3anyyeHHs — Bik naujieHTis Big 40 go 70
poKiB; BCTaHOBNEHI AiarHoan IXC, cTabinbHa cTeHokapais
Hanpyrv lI-1ll ©K (nigTBepapxeHnii 3a MEOUYHOKO [OKY-
MEHTAaL|i€l0 XBOPOro, 30KpeMa HasBHICTb aHriorpadivHnx
3MiH KOPOHapHWX apTepii abo onepaT1BHOIO BTPyYaHHs /
npoueayp peosackynspuaauii miokapaa); BusiBreHe
XO3 lI-1I cragii (GOLD 2014, nicns npoBeaeHHs nNpo-
6u 3 GpoHxoniTukoM kopoTkoi aii OPB1 230 % i <80 %,
O®B1/®XEN <0,7 (70 %), wo BuaHaveHi Yepes 20 xBu-
nuH nicns iHransuii 400 mkr canbbyTamony); BiaCyTHICTb
NPOTUNOKa3aHb AN NpU3HaveHHs B-appeHobnokaropis,
aHTUarperaHTiB, CTaTWHIB. Y OOCRIgKeHHS 3anyyanu
TiNbKK NaLjeHTiB, cxeMa nikyBaHHsi abo CTaH SIKUX MOXYTb
3anuwarmcs CcTabinbHMMK NPOTAroM YCbOoro nepiogy
yyacTi y gocnimkeHHi. Yci obcTexeHi Haganm nucbMoBy
iH(bopMOBaHy 3rofly Ha y4acTb.

KpuTepii BUKNMIOUEHHS! — BariTHICTb, nakTauis; ai-
arHOCTOBaHi FOCTPWIA renatut, rocTpun nienoHedpuT;
HecTabinbHa cTeHokapais; iHapkT Miokapaa B aHamHesi;
rOCTPi MOPYLUEHHS MO3KOBOTO KPOBOOGIry B aHaMHesi;
BUSIBNEHA KMiHIYHO 3HAYyLla MaTosnoris KrnanaHHoro
anapara cepLsi; aTpioBeHTpuKynsipHa 6nokaga -1l cty-
NeHiB; kapgioMionartii; BUpaxeHi NOpyLLIEHHS CepLEBOro
PUTMY; OHKOINOriYHi 3aXBOPIOBAHHS; HAsIBHICTb KMiHIYHO
3HaYyLWMX BiOXUNeHb NabopaTopHUX MOKa3HWKIB, L0
MOXYTb BMIMHYTU Ha pe3ynbTaTh OUiHIOBaHHS Be3neku
1 ebeKTUBHOCTI JocnimkyBaHoro npenapary; Oyab-ski
iHLLi CynyTHi AEKOMMNEHCOBaHi 3aXBOpoBaHHS abo rocTpi
CTaHW, WO MOXYTb BMAWHYTW Ha pesynbTaTtv AOCHi-
[DKEHHST; NpuiAMaHHst Byab-sikux nikapcbkux 3acobis, Lo
BMIIMBAKOTb HA MeTaboniam Miokapaa, npoTsrom 1 micaus
[0 3anyyeHHs B JOCMIIKEHHST; HEOOXIAHICTb CynyTHLOMO
NpU3HaYeHHs nikapcbkux 3acobiB, HEPEKOMEHoBaHNX
nig Yyac AOCNiIKEHHS; yyacTb Yy Oyab-sakoMy iHLIOMY
KniHiYHOMY BUNPOOYBaHHI.

JiarHoctuky XO3J, BU3Ha4eHHs ii cTagii Ta cTy-
MEHs TSOKKOCTI 3MINCHUN 3@ KPUTEPIAMU MiKHAPOAHOI
nporpamu «mobaneHa iHiuiatmea i3 XO3J1» (GOLD,
2022). XBopi, ski 6panu y4acTb y AOCMIDKEHH], Manm
3pebinbloro XO3J1 cepeHbOro i BaXKOro CTyneHis
(3rigHo 3 GOLD Ta Hakasom MO3 Ykpainu Big 12.03.2007
Ne 128). [ins cTeHokapgii HanpyKeHHst Bu3Haummm -1V
(yHKLUiOHanbHI knack 3a knacudikauieto KaHaacekol
acouiavii kapgionoris.

®YHKLIiI0 30BHILHLOIO AWXaHHSA OLiHIOBanNM 3a
CTaHOapTHOK METOAMKOI Ha criporpadiyHoMy anapari
«CIMIPOKOM» 3 BMKOPUCTaHHSIM NporpaMHoro 3abes-
NeYeHHs BiAMOBIAHO 0O pekoMeHaaLin AMepUKaHCHKOT
TopakanbHoi Ta €BPONENCHKOT pecnipaTopHOI CrifIbHOT.
BusHavanm 06’em thopcoBaHOro BUAVXY 3a NepLUy CeKyH-
ay (O®B1), dhopcoBaHy XMTTEBY EMHICTb fereHb (PXKEJ,
%), BENU4MHY criBBiAHOLLEHHS 06’eMy hopcoBaHOro Bu-
AVIXy 3a NepLLy CeKyHAy A0 POpCOBaHOI KUTTEBOT EMHOCTI
nereHb (OPB,/OXKE), XBUNMHHA 06’EM ANXaHHS, XUT-
TEBY EMHICTb NereHb, MakcumManbHy 06'eMHy LIBUAKICTb
(MOLL 25 %, 50 %, 75 %). 3BOpOTHICTb BpOHXianbHOI
006CTpyKLUii 0bpaxoByBanu cTaHAapTHUM METOAOM [0 i
nicns 10 xBUnuH nicnsa Bauxy cansbytamony.

Yci xBopi 0TpUMyBanu TpaguuiiHy Tepanito 3 nepco-
HichiKoBaHUM BU3HAYEHHAM Mpenaparis.

BapiabenbHicTb cepueoro putmy (BCP) Bu3Havanmu
nig Yac 5-xsunuHHoi peectpauii EKI BignosiaHo 4o Bumor
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cTaHzapty «BapiabenbHicTb cepuesoro putmy. CtaHaap-
TV BUMIpIOBaHHS, isionoriyHa iHTepnpeTauis i KniHivHe
3aCTOCyBaHHsI», IO ony6nikoBaHWiA rpynot excrepTis
€Bponeiicbkoi acoujauii kapaionorii Ta liBHiYHOAMe-
puKkaHCbKoI acouiauii putMonorii Ta enekTpodisionorii.
MpoaHanidysanu cnekTpanbHi nokasHukv BCP. Y cnekTpi
po3pi3Hanu Taki komnoHeHTn: HF (High Frequency) —
BucokoyacToTHuMiA (0,150-0,400 y), wo 3pebinbLuoro
Mnokasye akTUBHICTb napacumnaTiyHoro Bipginy BHC; LF
(Low Frequency) — Hu3bkoyactoTHuii (0,040-0,150 y),
Lo xapakTepusye cumnatuyHun Tonyc; VLF (Very Low
Frequency)— HagHuabkodacToTHuiA (0,003-0,040 '), wo
BifOVBaE CTynNiHb akTVBaLlii BULLWX BEreTaTyBHUX LIEHTPIB
abo eproTponHyX CUCTEM, BiANOBIAANbHUX 3@ adanTalito,
Ta xapaKTepuaye NCUXOreHHW Ta eHepromMeTabonivyHNiA
KOMMOHEHTY perynsuii cepuesoro putmy. Kpim amnnityau
KOMMOHeHTiB, B13Havamm TP (Total Power) — 3aranbHy
MOTYXHICTb CNEKTPA, L0 XapakTepusye CymapHy akTuB-
HICTb BereTaTMBHUX BMIMBIB HAa CEPLEBUIN PUTM i CUM-
natoBarycHwit inaekc, LF/HF — BiHOLIEHHS! NOTY)XHOCTi
HU3bKWX YacTOT A0 NOTYXXHOCTI BUCOKKX, 3HAYEHHS AKOTO
cBigumno npo 6anaHc cMNaTUYHKX i NapacuMNaTUYHNX
BNNvBiB. [oka3HWKM BUMIptoBanu y Mc? i HopmanisoBaHuX
oanHuuax. OLiHIOBaNM TaKOX NOTYKHICTb BMCOKOYACTOT-
HUX, HU3bKOYACTOTHUX, HAHU3bKOYACTOTHIX KOMMBaHb
cepueBoro putmy y % Ao cymapHoi notyxHocTi (HF %,
LF %, VLF %).

YciM XBOpUM BUKOHanu TecT i3 6-XBUNMHHOK0
xofpb0to, MeTa SKOro — OLHIOBaHHS TONEPaHTHOCTI A0
i3MYHMX HaBaHTaxeHb, CcTpaTUdikaLisa pu3uky, B1U3Ha-
YeHHs OK ctabinbHoi IXC. TecT i3 6-xBUNMHHOM xoab00t0
BMKOHamNM BpaHLi, He paHilLe Hix Yepes 4 roguHu nicns
CHiAaHKy, pekoMeHayBanu obmMexuTn isnyHi HaBaH-
TaXeHHS Ta He KypuTW BMPOLOBX 2 roguH OO moyaTky
TECTY, BAATHYTU 3pyYHUI ogsr i B3yTTS. ApTepianbHui
Tck (AT), yacToty cepuesux ckopodeHb (HCC), SpO,
BMUMIpIOBaNu JO NovaTtky Ta Nicns XOA4iHHS, Ha Apyrin i
AecATin xsunuHax. [icns TecTy 3anoBHOBanNy NPOTOKON
TECTy 6-XBWUIIMHHOI xoAb0wW, NauieHT BM3Ha4aB iHAWBI-
ZlyarnbHe CMpUNHATTS HaBaHTaXeHHS! 3a Lukanow bopra
(Big 0 go 10 6anis).

KoHueHTpauito MMMM-9 i TIMI y cupoBsaTui KpoBi
BU3HAYanM MeToaom TBepaochasHoro iMyHoepMeHT-
HOro aHanisy, BMKOPMUCTOBYOUM peakTuau ipmmn Bender
MedSystems (AscTpis) Ha iMyHO(EpMEHTHOMY aHa-
nizatopi DigiScan SA400. OnTuyHy WinbHICTb 3paskiB
BUMiptoBanu 3a gonomoroto 6aratodyHKLioHan5HOro
¢otomeTpa Ans mikponnaHweta SynergyMX (BioTek,
CLUA). Bmict MMIM-9 Bupaxanu B Hr/mn. [JocnimKkeHHs
3AircHUNM Ha kadpeapi KniHivHOT nabopaTopHoi AjarHoCTh-
kv 3anopisbKoro AepxaBHOro Meanko-hapMaLeBTUYHOTO
YHiBEPCUTETY.

AHani3a HopManbHOCTi PO3nozAiny OLiHIOBaM 3a Kpu-
Tepiem Shapiro-Wilk (W). Pesynistat focnimKeHHs HaBe-
[eHO 5K CepefHe apudMeTUYHe + CTaHhapTHa nomunka
penpeseHTaTMBHOCTI CEPeAHbOr0 3HaYeHHS!. [opIBHSAHHS
rpyn 3a SIKICHOK 03HAKOHK), @ TAKOX Mif Yac JOCTILKEHHS!
YaCTOTM BUSIBMEHHS MOKA3HWKIB 30iNCHWUI 32 AOMOMOTOH
KpuTepito 2 3 aHanisom Tabnuupb cnpsbkeHocTi. CTyniHb
B3aEMO3B’A3KY MiXK Mapamm He3anexHux 03Hak, Lo HaBe-
[eHi 3a KinbKICHUMM LLIKanamu, OLiHoBarnm 3a JonoMOrow
koedpiLieHTa paHroBoi kopensuii MipcoHa (r).
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Pesynbsratun gocnigxeHHs onpautoBanu, 3actocy-
BaBwwwu nporpamm SPSS 16, Microsoft Excel 2015 Ta
niueHaoBaHy Statistica® for Windows 13.0 (StatSoft Inc.,
Ne JPZ8041382130ARCN10-J). ns BCix BUAiB aHanisy
CTaTUCTUYHO AOCTOBIPHUMM BBaXanu BigMIHHOCTI npu
p <0,05.

Pe3yAbTati

Y pesynstati 06CTeXEHHA BU3HAYMMK PiBHI eKcnpecii
MMIM-9 i TIMM, wo HaBeneHi B mabnuui 1.

AHani3 piBHs ekcnpecii npotea3 Ta ii iHriGiTopa
CBIOYUTb, WO NauieHTy 3 koMopbigHowo natonorieto IXC
Ha Tni XO3J1 manu B 8,11 pasa BuLLy akTueHicTs MMI1-9
(p < 0,05) Wwono napameTpiB NPaKTUYHO 30OPOBMX OCI6.
Tak, pieHb MMI1-9 y navjenTig i3 IXC Ha Tni XO3J1 cTaHo-
BUB 7,22 + 0,68 Hr/Mn, y KOHTPOIbHIl rpyni Lier NoKasHUK
ctaHoBuB 0,89 + 0,18 Hr/mn. Y nauieHTiB i3 NoeaHaHOW
KapZianbHO-pecnipaToOpHOK NaTomnorielo BCTAaHOBUIU
3HaYHO HUXYY aKTUBHICTb TKAHWHHMX iHriGiTopis MM —
TIMIM, He3Baxatoum Ha iCTOTHE 30iNblUEHHS ekCrpecii
npoteas. Moka3Huku aktusHocTi TIMI y nauieHTis i3
IXC Ha tni XO3/1 ctaHoBunu 1,46 + 0,03 mkr/mn; ue
CTaTUCTWMYHO JOCTOBIPHO MeHLLe (Ha 53,21 %, p < 0,05)
NopiBHSHO 3i 3gopoBuMY ocobamm (3,12 + 0,01 mkr/mn).

AHanis cnieigHoweHHss MMI-9/TIMP B OCHOBHi
rpyni Ta rpyni KOHTPOMIO BUSIBUB @HamnoriyHy AMHaMiKy
3pyLeHb: AoMiHyBaHHS ekcripecii MMIT-9 npu gediumri
aktmeHocTi TIMI B ymosax natonorii IXC Ha tni XO3/1.
Lle cniBBigHoweHHs B nauieHTiB i3 IXC Ha Tni XO3/
cTaHoBuTL 4,94 + 0,45 ym. 0f., Y MPaKTUYHO 300POBKX
ocio MMIN/TIMP Bu3sHaveHo Ha pisHi 0,29 + 0,06 ym. oa,;
Pi3HULSE CTaTUCTUYHO OOCTOBIPHA, B 17,03 pasa meHLle
(p <0,05).

OTxe, [aHi, LLO ofepxanu, BKasytoTb Ha NOpYLUEHHS!
hepmMeHTaTUBHOI aKTUBHOCTI MO3AKITITUHHOIO MaTpuKCy
npu IXC Ha tni XO3J1 nopiBHSHO 3 MPaKTUYHO 300POBM-
MK ocobamu. BusHaumnuy nigBuLLEHHS! piBHS ekcripecii
MaTPUKCHUX MeTanonpoTeiHas i 3HWKEHY aKTUBHICTb
TKaHUHHOTO iHribiTopa MeTanonpoTeiHas.

BcTaHOBMMM OOCTOBIPHI KOpenauiiHi 3B’a3Ku Mix
piBHem MMTI1-9 i nokasnmkom OPB1 (r =-0,67, p < 0,05),
napametpom LF/HF (r = -0,74, p < 0,05). Lle pano nig-
CTaBW Ans BUCHOBKY, LLO Npw eneBauii piBHS ekcrpecii
MMTI-9 BinbyBaeTbCS BUpa3HiLLE NOPYLLIEHHS YHKLIT 30-
BHILLIHBOTO IMXaHHs! Ta 3CyB CUMMNATO-MapackMnaTyHoro
6anaHcy B HanpsMi CUMMAaTUYHOI aKTMBALLii, 3MEHLLEHHS
BarycHOro TOHycy B Mogdynsiuii cepLesoro putmy.

AHani3 4yacToTW BMSIBNEHHS NOKa3aB: B NaLlieHTIB 3
IXC Ha tni XO3/1 y BepxHbomy kaptuni MMI-9 Bipo-
rifHO vacTile peecTpyBanu NpoOrHOCTUYHO HeraTuBHi
napameTpu yHKLi 30BHILLHBOIO ANXaHHS — i30MbOBaHE
3HKEHHS iHaekey TudHo (x2= 5,2, p = 0,03), a Takox
BUpa3HiCTb 3aauLLKK 26 6anis 3a Lkanoto bopra nig yac
OLHIOBaHHS NEPEHOCHOCTI (DI3NYHNX HABAHTaXeHb (TEeCT
i3 6-xBUNMHHO Xoab6010, X2 =7,3, p = 0,02). Lle cBigunTb
MPO NaToreHeTNYHy acoLliaLlito NOpPYyLLEHb eH3NMaTUYHOT
aKTVUBHOCTI, SIK-OT MiABULLEHHS piBHSA ekcnpecii MMIM-9
i3 HEraTMBHUMU NPOrHOCTUYHUMK NpegukTopamu IXC /
XO3J1 (nopyLleHHs BEHTUMALIMHUX NPOLECiB, cuMna-
TO-BaranbHoro 6anaHcy Ta HU3bKOK TOMEPaHTHICTIO A0
i3MYHMX HaBaHTaXeEHb ).
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Ta6nuus 1. PiseHb ekcnipecii MMIM-9 ta TIMI B 06cTE)EHNX

Moka3Huk, oguHULi MauienTu i3 IXC MpakTuyHo 3popoBi | BenuunHa
BUMipIOBaHHS Ha TNi XO3/1, M+ m | ocobu, Mt m BiAMiHHOCTEMN

MMM-9, Hr/mn 7,22+0,68 0,89+£0,18
TIMM, mkr/mn 1,46 £ 0,03 3,12+0,01
MMM-9/TIMP, ym. oa. 4,94 +0,45 0,29 +0,06

8,11 pasa*®
-53,21 %*

17,03 paza*®

*:p < 0,05 NOPIBHAHO 3 rPynoto NPakTU4HO 3A0POBUX OCIO.

Omxe, y xBopux Ha IXC i XO3J1 BusiBUnm BupaxxeHui
NPOTEONITUYHWIA AnchanaHc i NopyLLEeHHS gibpOTUYHNX
MpoLeciB NOPIBHSHO 3 NPaKTUYHO 300POBMMU OCOBaMK.

06roBopeHHs

Binomo, wo XO3J1 nos’A3aHe 3 aHOManbHOK 3ananb-
HOI peakLieto NereHiB Ha LUKIANMBI YacTku abo rasm 3
HaCTYMHUM IHTEHCMBHUM PEMOAENOBAHHSAM CTiHKM au-
XanbHWX LUASXIB. Y MOKPOTWUHHI BU3HAYatOTh MigBULLEHI
piBHi IL-1beta, IL-6, IL-8, chakTOopa HEKPO3Y MyXnMHK-C
(TNF-a), GRO-anbtha Ta MCP-1, mig Yac 3arocTtpeHb
cnocTepiraTb NiABULLEHHSA Haaani. BpoHxionapHui
enitenin HagMmipHo ekcnpecye MCP-1, MIP-1alpha ta
IL-8. Came IL-8 mMOXe MOSICHUTM XEMOTaKCUYHY aKTUB-
HiCTb HenTpoginie MokpoTuHHS. TNF-a Ta IL-1beta
CTUMYMOTL Makpodhary Bupobnat MMI-9, a BpoH-
XianbHi enitenianbHi KNiTMHY — BUPOGNATY NO3aKMITUHHI
maTtpuyHi rnikonpoteinun [14]. MNigBuwexa ekcnpecis
6eTa-TpaHchopmyBansHoro gaktopa pocty (TGFbeta)
i eninepmanbsHoro ¢haktopa pocty (EGF) BinbyBaeTbes B
enitenii Ta Nigcnm3oBmx KniTuHax. [ocnigxeHHs: reHHOro
macyiBy nokasanu Hagnuwwok TGFbeta1, CTGF i PDGFRA
npu XO3J1. TGFbeta i EGF aktuBytoTb nponicdepatito
(ibpobnacris, a akTueauisa peuentopa EGF cnpuunnse
€KCMpecito reHa MyLmHy. OTxe, NPOLOBKEHHS BUBYEHHS
notpebye aHTMLMTOKIHOBA Tepanis y (hopMi PO3HMHHMX
peLenTopis abo HelTpanisyBanbHWUX aHTUTIN, HEBEMMKNX
CronyK, Lo BroKyoTb PeLenTopu LMTOKIHIB, abo HemoB-
HVX | HEaKTVBYIOUYMX LIMTOKIHIB, iHriGITOPIB akTvBaLji Binka
1 iHriGiTOpiB CUrHaNBHOI TpaHCAYKLIi Ta TPaHCKpUMLi,
Hanpuknag, Yepes iHribyBaHHa MiTOreH-aKTUBOBaHOMO
6inka kiHasn (MAPK) i chakTopa TpaHcKpunLii, saepHoro
haktopa kappaB [15].

MMTIT cimelicTBO Mae woHanmeHwwe 20 npoteoni-
TUYHUX (PEPMEHTIB, LLO BiAirpaloTb BaXNMUBY porb Y
pemopentoBaHHi TkaHuH. BeaxatoTb, wo MMIM-1 (iH-
TepctuuianbHa konareHasa), MMI-9 (xenatuHasa B) i
MMIM-12 (makpodparansHa enacrasa) MatoTb BaXIvBe
3HAYEeHHS Nig Yac BUHUKHEHHS eMdizemu. JocnigHuku
BUSBUIIN HU3KY NPUPOAHUX MOMIMOPEi3MiB MPOMOTOPIB
reHis MMM miognHu, WO 3MIHIOKTb TPaHCKPUNLiNHY
akTMBHICTb. OCTaHHi faHi nokasanu: NoniMopdism reHis
MM-1 i MMM-12, ane He MMT1-9, € a6o NpnU4MHOBKMM
¢hakTopamm NOB’A3aHOrO 3 KYPIHHSAM YLUIKOMKEHHS ne-
reHis, abo nepebyBatoTb y HEPIBHOBaXHOMY 3B'SI3Ky 3
NpUYMHOBMM noniMopdiamom [16].

Kpim Halloro JocnimkeHHs, NOBiZOMNANM Npo AnUC-
6anaHc mixx MMM Ta ixHIMK TKaHUHHUMU iHriBiTOpamu,
Ak-oT MMI-9. Lle kopentoBano i3 KypiHHAM curapert Ta
06CTpyKLj€e0 NOBITPSHOTO NOTOKY B navieHTiB i3 XO3/T,
LU0 MoKasaHo B poboTax iHWMX aBTopiB. Tak, BCTAHO-
BUNM koHUeHTpauii MMI-9 i iioro iHribiTopa TIMIM-1 3a
[OMOMOroK iMyHodepMeHTHoro aHanidy [17]. Kopens-
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LiMHMIA aHani3 nokasas, LWO i koHueHTpauia MMM-9, i
MonsipHe cnieigHowweHHs MMIM-9 go TIMIM-1 (MMIM-9/
TIMI-1) kopentoBany 3 KinbKiCTHo BUKYpeHWX curapeT. ba
GinbLe, koHueHTpauii MMIM-9 obepHeHO nponopuiiHi
O®B1. Y uboMy [OCTifXeHHI [OBeAEHO, WO eKcrnpe-
cis MMIM-9 y napeHximi nereHb NOAMHN NoOB’s3aHa 3
KYPIHHAM Curaper, a Takox 3 06CTPyKLiEl0 NOBITPSHOTO
notoky. OTxe, MMI-9 Moxe BigirpaBaTi NeBHy ponb Y
natoreHesi 06CTpyKLii NOBITPSHOrO MOTOKY, CIPUYMHEHOT
curapeTHm aumom B ymosax XO3J1. Li aaHi 36iratotbes
3 pesynsTatamy, Lo OTPUManit y HaloMy AOCHIMKEHHI.

Yan Zhang et al. (2013) 3gincHunm gocnimkeHHs
Ha TBapuHHin Mmogeni XO3J1, ake chopmyBany LNSXOM
BHYTPILLHbOOYEPEBHHHOI iH EKLLii EKCTPaKTY CUrapeTHoro
anmy (CSE) y muweit BALB/C. Muwam Bogunn PBS/
CSE i BuBOgMnmn 3 ekcnepumeHTy Ha 28 feHb. BHyTpiw-
HboOuYepeBMHHa iH’ekLis CSE cnpuumHsna B MuULLEN
[EeCTPYKLUIto nereHeBoi NapeHXiMu, 3HUKEHHS NereHeBoi
dyHKLUT, KINbKOCTI NENKOLWMTIB, MOLLKOMKEHHS CEPLIEBMX i
nepudepnyHnX M’s3iB, a TaKOX NOCUNEHHS NEreHeBoi Na-
peHximun Al, enesaLito 6inka kacnasu-3, ekcnpecito MPHK
MMI1-2 i MMI-9, 3pocTtanHs piBHiB MMIM-2 i MMIT-9 y
NereHeBil TKaHWHI Ta MPUTHIYEHHS! aHTUOKCUAAHTHOI ak-
TvBHOCTI. Lle focnimkeHHs Ha TBapuHHiv Mogeni Ta iHLWi
ny6nikavii cTanu nigrpyHTsM 4nst BUB4EHHS B3AEMO3B'A3-
Ky Mk MMI-9 i natorenesom XO3/1y Hawwin po6ori [18].

BuByanu 3B’s3ok Tspkkoro nepebiry GpoHxianbHoi
acTMu 3 nigsuweHHaM piBHa MMM-9 y guxanbHux
LUMIsIXax NOPIBHSHO 3 nerkuM nepebirom acTmu, a Takox
OLiHIOBaNu BNAMB anepreHis i NikyBaHHs cTepoigamu
Ha piBHi MMIM-9 i TIMIM-1 y MOKPOTWHHI, LLO ofepxanu
BiZl NaLiEeHTIB i3 GPOHXianbHOK acTMOH Pi3HUX CTYNEHIB
TskkocTi. Y 18 xBopux i3 nerkoto ¢opmoto, 10 oci6 i3
TSKKOKO (hOPMOI0 acTMu, a Takox y 10 HekypuiB 3 atoni-
€10 JOCTiMKyBan MOKPOTUHHS. AnepreHHy NpoBoKaLito
3givicHunn 14 nauieHTam i3 nerkow acTMorw. bpox-
X0-anbBEeONSIPHUI NaBax 3ibpaHo B 16 XBOpWX i3 Nerkoto
aCTMOIO 10 Ta Nicns 4-TYXKHEBOIO NiKyBaHHS iHransLinHAM
OynecoHigom, 800 mkr ggivi Ha goby abo nnaue6o. B
NaLiEHTIB i3 TSHKKOK aCTMOK BCTAHOBMIU MiABWLLEHI PiBHi
1 akTnBHicTb MMTI-9 y MOKPOTWHHI MOPIBHAHO 3 XBOPUMU
Ha Nnerky acTMmy Ta npakTu4Ho 300poBUMM ocobamu. INpo-
BOKaLis anepreHom 36inbLuna cnissigHoweHHs MMIM-9/
TIMMM-1 Ta aktueHicTb MMTI-9. IHransauinHmin 6ypecoHin
He BnnBaB Ha MMIM-9 abo TIMI-1y nauieHTiB i3 nerkoto
acTmoto. OTxe, 5K | B HALLOMY JOCTimKEHHI, pesynsrati,
L0 aBTOpPU ofepxanu, ceigyatb: MMI1-9 moxe Bigirpa-
BaTU BXKMMBY POb Y XPOHIYHOMY 3ananeHHi AuxanbHux
LUNAXIB | pemopentoBaHHi B ymoBax 6poHX006CTpyKLii,
OCKIfbKV KOHLiEeHTpaLlii NiABULLYIOTLCS NPy BaXKin, nep-
CUCTEHTHIl acTMi Ta Micnst NpoBoKaLyii anepreHoM. IHrans-
LiinHi cTepoiau, iMoBipHO, He BnnmBatoTs Ha MMIM-9i TIMIM
y MaLieHTIB i3 NIErkoto acTMoro, TOMy HeoOXiaHi J0AaTKOBI
LOCTIIKEHHS Y XBOPYX i3 Tshkumm nepebirom actmm [19].

lpyna aBTopis gocnigxysana MMM i TKaHWHHI
iHriGiTopn MeTanonpoteiHas, KoTpi 6epyTb y4acTb y pe-
MOZENtoBaHHI CyAVH i NPaBoro LUMyHOUKa NPy fnereHeBin
rineptensii (JIF). MMM-2, MMM-9, TIMM-1 i TIMMN-4
BMMIpIOBasnM B nnasmi Ta OLiHIOBasM iXHii NoTeHUian sk
Giomapkepis ans J1I. Y ue AoChimKeHHs 3any4munum naui-
€HTIB, SKUM 34INCHUNM KaTeTepu3aLlito npasvx Bigginis
cepus, 3 NpunyLLeHHsM npo HaseHicTb JIIT (navieHTn 3
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mPAP >25 MM pT. CT. BU3Ha4eHi sk Taki, wo matotb J1T;
MOKa3HVKY XBOpYX i3 MPAP <25 MM pT. CT. BCTAHOBMI SIK
KOHTpOnbHi). 3aranom sanyunnu 160 navienTis i3 J1 (igio-
naTuyHa nereHeBa apTepianbHa rinepTeH3is, nereHeea
apTepianbHa rinepTeHsis, NOB’s3aHa 3 3aXBOPIOBAHHAM
CrOMyYHOI TKaHWUHK, XPOHivHa TpomBoemboniyHa I Ta
nereHeBa BeHO3HA MNEPTEH3ist), Y AOCHIMKEHHI B3N
yyactb Takox 44 ocobu 6e3 I (koHTponb). Mnasmy
kpoBi micnsa giarHoctuku JII ananisyBanu Ha piBHi
MMI-2, MMI1-9, TIMM-1 i TIMIM-4 3a fonomoroto iMyHo-
(hepmeHTHOro aHanisy. Y nauiexTis i3 11T pisHi MMI-2,
MMI-9, TIMI-1 i TIMMN-4 kopentoBanu 3 napameTpamm
remoauHamiky (p < 0,05) i gucTaHuieto, WO NporaeHa nig
yac TecTy LWeCTUXBUNMHHOI Xoabom (p < 0,01). MNaujieHTn
3 BucokuMm piBHem MMITi TIMIM-1 y nna3mi manu 3Ha4HoO
ripLuy 5-piyHy BYKMBAHICTb, MOPIBHAHO 3 XBOPVIMM 3 HW3b-
KM piBHEM y nnasmi (baratoakTopHe CriBBigHOLIEHHS
pu3nKy cmepTHocTi — 2,69 i 4,46 BignosigHo, p < 0,01).
ABTOpPU BCTAHOBMNY, WO NiABWLLEHI PiBHI HA3BaHMX
6iomapkepiB y nnasmi KPoBi He MarTb AiarHOCTUYHOIO
3HaYEHHs, MPOTeE TICHO NOB'A3aHi 3 NiABULLEHUM PU3UKOM
y nauienTis i3 JII" [20].

Y Hu3Ui mxepen gaxoBoi NiTepaTypum nokasaHo 3mi-
HW MO3aKNITUHHOrO MaTPUKCy B NALliEHTIB i3 MOCTINHO
¢hopmoto ibpunauii nepencepab (®I) nopisHsHO 3
XBOpUMYU 3 CuHycoBuM putmoM (CP). IHTpaonepaLiiHi
6ioncii ByLuok npasoro nepeacepas (RAA) i BinbHYX CTIHOK
(RFW) Big 24 nauieHTis 3 O, SkumM 3giicHUNM npoleaypy
MiHinabipuHTYy, i Big 24 xBopwx i3 CP gocnignnu 3a gono-
MOrOt0 SIKICHOTO Ta KiflbKiCHOTO iMyHOMNyOpeCLEeHTHOro
aHanisy Ta BectepH-6rot. MopisHsHO 3 xBopumu i3 CP,
y BCiX navieHTis i3 Gl BuABUNM Aucperynsvjto cuHTesy /
ferpagauii konarery | Ta Il TvniB. TkaHWHHiI iHriGiTOpY
meTanonpoteiHas (TIMM-2) 3Ha4HO niaBULLEHI NULLe B
RAA npu ®I1. MNopieHsaHO 3 nauieHTamm 3 CP, konareH VI,
maTpuyHi metanonporteinasu MMIM-2, MMM-9 i TIMI1-1
ictoTHO nigBuweHi, a TIMIM-3 i TIMIM-4 3anuwanucs
HE3MiHHUMK B YCiX rpynax xsopux i3 ®f1. 36araueHun
umucreiHom 6inok i3 Kazal (RECK), Lo iHaykye peBepcito,
HELLoAaBHO BIAKPUTUIA iHriGiTop MMI, nigBueHuni y
RFW nopisHsiHo 3 RAA npu @I (p < 0,05), RFW — npu CP
(p <0,05). PiBeHb TpaHchopMyBanbHOro haktopa pocTy
TGF-beta1 Buwywin y pasi @1, Hix CP [21].

Y TpaHcrenHux muwen (Tg) 3i cneumdivHoo ans
cepus rinepekcnpecieto aktopa HeKpo3sy MyXnuHU-O
BUHUKaE MOB’si3aHa 3i CTaTTIO cepLieBa Aunartalis, Wwo
nporpecye, Ta cepLieBa He[oCTaTHICTb. Y AOCHIMKEHHSAX
exokapgiorpadiyHi BUMIptoBaHHS 3AINCHUNM ANS Knacu-
ikauii TsxkocTi CH' y camuis (M) i camok (F) Tg i gukoro
tvny (WT) muweit Bikom Big 4 fo 50 TuxHiB. Cepuesi
TIMI-1, TIMM-2 i MMI-3 (imyHObepMeHTHUIN aHani3)
i noteHuinHy (APMA-akTnBoBaHy) akTuBHicTe MMI1-9
BM3HaYanu B 0gHaKkoBOMY BiLj. 3umorpadis in situ oui-
HiOBana akTUBHICTb TKAHWHHOI enaTuHasau. CuctoniyHa
(hyHKLISA, PO3MIPU LLUMYHOYKIB i HAsSIBHICTb MNeBparbHNX
BUMNOTIB nokasanu Tsikky CH y monogwwmx muwen M Tg
(0o 18 TuxHiB) i craplumx F Tg (>34 TwekHi). HesanexHo
BiJ BiKy, CTaTi Y1 TSHXKKOCTi CepLEBOI HEAOCTATHOCTI MULL
Tg ekcnpecyBanu 3Ha4Ho Ginblue TIMI-1 i noTeHuiHy
aktvBHicTb MMIM-9. M Tg ekcnpecysanu nigBuLLEHUI
piBeHb MMTI-3, sikuii 36inbLuyBaBCS 3 BIKOM i TSDKKICTHO
CH. F Tg He nokasanu 36inblwenHss MMIM-3 vepes 4
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TWXXHI, arne BCTaHOBWIW NPOTPECHBHE 3BiNbLLEHHS 3 BIKOM
i TaxkicTio CH [22].

BviB4anu Takox BNnvB TPUMETA3NAVHY Ha OKWUCHHO-
BanbHWiA cTpec, ekcrpecito MMM-2 i MMIM-9 B ymoBax
pO3pUBY CepLid B MULLEN 3 iHhapkTOM Miokapaa. Muwuavi
mogeni IM BiATBOPEHO LUAXOM NEPEB’sA3KM NiBOI KOPO-
HapHoi apTepii B camuiB Muwen C57BL/6. 3a TBapuHamy,
Lo 3aryyeHi B rpyny BUNagKiB po3pwBy, peTenbHO cro-
cTepiranu NpoTarom 7 AHis. llicns BUSBNEHHS MEPTBUX
MULLEN 3INCHUNW PO3TVH A1 BCTAHOBIIEHHS MPUYMHM
cmepTi. 3a gonomoroto exokapgiorpadii Jocnigpkyeanm
poboty cepus. Mapkepu okucHoro ctpecy Ta MMI1
aHanisyBanu BectepH-6notTuHrom. BeraHosumnm, wo
TPUMETA3NANH 3HWU3UB YacTOTy PO3pUBY cepus nicns
IM 'y muwei. Excnpecia MMIM-2 i MMI1-9 y rpyni, wo
OTpUMyBarna TPUMETA3NANH, 3HA4YHO HUXKYA, HiX Y rpyni,
[e MyLLi ofepxyBanu qisionoriyHnii posyuH. Mpenapat
TaKoX NnocnabuB OKVCHIOBANbHWIA CTPEC, CPUYMHEHMI
IM, ockinbkvt TPUMETa3UAWMH MOMITHO 3HUXKYE iHAYKOBaHY
H,0, exkcripecito MMI1-2 i MMTT-9 [23].

AHxanis axoBoi nitepatypu, e HaBedeHO pesyrb-
TaTV JOCNIMKEHb HA TBAPUHHUX MOAENSX i B KMiHIYHNUX
yMOBaXx, CBif4MTb NPO AOCTATHIO KiNbKiCTb POBIT i3
BMBYEHHS eKCnpecii MaTpUKCHUX MeTanonpoTteiHas,
AKTVMBHOCTI iXHbOrO TKAHNHHOTO iHribiTopa B yMmoBax abo
nuLe nereHeBoi, abo nuwe kapgianbHoi naTonorii, a
TaKOX HE3HAYHY KinbKiCTb pobiT, Ae OLiHIOBaNM KniHivHe
3HaYeHHs Ta MOXIVBI MPOTHOCTUYHI acnekTy gucbanaxcy
CHUCTEMW MpOTeasu-aHTUNpoTeasn Ha Tni komopbigHoro
craHy IXC i XO3/1. Lie obrpyHTOBYE akTyanbHiCTb i CBOE-
YaCHICTb HALLOrO AOCHiIKEHHS.

HacTynHi gocnigxeHHs 3 Ljiei TeMu Ta HOBI cTaTuc-
TWYHI AaHi JagyTb 3Mory obrpyHTYBaTu NaToreHeTUYHy
acovjaLlito nopyLUeHb EH3MMATUYHOT aKTUBHOCTI, @ came
niaeuweHHs pisHa ekcnpecii MMI-9 i3 HeraTuBHUMU
nporHocTnaHuMmM npeayktopamm IXC / XO3[T (nopyLueHHs
BEHTUNALIRHUX NPOLECiB, CMMMaTo-BaransHoro 6anaHcy
Ta HU3bKOKO TONEPAHTHICTIO A0 (Di3UYHNX HABAHTaXEHD ).
3a3Ha4YMMO TaKOX, LLIO JOCHIIKEHHS AMHAMIKM CriBBiOHO-
weHHs MMI-9/TIMM, 3a gaHumm chaxosoi nitepatypy,
CBIOYNTb He nuLe Npo HeOoOXiAHICTb MOHITOPUHrY i-
6pOTMYHUX MpoLieCiB NpoTeoniTUYHOTO AncbanaHcy, ane
11 PO MOXIIMBOCTI iX BUKOPUCTAHHS SIK MPOrHOCTUYHOIO
npeaukTopa npw IXC Ha i XO3J1.

BucHoBKU

1. Y xBopux Ha IXC y noegHaHHi i3 XO3J1 BcTa-
HOBWINW NOPYLIEHHA (PEPMEHTATUBHOI aKTUBHOCTI
MO3aKMiTUHHOTO MaTpPUKCY, WO XapaKTepU3yeTbCS
CTaTUCTUYHO 3HAYYLLUMM 3POCTaHHAM PiBHSA eKcnpecii
MaTPWKCHWX METanonpoTeiHa3 i 3HKEHO aKTUBHICTIO
IXHbOTO TKAHWMHHOTO iHriBITOpa NOPIBHAHO 3 NPAKTUYHO
300poBUMM 0cobamu.

2. AHani3 piBHS ekcnpecii npoTeas i ixHbOro iHribiTopa
CBIOYMTb, LLIO NaLieHTm i3 komopbigHoto natonorieto IXC
Ha Tni XO3/ manuy 8,11 pasa 6inbLuy aktmeHicTe MMI1-9
(p < 0,05) Wwopo NokasHKMKa NPaKTUYHO 300POBHMX OCIO.
Mapametpu aktuHocTi TIMI y navjenTis i3 IXC Ha Tni
XOg3J1 popieHtoBanu 1,46 + 0,03 MKr/mm; Lie CTaTUCTUYHO
[L0CTOBipHO MeHLwe (Ha 53,21 %, p < 0,05) wopno nokas-
HUKa 3gopoBwx oci6 (3,12 + 0,01 mkr/mn).
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OpwuriHaAbHI AOCAIAKEHHSA

3. [locToBIpHI KopensLiiHi 38’s3kW Mix piBHeMm MMIM-9
i nokasHukom O®PB1 (r = -0,67, p < 0,05), napameTpom
LF/HF (r = -0,74, p < 0,05) cBiguatb, L0 nNpn enesavji
piBHs ekcnipecii MMT-9 BiabyBaeTbes BupasHille nopy-
LUEHHS! (PYHKLT 30BHILLHBOTO AMXaHHSA Ta 3CyB CUMna-
TO-NapacumnaT4Horo 6anaHcy B HanpsiMi cUMNaTUYHOT
aKTMBaLii i 3MEHLUEHHS BaryCHOro TOHYCy B MOAYNsLi
CepLIEBOro pUTMYy.

4. AHani3 4acToTW BWSIBNEHHS1 Noka3aB: B 0Ci0 y
BepxHboMy keapTuni MMI-9 gocToBipHO YacTile pee-
CTpyBanu NPOrHOCTUYHO HEraTWBHI NapaMeTpy GyHKLIT
30BHILUHBOTO AWXaHHS — i30MbOBAHE 3HKEHHS! iHAEKCY
TudHo (x? = 5,2 p = 0,03), a Takox BUPaA3HICTb 3aULLKM
26 GaniB 3a Lkanoto bopra nig yac ouiHoBaHHS nepe-
HOCHOCTI (Di3NYHMX HaBaHTaXeHb (TECT i3 6-XBUMUHHOIO
xoawboto, x2=7,3, p=0,02).

MepcnekTnBM noganbLUMX AOCNIAXKEHb NOMsraloTb
B OL|iHtOBaHHi AnHamikv piBHs MMIT-9 Ha Tni pi3Hux cxem
nikyaHHs nauieHTis 3 IXC y komopbigHocTi 3 XO3J1.
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OpwuriHaAbHI AOCAIAKEHHSA

EKcnepuMeHTaAbHO-MOPOAOTiuHE 00I'PYHTYBAHHA NPOPINaKTUKH
paHOBUX YCKAaAHEHDb NpU ¢ikcauil ciTuacToro iMnAaHTaTa KAeEM

AO TKAHMH YePEeBHOI CTIHKH

1. N. deneWTUHCBKUNEABCEF K A Aepkau®*ABCP 0, 0. Aapuk®®, M. B. OHnwko®B, K. M. LLiatpoBa®°

HaujoHaAbHWI yHIBEpCUTET OXOPOHK 3p00p0B’s YkpaiHu imeHi M. A. Lynwuka, M. Kuig, 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 po60oTu — 06r'pyHTYBaTV NpoinakTyKy paHOBKX yCKNaaHeHb npu dikcauii CiTkv kneem i3 cityactoro noniypetany (CIM)
[0 TKaHWH YEPEBHOI CTIHKW B EKCNIEPUMEHTAIIbHUX TBAPUH.

Marepianu Ta MeTogu. EkcnepumeHTansHe AOCHIMKEHHS 3aiicHunmM Ha 60 camusx nabopaTopHuMX LWypiB, AKUX NOAINMMN
Ha 3 rpynu. Y | rpyni (n = 21) citTyactuii imnnaxTart i kpai panu dikcysanu kneem i3 CI1 3 aHtucentukom; y Il (n = 24) — niraty-
pamu; y Il (n = 15) — po3pi3 M'sI3iB | paHy 3awwmsany niratypamu. 3a TBapuHamu croctepirani 30 Ai6, ouiHBaNM 3aroeHHs
paHu, HasiBHICTb ycknaaHeHb. MopdonoriyHe gocnimkeHHs BukoHanu Ha 7 i 30 goby. OuiHioBanu 03Hakv NPOPOCTaHHS CiTKK
CMOMYYHOI TKAHWMHOI Ta HasABHICTb 3ananeHHs TKaHWH HaBKOMO CIiTKM.

Pesynkrati. Y | rpyni Yactota BUHUKHEHHS! YCKIaAHEHD | TEPMiHV 3aroeHHs paHu Bynin meHwmy nopisHsHo 3 1l Ta lll rpynamu.
Cepoma BusieneHa B 1 (5,3 %) t8apuHm 3 | rpynu, y 7 (33,3 %) i3 Il rpynu, y 3 (23,1 %) wypis i3 Il rpynu; iHikyBaHHS paHn
3adikcyBanm B 1 (5,3 %) TBapuHu 3 | rpynn, y 4 (19,1 %) i3 Il rpynu, y 2 (15,4 %) wypis i3 Ill rpynu. TepmiH 3aroeHHs paHu y
| rpyni cTaHoBuB 7 (6; 8) anis, y Il - 13 (12, 14), y Ill = 11 (10, 12) aHis (p < 0,05). Pesynkrati cnoctepexeHHs nigTBepmkeHi
mopdonoriyHo. Tak, y | rpyni BUSIBNEHO LWBMALLMIA NPOLIEC NPOPOCTAHHS CITKW KONareHOBMMM BOMOKHAMM Ta 3aroeHHs paHu,
LU0 BU3HAYMIK 3@ NEPEBaXaHHAM BOMOKHWUCTOMO KOMMOHEHTA Had KNiTMHHUM Y AvHamidi (p < 0,05) Ta dhopmyBaHHAM cro-
MyYHOTKAHWHHOT kancynu Haskono Cl1 i3 npopocTaHHsM KOmareHoBWX BOMOKOH BriG Kancynu.

BucHoBku. BUKOPVCTaHHS KIEto Ha OCHOBI CITYACTOro NoniypeTaHy 3 aHTUCENTUKOM ANs dpikcauii ciTyacToro imnnaHTaTa ao
TKaHWH YepeBHOI CTiHKW y NabopaTopHWX TBapWH MiATBEPIXKYE MO0 BULLY €DEKTUBHICTb MOPIBHAHO 3 TPaAMLIHOW dikca-
uieto niratypamu. Lle cnpuunHeHo 36inbLUEeHHAM BiZHOCHOT MIOLLi BOMIOKHUCTOTO KOMMOHEHTA Ta 3MEHLLEHHSIM KIITUHHOMO
KOMMOHEHTa CMOIyYHOI TKAHWHW B AVHAMIL, MEHLLOI BUPAXEHICTIO reMOAMHaMIYHNX NOPYLUEHb Ha AinaHKkax dikcauii citkn
Ta NPOPOCTaHHSIM KOMareHOBMX BOMOKOH BIMNG Kancynu, a Takox 3MEHLLEHHSM YacTOTU BUHVKHEHHSI CEPOMU Ta TpUBanNoCTi
3aroeHHs paHu. HaeepeHi hakTy 06rpyHTOBYOTb BUKOPUCTAHHS! KIEH HA OCHOBI CITYACTOro NoniypeTaHy 3 aHTUCENTUKOM Y
KNiHIYHIN NpakTULi AN NpoginakTyKy paHOBKX YCKNaAHEHb Nif Yac anorepHionnacTuku.

Experimental and morphological justification of the prevention of wound complications
during fixation of the mesh to the abdominal wall tissues with composite

Ya. P. Feleshtynskyi, K. D. Derkach, 0. O. Diadyk, M. V. Onyshko, K. M. Shatrova

The aim of the study is to justify the prevention of wound complications during fixation of the mesh to abdominal wall tissues
with cross-linked polyurethane (CP) composite in experimental animals.

Materials and methods. An experimental study was conducted on 60 male laboratory rats, which were divided into 3 groups.
In group I (n = 21), the mesh and wound edges were fixed with CP composite with an antiseptic, in group Il (n = 24) — with
ligatures, in group Ill (n = 15) muscle incision was performed and the wound was sutured with ligatures. The animals were
observed for 30 days, wound healing and the presence of complications were evaluated. Morphological examination was
performed on days 7 and 30. Signs of mesh germination by connective tissue and presence of tissue inflammation around
the mesh were evaluated.

Results. The observation results showed that in group |, the incidence of complications and the duration of wound healing
were lower comparing to groups Il and Ill. In group |, seroma was detected in 1 (5.3 %) animal, in group Il —in 7 (33.3 %),
in group Il —in 3 (23.1 %), infection of the wound in 1 (5.3 %) animal of group |, in 4 (19.1 %) of group Il and in 2 (15.4 %)
of group Ill. The term of wound healing in group | was 7 (6; 8) days, in group Il — 13 (12; 14), in group Ill —11 (10; 12) days
(p < 0.05). The results of observation were confirmed morphologically, namely, in animals of group |, faster process of mesh
germination with collagen fibers and wound healing were revealed, which was confirmed by the predominance of a fibrous
component over the cellular one (p < 0.05), and the formation of a connective tissue capsule around the CP with the germi-
nation of collagen fibers deep into the capsule.

Conclusions. The use of the cross-linked polyurethane composite with an antiseptic to fix the mesh implant to abdominal
wall tissues in laboratory animals confirms its higher efficiency compared to traditional ligature fixation, by increasing the
fibrous component of connective tissue and reducing the cellular component and hemodynamic disorders in dynamics,
by the germination of collagen fibers deep into the capsule in the areas of mesh fixation, reduced occurrence of sero-
ma and duration of wound healing, which justifies its use in clinical practice for prevention of wound complications in
allogernioplasty.
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XipypriyHe MiKyBaHHS PUX XMBOTa 3 BUKOPUCTAHHAM
CiTYacToro iMnnaHTata € MeTogoM BubOpY, ane 3Hadvy-
L0 NPobnemMot 3anmLLaTLCS PaHoBI NicnsonepavinHi
yCKNaJHeHHs (cepoma, iH(iKyBaHHS paHM Ta HOpULi
nepenHbOi YEpEBHOI CTiHKM), L0 BUHWKAKOTL Ha AinsHLUi
hikcavii citkm [1,2].

Cepoma 30e6inbLUIoro BUHWKAE MiCNs anonnacTuku
TPVK XKMBOTA BENMKWX i TiraHTCbKWUX PO3MIpIB, 38 AaHUMK
aBTopis, ii BuaBnaTb y 9,3-57,0 % nauieHTiB [3,4].
Pu3nK BMHUKHEHHS cepomu 3pocTae npy OpMyBaHHI
«MepTBMX» NPOCTOPIB MiX CITKOK, anoHEeBpO30OM i Mig-
LUKIPHO-XWUPOBOK KMiTKOBUHOW [4,5]. JlikyBaHHS LbOro
ycKnagHeHHst nepepbavae NOBTOPHI acnipauii ekcynary
nig ynsTpa3ByKoBUM KOHTporem. Tpusana cepoMa Moxe
iHcpikyBaTuch y 2,5-10,3 % Bunagkis [6,7,8]. IHikyBaHHS
CepomMy Npu3BOAUTb A0 iHAiKyBaHHSA nicnsionepauinHoi
paHu, MOJOBXYKOYM TepMiH nepebyBaHHS XBOPOro B CTa-
LioHapi. [pu 3anyyeHHi B NpoLec CiT4acToro iMnnaHTata
HeoOXxiaHa NOBTOpPHa onepaList 3 MOro eKcraHTaLlieo Ta
BUHWKHEHHAM peuuausy rpuxi [9,10,11].

Ockinbkut SHOM iHIKOBaHOT paH1 Y1 HOPULL NepeaHLOI
YepeBHOI CTiHKM € niratypa abo finsHka CiTku, O He Npo-
pocra Cromny4YHO TKaHUHOK B MicL 1T chikcaLlii niratypamu,
HeOoOXiAHO OLHMTW ponb niraTypy y NaToreHesi MicLeBnx
nicnsonepauiiHnxX ycknagHeHb A5 nowyky eekTUBHUX
meTogiB npodinakTukm [12].

Ha Hally AymKy, 3aCTOCyBaHHS KIet Ha OCHOBI CiT-
yactoro noniypetany (CI1) 3 aHTucenTukom Ans dikcauii
CiTK Ta 3'€AHaHHA KpaiB nigLKipHOi paHu 6e3 niratyp
3HU3NTb PU3NK BUHUKHEHHS PAHOBWX YCKMafHeHb Micns
arnonnacTuku rpUK X1BoTa.

Merta po6otu

OBrpyHTyBaTV NPOINAKTUKY PaHOBWX YCKMaAHEHb Npu
hikcavji noninponineHoBoi CiTkK KNEeeMm i3 cityacToro noni-
ypeTaHy 40 TKaHUH YePEBHOI CTIHKW B EKCIEPUMEHTaNbHUX
TBapWH.

Martepianu i meToAU AOCAIAKEHHA

3aiicHUNM ekcnepUMEHTanbHO-MOPAIONOriYHE AOCTIMKEH-
Hs1 Ha 60 cTaTeBo3pinMx camusx nabopaTopHUX LLypiB
ninii Wistar. lotpumysanucs npuHumnis €8poneicbKoi
KOHBEHLIii 3 3axucTy TBapuH (1986 p.) i 3akoHy YkpaiHu
«[Mpo 3ax1cT TBapWH Bif XXOPCTOKOrO MOBOMKEHHS» [13,14].

Ycim TBapuHam onepaLii BUKOHanu nig 3aranbHot
aHecTesieto (TioneHTan Hatpito 0,2 mr/kr B/M). 3anexHo
Bif BXUTUX NPOINakTUYHUX 3ax0diB LOAO paHOBUX
ycKnagHeHb nabopaTopHuX LLypiB NOAINMAW Ha 3 rpynu.
Y tBapwH | rpynun (n = 21) nig Yac XipyprivHoro BTpyyaHHs
LUISXOM CepefuHHOI NanapoToMmii noninponineHoBui
CiTYaCTWVA iMIIaHTaT po3MilLlyBanu nig M’a3amu XuBoTa
Ta (pikcyBanu KNeem Ha OCHOBI CITYaCTOro noniypeTtaHy
3 @aHTMCENTUKOM, LIKIPHO-NIALKIPHI Kpai paHn 3'eaHy-
Banu Takox krneem (puc. 7). Knei Ha oCHOBI ciT4acToro
noniypeTaHy 3 aHTUCENTMKOM MPOMLIOB KOMMIEKCHI
MeaMKO-6ioNnoriYHi 4OCNIMKEeHHS, QOKMIHIYHI, KNiHIYHI #
kBanicikaLliiHi BUNpoByBaHHS1, 32CTOCOBYETLCS Y KMiHIYHIN
npakTuui, 3okpema B odpransmonorii [15,16]. Y Il rpyni
wypiB (n = 24) ciTyacTui imnnaHTaT po3millyBanu nig
mM's3aMu Ta dikcyBanu TpaanLIiHO NOniNpPonineHOBUMM
HuTkamm Ne 3/0, LwKipHO-NIALLKIPHI Kpai paHW Takox 3Luu-
Banu Hutkamm (puc. 2). Y Il (KOHTpOnbHiIit) rpyni TBapuH
(n = 15) BMKOHyBamM po3pi3 M'A3iB YEPEBHOI CTIHKM Ta
3awwwvBanu paHy noninponineHosumm niratypamu Ne 3/0.
3 eKCnepuMeHTy TBapyH BMBOAWIMN Y PIBHil KinbKOCTI
3 KOXHOI rpynu LUNSXOM Nepeao3yBaHHs TiONEeHTanom
HaTpito yepe3 7 Ta 30 fi6 nicns imnnaxTauii.

Y nicnsonepauiiHomy nepiogi B ymoBax BiBapito
wypam 3abesnevyBanu fornsg BiZnOBiAHO 4O BUMOT
HOPMaTUBHUX AOKYMEHTIB OO 3aXUCTy TBAPWH, SKNX
BUKOPWCTOBYHOTh i3 HAYKOBMUMY Liinsimu. 3okpema, npoTs-
rom nepLumx 3 ai6 TBapuH 3HebontoBanm 50 % po34ynHoOM
aHanbriny B fosyBaHHi 50 Mr/kr y noeaHaHHi 3 1 % pos-
YMHOM AMMepony B po3paxyHKy 1,5 Mr/kr aBidi Ha AeHb.
AHTnbakTepianbHy Tepanito He 3actocoByBanu [13,14].

Puc. 1. Tpyna |. ®ikcauisi ciTku kneem i3 ciTyacToro nomiypetaHy nig M'3aMu YepeBHOI CTiHKW.

Puc. 2. Tpyna Il. dikcaujis citkv niraTypamu nig M’s3amMn YepeBHOI CTiHKN.
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3a nabopatopHUMK TBApUHaAMK CriocTepiran NpoTs-
rom 30 gi6, ouiHOBanM 3aroeHHs micnsionepaLinHoi paHu,
HasIBHICTb YcknagHeHb (cepoma, iH(ikyBaHHS paHu) y
tBapuH |, Il Ta Il rpyn, nopiBHIOBanu nokasHWkmM y rpynax.

Ha 7 i 30 noby B ekcnepumeHTanbHUX TBapuH Gpanm
(hparmMeHTI TKaHNH YePEBHOI CTIHKM pa3oM i3 parmeHTamm
CiTKM Ta niratypamn Ans MopornoriyHoOro JOCTIMKEHHS,
ke 3AiACHUNN Ha kadbedpi naTornoriyHoi aHaToMii Ta cy-
[0BOI MeauLmHN HauioHanbHOro yHiBepCUTETY OXOPOHU
300poB’sa Ykpaitv imeHi 1. J1. LLynnka. PparmeHTvt TkaHuH,
Lo ogepxanu, cikcysanm y 10 % po3umHi HeMTpansHOro
3abydepeHoro chopmaniHy (pH 7.4) npotsrom 24—48 roguH.
MMicns tikCyBaHHA 3QINCHUNM CTaHOAPTHE NPOBEAEHHS B
anaparti Excelsior AS (Thermo Fisher Scientific, Benvka
BpuraHis), 3anunu B napadiH Ha anapari HistoStar (Thermo
Fisher Scientific, Benvika bputaHis). 13 napadiHosux Grokis
Ha potauiiiHomy mikpotomi HM 325 (ThermoShandon,
Benuka BputaHist) BUrOTOBWUIM CEPIiHI FiCTONOriYHI 3pian
3aBTOBLUKM 2—3 MKM, siki NOTiM 3abapBrnioBanu remaTokcy-
NIHOM i €031HOM, NiKPOHYKCMHOM 3a BaH [i30HOM [17].

MikpockoniyHe Ta MopdoMeTpuUYHe OOCHIIKEHHS
BUKOHanW Ha Mmikpockoni «Olympus BX-41» (AnoHig),
BuKopucTaBLuy nporpamy «Olympus DP-soft» version 3.1,
npw 36inbLueHHi X400 y 10 nonsix 30py KOXHOIO BUNaaKY.
BusHaunnu BigHocHy nnoy (%) CyAWHHOrO, KIiTMHHOTO
Ta BOSTOKHUCTOTO KOMMOHEHTIB Y rpaHynALinHii TKaHWHI.

OujHtoBanu MopdonorivHi 03HaKKU NPOPOCTaHHS CiT-
4acToro iMMMIaHTaTa Croy4YHOK TKAHUHOK Ta HasiBHICTb
3ananeHHs TKaHWH Ha AinsHkax dikcauii citkv B8 | 1a Il
rpynax, nopiBHioBan 3 NokasHNKaMm KOHTPOMBHOI rpynut.

CraticTyHO pesynsTaTv onpaLtoBany, BUKOPHUCTaB-
WK niyeHsiiHy Bepcito nporpamu STATA 12.1 (cepiiHuin
Ne 40120578442). BusHayatoum MeTod MiXrpynoBoro
MOPIBHSIHHS, Hacamnepes OLiHoBan1 HopManbHICTb pos3-
noginy 3a kputepiem Lanipo-Binka. Mpynu nopisHtoBanu
3a U-kputepiem Kpackena—Bonnica (P(KW)), a Takox 3a
KpuTepieM xi-ksagpat (TouHui kputepin ®iwepa, P(X2))
ANS NOPIBHSIHHS BiAHOCHWX MOKa3HWKIB MiX ABOMa rpyna-
MU, NS NOPIBHAHHS MOKa3HWKIB y AMHAMILi (MOB’sA3aHnX
CyKYMHOCTeM) 3acTocoByBanu kputepii Binkokcona (P(W)).
Pesynbrati penpeseHToBaHO Sk MefiaHa Ta ksaptuni— Me
Q,; Q).

Pe3yabTati

3a pesynsratamu cnocTepexenHs, Ha 3-5 foby nicns xi-
PYPri4HOrO BTPyYaHHs BUSBIMW 03Hakm cepomun B 1 (5,3 %)
TBapuhm 3 | rpynm, y 7 (33,3 %) i3 Il rpynn, y 3 (23,1 %)
wypis i3 Il rpym (p,_, < 0,05, x* = 4,91). IHhikyBaHHA paHi
3adikcoBaHo B 1 (5,3 %) ocobunm 3 | rpynm, y 4 (19,1 %)
i3 I rpynu, y 2 (15,4 %) nabopaTopHyX LLypiB KOHTPOIb-
Hoi rpynu. Y | rpyni 3arurynn 2 (9,5 %) ocobuhm, y Il — 3
(12,5 %), y Il -2 (13,3 %) TBapWHU. TepMiH 3aroeHHs paHu
MeHLmi y | rpyni nopiBHaHO 3 nokasHukom Il Ta Il rpyn,
cTaHoBwB 7 (6; 8) aHis (y Il rpyni — 13 (12; 14), y Il - 11
(10; 12) gHis) (p < 0,05).

PesyneTrat cnoctepexeHHst NigTBEpMKEHO AaHUMM
mopchororiYHoro gocnimkeHHst. Ha 7 goby B nabopatopHux
TBapWH | rpynu BU3HAYMNK NOYATKOBI NPOSIBY pereHepaLlii
3 PO3POCTaHHAM MOJI0AOI CNOMYYHOI TKaHWHK Ta 3anuLl-
KOBi [iereHepaTvBHi npouecH, Lo XapakTepuaysanucs
30e6inbLUoro HabpsKoBMMM 3MiHamMK. B 30Hi po3pocTaHHs
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rpaHynsLiiHOI TKAHWHM BU3HAYanw KNituHm chibpobnacTuy-
HOro, MaKpogaranbHOro psay Ta NOOAUHOKI HENTPOMINbHi
nenKounTH, NIMOLMTI Ta MOHOLMTI. BusiBunm ginsHku
rPaHyNALNHOI TKAHUHM HABKOIO CITYACTOro noniypeTaHy
3 03HaKaMy POpMyBaHHS CMOMYYHOTKAHWHHOI Kancymu,
Ha okpemwx ii 4insHKax BiAbyBanocs NpoOpOCTaHHS TSXIB
Cronyy4HoI TKaHWHM BrmMG noniMepHoro 3paska, Lo MaB
nopucTy CTPYKTYpY (puc. 3). BigHocHa nroLLa BONOKHACTOrO
komnoHeHTa ctaHosuna 40,85 (39,52; 41,45) %, BusiBunm
ii nepeBaxaHHs Hag KniTuHHUM (33,65 (32,45; 34,12) %) i
cyanHHum (26,10 (25,70; 26,63) %) kKoMNOHeHTamu.

Mig vac pocnigpxeHHs 3paskis, B3aTux y Il rpyni na-
60opaTopHUX LLYpIB, Y AiNsiHKAX HABKOMO CiTkW Ta miraTyp
BU3HAYMNM HAabpsIK, AereHepaTyBHI NpoLiecy, 3adikcysanm
BUPaXKEHY KITITUHHY iH(INBTPALit0 3 HASIBHICTIO BEMWKOI KiNlb-
KOCTi HEMTPOWINbHWX NENKOLMTIB, MIMGOLMTIB, MOHOLWTIB
i riraHTCbkMX GaraTosiAepHUX KMiTUH 3@ TUMOM CTOPOHHIX
Tin. BcTaHOBMNM BUPaXEHi NOPYLLEHHS reMogUHaMIKX, Lo
XapaKTepu3yBanucst HabpsSIKOBMMM 3MiHaMW, MOBHOKPOB'IM
CY[VH, BOTHULLEBVMMW KDOBOBUIMBaMMY; Y CyAMHAX BUSIBUANW
AMCMYKOI03, 03HaKW BackyniTy. Ha okpemux AinsHkax €
30HW PO3POCTaHHS HE3PINOI CMOMYyYHOI TKaHUHK (puc. 4).
BigHocHa nnoLwa KNiTMHHOro KOMMOHEHTa 0CTOBIPHO Binb-
LU NOPIBHSAHO 3 nokasHukoMm | rpynu (p < 0,05), cTaHoBMNa
59,72 (58,39; 61,41) %; BiZHOCHI NMOLLi BOMOKHUCTOrO Ta
CyOMHHOTO KOMMOHEHTIB AocTOBipHO (p < 0,05) MeHLui:
26,80 (25,84;26,96) % 13,30 (12,61; 14,92) % BignosigHo.

Y I (KOHTPOMbHIl) rpyni BU3HAYMAN CXOXKY MOP-
chonoriyHy kapTuHy. OgHak, Ha BigmiHy Big Il rpynu,
[iereHepaTuBHI MPoOLECcK Ta reMoauHamiuHi NopyLIEHHS
manv 30e6inbLIoro HepiBHOMIPHUIA BOTHULLIEBUIA XapakTep
BHACIigoK HabPSIKOBMX 3MiH. BUSBNSINM NOOAMHOK iNsiHKM
3 IHTEHCVBHO HEMTPOMINBHOLO IHAINBTPALLErD, BOTHWLLEBO
BUPaXeHOI0 niMcoMakpodarasibHO 3 JOMILLIKOK MOHOLW-
TiB iHGpinbTpaLieto HaBkoro niratyp (puc. 5). BigHOCHI nnoLwi
BOMOKHWUCTOTO, CyAMHHOTO Ta KIiITUHHOTO KOMMOHEHTIB CyT-
TEBO He BiApI3HANMUCH Bif BiANOBIAHWX MOKa3HUKIB | rpynu,
craHoBnsa4mn 42,56 (40,25; 42,83) %, 23,75 (22,72; 25,48) %
i 33,68 (32,85; 34,65) % BignosigHo. MopisHsaHO 3 I rpynoto
BiZHOCHI NNOLLi BONOKHUCTOTO Ta CyOAMHHOTO KOMMOHEHTIB
Manu JOCTOBIPHO BinbLLi 3HAYEHHS!, @ KIITMHHOTO — BipO-
rigHo MeHLWi (p < 0,05).

Ha 7 poby B | Ta Il rpynax BusiBUnM TeHOEHLO A0
MPOPOCTaHHS iMMIaHTaTa CNoMy4YHOK TKaHWHOW, A03pi-
BaHHA sKoi 6inbLu BupaxeHe B | rpyni. Lie ninTeepmkeHo
6inbLUO BiHOCHOHO NIOLLEH BOMTOKHUCTOTO KOMMOHEHTA
(p < 0,05) B win rpyni nopieHsiHO 3 Il rpynoto. Brim, y rpyni |l
BW3HAYMIV ICTOTHILLI reMOAMHAMIYHI NOPYLLIEHHS BHACTIAOK
HabpsikoBMX 3MiH. Ha HaLly fymky, Lie 36inbLuyBano iMoBip-
HICTb BUHWKHEHHS CEPOMMU B MicrnsonepaLiiHoMy nepiogi.
BuparkeHa nimcporicTiouuTapHa iHinbTpaList HaBKOMO CiTKW
Taniratyp y Il Ta lll rpynax caiguuna npo niasuLLEHNA UK
iHthikyBaHHS, ocobrveo y Il rpyni; Le ninTeepaxeHo Binb-
LLIM NMOKa3HMKOM BiJHOCHOI NMOLLi KMiTMHHOIO KOMMOHEHTa
(p <0,05) y Il rpyni nopiBHsHo 3 | Ta lll.

Y1, [l talll rpynax Ha 30 foby 3binbLuyBanacs KinbkicTb
NOKYCIB rpaHynsLiiHOT TKAHUHW NOPIBHAHO 3 JaHUMU Ha 7
A06yY, Lo CBiAYMIIO Npo MPoLecy pereHepaLii Ta 3aroeHHs
paHu. Y | rpyni 3MeHLLyBanacs BUPAXeHICTb NOpyLLEeHb
reMoAuHamiky 30e0inbLIoro BHACMiAOK 3MEHLLEHHS BU-
paxxeHoCTi HabpsKy. KinbKiCTb KPOBOHOCHWX CyOMH Mpu
LIbOMY CYTTEBO 3pOCTana, KNiTWHHa iHdinkTpaLis Habysana
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Puc. 3. Tpyna |. ®parmMeHT TKaHUHM 3 BUPaXEHUM HabpsikoM, MOYATKOBUMM NPOSiBAMU PO3POCTaHHS HE3PINOi CMONYYHOT TKaHWHW, BOTHULLEBA 3ananbHa KNiTWHHA iHginbTpaLis
(cTpinka). 3abapBneHHs remaTokcuniHOM Ta eo3nHoM, x100.

Puc. 4. Tpyna Il. ®parmeHT TKaHUHM 3 BUPXXEHUM HAaBPSIKOM, 3ananbHui KNITUHHWIA iHGINETPaT HABKONO 3aNMLLKIB CITKW (CTpiNka), pO3pOCTaHHs rpaHyNsILiiHOT TKaHWHU, AUCMY-
K0ifj03, NOOANHOK FiraHTCbKi GaraTosiAepHi KNiTUHYM 3@ TUMOM CTOPOHHIX TiN. 3abapBreHHst reMaToKCUiHOM Ta e03uHOM, x50.

Puc. 5. T'pyna IIl. ®parmeHT TkaHWHM 3 HABPSKOM, BOTHULLIEBE PO3POCTAHHS MPaHYMALIAHOT TKaHWHN, BOTHULLEBA KNITMHHA 3ananbHa iHginsTpaLis (cTpinka). 3abapeneHHs rema-
TOKCUMIHOM Ta eo3nHoM, x100.

Puc. 6. Mpyna |. Po3pocTaHHs Cony4Hoi TKaHWHK, WO A03piBae, HABKOMO CiTKW (CTpiNka), BOrHWULLEBA KMITMHHA iHEINbTpaLlis, NOMIPHO BUPaXKeHi reMOAMHaMIUHI MOPYLLEHHS.
3abapeneHHs 3a BaH lM3oHom, x50.

Puc. 7. pyna Il. Po3poctaHHs cnomy4Hoi TKaHWHW Pi3HUX CTYMEHIB 3pinocTi HABKOMO 3anMLLKIB NiraTypu Ta CiTku (CTpinka), cnabo BupaxeHa BOTHULLEBA KNiTWHHA iHAInbTpaLis.
3abapsneHHs 3a BaH i3oHoM, x50.

Puc. 8. I'pyna IIl. Po3poctaHHs CnonyyHoi TKaHWHM Pi3HUX CTYNEHIB 3pinocTi, BOrHMULLEBA KNITMHHA iHdinbTpaLis. 3abapeneHHs 3a BaH [MizoHom, x100.

192 ISSN 2306-8027  http://pat.zsmu.edu.ua Pathologia. Volume 20. No. 2, May — August 2023



NepeBaXXHO BOrHULLIEBOTO XapakTepy. BonokHUCTUI koMno-
HEHT MPEACTaBMNEHU TOHKOHO 3PN CNOMYYHOTKAHUHHOK
Karncynow HaBKOMO CiT4acTOro MosiypetaHy, a Takox
BU3HAYMNM NPOPOCTAHHS OKPEMMX KOMareHOBMX BOMOKOH
y ToBLLYy nopucToi cTpykTypu CI (puc. 6). MopiBHsHO 3 7
106010 BigHOCHA NoLLia BONIOKHUCTOO KOMMOHEHTa 36irb-
wunacs, craHoensaum 61,05 (60,32; 61,89) %, a kniTuHHOrO
Ta CYAMHHOTO KOMMOHEHTIB 3MeHLumnacs — 23,57 (22,45;
24,15) % i 15,90 (14,62; 17,50) % signosigHo (p < 0,05).

Omxe, BusBneHi Ha 30 o6y natomopdhonoriyHi 3MiHM
y | rpyni, ge ans dikcadii CiTkM BUKOPUCTOBYBaNu Knemn Ha
OCHOBI CITYACTOrO NOMiypeTaHy 3 aHTUCENTUKOM, CBIZYNIN
Mpo pereHepaTopHi NpoLEecK, 30Kkpema Npo 3aroeHHs paHu
Ta PiBHOMIPHE MPOPOCTaHHs CiTYacToro iMnnaHTaTa cno-
NYYHOHO TKAHVHOHO.

Y Il rpyni Ha 30 goby 36inbwmnacs BigHocHa niowa
BOMOKHUCTOrO KOMMOHEHTa CMOMyYHOT TKAHWHWU, CTaHOB-
nsumn 36,45 (36,25; 38,54) % (p < 0,05). Lle cigumno
NPO TEHAEHLI0 [0 3aroeHHsl paHu, NpoTe Yy CromnyyHin
TKaHWHi, L0 OTOYyBana CiTky Ta niraTypu, reMoguHaMivHi
MOpYLUEHHS XapaKTepu3yBanucs noMipHUMK Habpsikosu-
MU 3MiHaMW, NOBHOKPOB'IM CYAVH, APIGHOBOrHNLLEBMMU
kpoBoBunvBamu. KnituHHa iHinsTpauis mana BorHuLe-
BUI XapakTep, LLO NiATBEPLKEHO 3MEHLLIEHHSIM BiZHOCHOI
MOLLi KNITMHHOTO KOMNOHeHTa A0 41,94 (41,12; 43,21) %
(p < 0,05), Ta 6yna 3aebinbLuoro nimdoricTiounTapHo
3 HEBENUKOK KiNbKICTO HENTPOMINbHUX NENKOLUTIB,
AKi nokanisyBanucs nepeBaXHO HaBKOMO Niratypu Ta
3anuLLKiB CiTku (puc. 7). MopisHsHO 3 | rpynoto BigHOCHA
MroLa BOMOKHUCTOrO KOMMOHEHTa AOCTOBIPHO MEHLLa,
a knitnHHoro — 6Ginbwa (p < 0,05). Lle ceiguuno npo
NOBIMNbHiLLi NpoLecu pereHepadii B Il rpyni.

Y Il rpyni BUSIBUAM O3HAKW 3arOEHHS paHu, Mpo Lo
CBiYMNO 30iNbLIEHHS BiAHOCHOI MMOLLi BOMOKHUCTOrO
KomnoHeHTa o 62,38 (61,37; 63,74) % i 3MeHLeHHs Kni-
TMHHOTO KOMMNOHEHTa 10 22,97 (21,78; 23,73) % (p < 0,05).
BTim, HaBKono niraTyp BU3HAYMNW BOTHWLLEBY KNITUHHY
iHChiNLTPALLito Ta MOMIPHI reMOAMHAMIYHI MOPYLLEHHS!, CXOXi
Ha 3MiHw, Wo BusieneHi y |l rpyni (puc. 8).

Ha 30 po6y B I, Il i Il rpynax cnoctepiranu mopdo-
MOriYHi NPOSIBM pereHepaLlii, 30Kpema 3aroeHHs paHu Ta
MPOPOCTaHHS CITKX CNOMYYHO0 TKaHWHOL. BTim, y I rpyni
HaBKOMO KpaiB CiTKW Ta NiraTyp BU3HAYMNM BOTHULLEBI 30HM
MepeBaXHO 3 MOMIPHO BUPAXEHO NiMoricTiouMTapHo
iHbinbTpaLieto, HabPSK | reMoaMHaMIYHI MOPYLLEHHS, BCTa-
HOBWIM MEHLLi NMOKA3HMKM BiHOCHOI NMOLL BONIOKHUCTOrO
KOMMOHEHTa, BinbLui — KniTuHHOro (p < 0,05) NopiBHAHO 3
| Ta lll rpynamun. Ha Hawwy aymky, Le npu3BoauTb 40 Nopy-
LUEHHS TPOMIKM TKAHUH LX AiMSHOK, YMOBINbHIOE 3ar0EHHS
Ta NopyLLYye NpoLEC NPOPOCTaHHS KPaiB CITK COMYyYHO0
TKaHUHOI0, @ OTXe MOXE CPUYMHUTI PaHOBI YCKNaAHEHHS.

06roBopeHHA

Pesynkrati cnoctepexeHHs 3a TBapyHaMu Nokasanu, Lo
y | rpyni yacToTa BUHUKHEHHs cepom (p,, < 0,05) Ta Tep-
MiHW 3aro€HHs paHn Bynu 3Ha4HO MEHLLMMU MOPIBHSHO 3
nokasHukamu B |l Ta lll rpynax (p < 0,05); ue nigTBepaxeHo
pesynsratamy MopdornoriyHoro AoCAimKeHHs. Y TBapuH |
rpynu, SKUM CITHaCTUI IMANaHTaT (ikcyBanm Kreem Ha oc-
HOBI CITYaCTOro NoniypeTaHy 3 aHTUCENTUKOM, crocTepirant
LUBWALLIMIA NPOLIEC NPOPOCTaHHS CITKW KonareHoBUMI BOTMO-
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KHamu Ta 3aroeHHst paHu. Lie nigTBepmxeHo 36inbLUeHHAM
BiAHOCHOI MOLLj BOMIOKHUCTOrO KOMMOHEHTa B AuHaMIL
(8in 40,85 (39,52; 41,45) % po 61,05 (60,32; 61,89) %) Ta
3MEHLLEHHSM KIITUHHOTO KOMMOHeHTa (Big 33,65 (32,45;
34,12) % po 23,57 (22,45; 24,15) %) (p < 0,05), a Takox
¢hopMyBaHHSM CIONY4HOTKaHUHHOI kancyni Haskono CITi3
MPOPOCTaHHSM KONareHOBWX BOIIOKOH BrnnG kancynu. Cko-
POYEHHS! TEPMIHIB 3aroeHHs paHu B | rpyni nigTBepapKeHo
GiNbLUOKO BiZHOCHO NIOLLEK BOMIOKHUCTOrO KOMMOHEHTa
CrOIy4HOI TKaHWHW Ha 7 i 30 0By NOPIBHSHO 3 MOKa3HUKOM
Il rpynu (p, , < 0,05).

3a paHuMmn haxoBoi NiTepaTypu, Kren i3 cityactoro
noniypetaHy xapakTepuayeTbCst BACOKUM CTyneHeM aaresii
[0 M'SI30BO-anoHEBPOTMYHOI Ta XKMPOBOI TKaHUHM [15,16].
Lle cnpuisie 3MeHLIEHHI0 pranky DOPMYBaHHS «MEPTBUX»
MPOCTOPIB MiXX M’A30BMMM Ta MiALLKIPHO-LLKIPHAMM LLapamm
paHu, a oTxe 3anobirae BUHUKHEHHIO cepomu [4,5]. Came
Li npoLiecu crocTepiranyt B eKCnepuMeHTi Ta NigTeepannmv
pesynsraTamit JOCHiMKEHHS.

HasBHicTb y cknapgi knew aHTUCENnTUKa 3MEHLLYe
PU3MK iH(iKyBaHHS, @ BiACYTHICTb niratyp Ana dikcauii
ciTkvt 3anobirae hopMyBaHHIO NiraTypHUX HOpUL Nepes-
HbOi YepeBHOI CTiHKKL. Lle miaTBepmKeHO pesynsratamu
[OCRimKeHHs, OCKiNnbkW y TBapuH |l rpynn, y sikvx dikcalio
CiTKM O TKaHWH YEPEBHOI CTIHKM BUKOHAHO TPaaMLiiHO
niraTypamu, BUSIBUNW BUPAXeHi KNITUHHI peakuii 3 nimgo-
ricTioyuTapHoo iHQINLTpaLietd HaBKOMO CiTKM Ta niraTtyp,
BCTAHOBWMM BinbLuy BiAHOCHY NAOLLY KMITUHHOMO KOMMO-
HEHTa CMony4HOI TKaHWHW NOPIBHSAHO 3 NapameTpamu | Ta
Il rpyn (p < 0,05), a Takox crnocTepiranu remognHaMmiyHi
MOPYLUEHHsI BHACiAoK HabpsikoBux 3MmiH. Lie 3biraeTbes 3
BiomMoCTAMM HaykoBoi nitepatypu [18,19] Ta nigTBepaxye
BULLY etheKTUBHICTb (hikcauji ciTyacToro imnnaHTata Ao
TKaHUH YepeBHOI CTIHKW Kneem.

BucHoBKHM

1. BukopuncTaHHS Kneto Ha OCHOBI ciTYacToro noniype-
TaHy 3 aHTUCEeNTMKOM Ans dikcallii ciTyacToro iMnnaHTara
[0 TKaHUH YepeBHOI CTiHKW y nabopaTopHuX TBApWH Mid-
TBEPOXYE VOro BULLY e(heKTUBHICTb MOPIBHAHO 3 Tpaau-
LiHoo cbikcauieto miratypamu. Tak, BU3Ha4unm BinbLuy
BiZJHOCHY NOLLy BOMOKHWCTOTO KOMMOHEHTA Crofy4HOi
TKaHWHK Y TBapwH | rpynu nopisHsHo 3 11 (40,85 (39,52;
41,45) % Ta 26,80 (25,84; 26,96) % Ha 7 noby; 61,05 (60,32;
61,89) % Ta 36,45 (36,25; 38,54) % Ha 30 noby (p < 0,05)
BIAMOBIAHO) Ta MEHLLY BiJHOCHY MIOLLY KIiTMHHOIO KOMMO-
HeHTa (33,65 (32,45; 34,12) % 12 59,72 (58,39; 61,41) % Ha
7 0oby; 23,57 (22,45; 24,15) % 12 41,94 (41,12; 43,21) % Ha
30 poby (p < 0,05) BignosiaHo). Lle caigumno npo weuaLe
[03piBaHHS CrONY4HOT TKAHWUHW.

2. 36inbLEHHs BIQHOCHOI MOLLi BOMOKHUCTOrO Ta
3MEHLUEHHS BiJHOCHOI MIOLLi KMITMHHOMO KOMMOHEHTa B
AvHawmiui (p < 0,05), a TakoxX NPOPOCTaHHSA KonareHOBMX
BOMOKOH BrIMG Kancynu, 3MEHLUEHHS Ha AinaHkax ik-
cavuii CiTkM remouMHamivHWX nopyLueHs y | rpyni cnpuanu
LUBWALLIOMY NPOPOCTaHHIO CITKM CMOMYYHOI TKAHMHOI Ta
3MEHLLYBAsO0 iMOBIPHICTb BUHUKHEHHS! PAHOBUX YCKIAAHEHb
y Lin rpyni.

3. CKOpOYEHHs TPUBANOCTi 3aroeHHs paHn o 7 (6; 8)
AriB Yy | rpyni, e Ans dikcavii CiTky BUKOPUCTOBYBANU Knew
i3 CIM 3 aHTucentukom, npotu 13 (12; 14) gHis y |l rpyni, ae
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CiTKy (pikcyBanm niratypamu, a TakoX 3HKEHHS 4acToTu
BWUHUKHEHHS CEpOMY OB PYHTOBYIOTb 3aCTOCYBAHHS KNEKO B
KMIHIYHiA NpakTvLi Ans NnpodinakTVkv paHOBWX YCKMaaHEHb
nif Yac anorepHionnacTuku.

lMepcnekTuBM noganbLWMX aocnigkeHb. Pesynsrati
eKcnepyMeHTanbLHO-MopONoriYHOro AOCILKEHHS BNPO-
Ba/PKEHi B KMiHIYHY NpaKTuKy, 30kpema kneit Ha ocHosi Cl1
3 @HTWCENTVKOM 3aCTOCyBany B 44 nauieHTiB i3 rpykamm
XWBOTa AN151 hikcauii imnnaHTaTa Ta 3'eAHaHHS LUKIpHO-Tia-
LUKIPHWX KpaiB paHu, crnocTepiranyt NO3UTUBHWUM edekT
[20]. 3annaHoBaHO HACTYMHE OLiHIOBAHHS BigAaneHunx
pesynbraris. [aHi, WO oTpUMan nig vac exCrnepuMeHTy,
00I'PYHTOBYHOTb BUKOPWUCTAHHSA KMet 3 CiTyacToro noni-
ypeTaHy 3 aHTUCENTUKOM Y KIiHIYHINA NpakTuLl, @ oTxe BiH
MOXe ByTV pekoMeHA0BaHMI Ans NpoinaKkTUk paHOBKX
yCKNaZHeHb Mif Yac anonnacTuk1 rpux X1BoTa.
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Diabetes mellitus is the most common metabolic disorder during pregnancy. The International Diabetes Federation estimates
that one in six pregnant women (16.8 %) has diabetes. The prevalence of this disease in the human population is striking and,
according to various sources, accounts for 14-25 % of all pregnant women. Most cases of hyperglycemia during pregnancy
(75-90 %) is due to gestational diabetes mellitus (GDM).

Risk factors, etiology and pathophysiology of GDM are being actively studied, but there are still some controversial issues.
For example, the development of GDM in the aspect of circadian rhythm disorders. This problem is especially relevant in
connection with pregnancy. After all, there is a two-way relationship here — circadian rhythm disorders affect the course of
pregnancy, and pregnancy can be the cause of these disorders. In addition, this problem is relevant for women with a history
of endocrine disorders, including diabetes mellitus, as there is a clear link between circadian rhythms and the production of
hormones, including insulin.

The aim of this review was to show the relationship between the development of GDM, its complications, and circadian
rhythm disorders in women.

Pregnancy complicated by GDM can have a negative effect on the myocardium and liver. Moreover, this disease has a signi-
ficant impact on the myocardium of the offspring. GDM also can cause other complications for the mother’s health and fetus
or newborn. Scientists have identified a fairly significant number of risk factors for GDM. However, circadian rhythm disorders
accompanying pregnancy are often underestimated as a risk factor.

In general, there are many controversies regarding the relationship between long / short sleep duration and quality and the
risk of developing diabetes, as well as how melatonin and its precursor serotonin affect metabolism in critical organs. Thus,
the role of circadian rhythm disorders in the development of diabetes and its consequences is not yet fully understood. It is
likely that solving the problem of circadian rhythm disorders will be the key to overcoming a significant proportion of cases
of GDM. Therefore, there is an urgent need for further, larger-scale studies to investigate the causal links between circadian
rhythm disorders, diabetes mellitus, and pregnancy.

lFecTauiliHui LyKpoOBUiA AlabeT i Horo yCKAQAHEHHS,
POAb AECUHXPOHO3Y B naTtoreHesi (Orafia Aitepatypu)

M. P. Xapa, I. B. Kopaa, T. I. Moainbcbka

LlykpoBuit fiabeT — HainoLmMpeHiLle NopyLWeHHS 0OMiHY pe4OBUH Nig Yac BariTHOCTI. 3a ouiHkamn MixHapogHoi AiabeTuyHoi
denepalii, B KOXHOI LIOCTOI BariTHOI XiHku (16,8 %) BUHMKae AiabeT. MowmpeHicTb Lboro 3axBoptoBaHHA B nonynsii Bpa-
Xae i, 3a pisHNMK faHumMu, ctaHoBuTb 14-25 % Bip ycix BariTHUX XxiHOK. BinbLuicTb BUNaakis rinepriikemii nig Yac BariTHOCTi
(75-90 %) symoBneHa rectauiiinm Lykposum giadetom (ML)

®akTopu pu3uky, eTionorito Ta natodisionorito UM akTMBHO BMBYaIOTb, ane OKPeMi NMUTaHHSA 3anuLLaTbCs AUCKYCIHUMK,
AK-OT LWoao po3suTky UL BHacnigok nopyLueHHs umpkagHux putmi. Ocobnmeo akTyanbHot Lis npobrnema € B acnekTi Ba-
FITHOCTI, KON BU3HAYaoTb ABOGIYHWIA 3B’I30K: MOPYLLUEHHS JOBOBOrO pUTMY BNMMBAOTL Ha Nepebir BariTHOCTI, a BariTHICTb
Moxe OyTV MPUYMHOKO LMX nopyLueHb. Kpim Toro, us npobrnema akTyanbHa ANns 3KHOK, siki MaloTb B aHaMHE3i eHOOKPUHHI
3aXBOPOBaHHS, 30KpeMa LiyKpOBUIA [iabeT, OCKINbKM € YiTKWI 38'930K MK LIMPKaAHUMU pUTMaMM Ta NPOLYKLIEK TOPMOHIB, SK-OT
iHCYTiHY.

MeTa po6oTu — nokasaTy 38’30k Mixk po3suTkoM 'L, 110ro ycknagHeHHSMM Ta NOPYLLEHHSIMU LIMPKAZAHOTO PUTMY B XKiHOK.

BaritHicTb, ycknagHeHa 'LUJ, moxe maTtu HeraTMBHUM BNMB Ha MioKapg, | NeviHKy. Lie 3axBopioBaHHs Mae 3HavyLyuii BNvB
i Ha miokapg notomcTBa. 'L Takox MOXe CNpUYMHATY iHLLI YCKMaAHEHHs Ans 300pOB’s Matepi Ta noAa Yy HOBOHapO-
[xeHoro. BectaHoBneHo yumano daktopis pusuky 'L, ane nopyLueHHs LMpKagHUX pUTMIB, LLO CYNpOBOMKYIOTb BariTHICTb,
4acTO He[OOLIHIOKOTb K (haKTOP PUSKKY.

[VCKYCIHUM 3anu1LIaETbCA NUTaHHA LOAO 3B'A3KY MK TPUBANICTIO CHY ([OBIUIA YW KOPOTKWW), HOTO SIKICTIO Ta PU3NKOM
po3BUTKY AiabeTy, a Takox LLOAO TOro, ik MENATOHIH | A0ro NonepeaHVK CEPOTOHIH BNMBaOTb HA METabomMiaM y KPUTUYHUX
opraHax. OTxe, pornb NopyLUEHHS LMpKagHWUX PUTMIB Y BUHWMKHEHHI AjabeTy Ta Moro HacnifkiB ocTaTo4Ho He 3'scoBaHa. IMo-
BipHO, BMpILLEHHS NpobnemMy po3nagiB LMpKagHUX PUTMIB BigKpUE LWsixv 0o 3anobiraHHs 11 NofonaHHs GaraTbox BUNaakis
. Tomy HeobXxiaHi HAaCTyNHI MacluTabHi JOCTIMKEHHS AN BUBYEHHS NPUYMHHO-HACTIAKOBUX 3B'S3KIB MK MOPYLUEHHSMM
LIMpKaZHUX pUTMIB, LIYKPOBMM [iabeToM i BariTHICTO.
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Diabetes mellitus (DM) is the most common metabolic dis-
order during pregnancy. Pregnant women can have either
pregestational diabetes or gestational diabetes (GDM). The
International Diabetes Federation estimates that one in six
pregnant women (16.8 %) has diabetes. Of this number,
13.6 % suffer from pregestational diabetes, Gestational
diabetes mellitus (GDM) is a disorder of glucose tolerance
of any type of gestational age, ICD-10 code 0.24.4) is a
disorder of glucose tolerance of any degree that occurred or
was first detected during pregnancy. The prevalence of this
disease in the human population is striking and, according
to various sources, accounts for 14-25 % of all pregnant
women. Most cases of hyperglycemia during pregnancy
(75-90 %) is due to GDM [1,2]. Risk factors, etiology and
pathophysiology of GDM are being actively studied, but
there are still some controversial issues. For example, the
development of GDM in the aspect of circadian rhythm
disorders.

Shift work, sleep / wake disturbances, frequent traveling
across time zones — all of these are at the root of circadian
rhythm disorders. It follows that this is an inevitable conse-
quence of the modern lifestyle. Given that such a lifestyle
is inherent in modern society, it is advisable to study this
problem in more depth to further develop methods to prevent
negative consequences. This problem is especially relevant
in connection with pregnancy. After all, there is a two-way
relationship here — circadian rhythm disorders affect the
course of pregnancy, and pregnancy can be the cause of
these disorders. In addition, this problem is relevant for
women with a history of endocrine disorders, including
diabetes mellitus, as there is a clear link between circadian
rhythms and the production of hormones, including insulin.

Aim

Therefore, the purpose of this review was to show the
relationship between the development of GDM, its compli-
cations, and circadian rhythm disorders in women.

PubMed and Google Scholar were searched to make
this review.

Gestational diabetes mellitus is glucose intolerance that
first occurs or is first diagnosed during pregnancy. This type
of diabetes may first appear during the second [3] or third
trimester of pregnancy [4]. During pregnancy, the mother’s
metabolism undergoes significant changes, which affects
insulin sensitivity. This effect increases in the second half
of pregnancy due to insulin resistance and subsequent
hyperglycemia [5].

The main function of the pancreatic 8-cells is to produce
and secrete insulin in response to elevated blood glucose
levels. However, when B-cells lose sensitivity to serum glu-
cose concentrations or become unable to properly secrete
insulin, B-cell dysfunction occurs. Thus, GDM is a conse-
quence of B-cell dysfunction in the setting of chronic insulin
resistance during pregnancy. Therefore, these processes
are crucial in the pathophysiology of GDM. In addition, as
aresult of chronic hyperglycemia, which is inevitably pres-
ent in diabetes, B cells suffer even more. The decreased
ability of pancreatic cells to hyperplasm also plays a role
in the pathophysiology of GDM. During normal pregnancy,
B-cells undergo hyperplasia and hypertrophy to ensure the
metabolic demands that increase during pregnancy. Since
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tissue sensitivity to insulin decreases, blood glucose levels
rise. As insulin sensitivity is restored after childbirth and glu-
cose levels decrease, B-cells return to normal. In contrast,
in GDM, the mass and number of B-cells do not increase
significantly during pregnancy, and therefore the pancreas
is unable to meet the increased metabolic needs. When
this inability is combined with reduced insulin sensitivity,
persistent hyperglycemia develops, which can be leveled
after childbirth or develop into type 2 diabetes [6,7].

The dysfunction of the neurohormonal system is also
involved in the pathogenesis of GDM. This system controls
the body’s metabolism and activity. The mostimportant hor-
mones involved in this process are leptin and adiponectin.
In addition, the circadian clock has an important impact on
the neurohormonal system [8,9].

Oxidative stress and inflammation are also important
components in the pathophysiology of GDM. It was found
that GDM is characterized by excessive formation of free
radicals and impaired mechanisms of their neutralization.
Reactive oxygen species (ROS) inhibit insulin-stimulated
glucose uptake by tissues. This leads to even more se-
vere hyperglycemia. Under these conditions, the level of
proinflammatory cytokines such as interleukin-6 and tumor
necrosis factor-a increases. Thus, oxidative stress leads
to inflammation, and hyperglycemia mediates between
these links [10].

Itis important that some organs other than the pancre-
as can also be involved in the development of GDM and
suffer from it. These include the liver, skeletal muscle and
myocardium, placenta, and adipose tissue.

Effect of GDM on the myocardium. A meta-analysis
of data from more than 5 million women showed that GDM
remains closely associated with the risk of future cardio-
vascular events, even in women who did not develop
type 2 diabetes after childbirth [11]. Prospective studies
have reported that women with GDM have greater relative
thickness and mass of the left ventricular wall compared to
women with normal pregnancies at 34-39 weeks [12,13].
Physiological hypertrophy of the heart, which occurs during
normal pregnancy, is the result of overloading the heart with
anincreased volume of circulating blood, endocrine chang-
es caused by elevated levels of progesterone and estrogen.

The molecular mechanisms underlying cardiac hyper-
trophy during pregnancy include activation of the PI3K /
Akt (phosphatidylinositol 3-kinase / protein kinase B) and
MAPK/ERK (mitogen-activated protein kinase/extracellular
signal-regulated kinase) pathways [14]. In the short term,
cardiac hypertrophy is a physiological adaptive response
of the body. However, in the long term, this becomes a
sign of pathology associated with diastolic and systolic
dysfunction, arrhythmias, and the development of heart
failure. It is important that in healthy women, the size of
the heart returns to the pre-pregnancy level within a few
months after delivery, whereas pathological hypertrophy is
the main manifestation of heart disease in people with type
2 diabetes mellitus (DM2) and occurs even in the absence
of vascular complications [15]. Studies on pregnant animals
have shown that cardiac hypertrophy is Ca-dependent,
which implies activation of the calcineurin-NFAT (nuclear
factor of activated T-cells) signaling pathway during normal
pregnancy [14,16]. In pregnant animals with DM2, two
signaling pathways are activated — CaMKIl / HDAC (calci-
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um-calmodulin dependent kinase Il / histone deacetylase)
and calcineurin/ NFAT) [15]. Itis important that the signaling
is initiated in the pre-diabetic, insulin-resistant phase, before
the onset of overt hyperglycemia.

Although the mechanisms underlying myocardial hyper-
trophy during and after pregnancy complicated by GDM are
not well known, it can be assumed that some mechanisms
are common to hypertrophy in normal pregnancy and DM2.
Since calcineurin / NFAT pathway hypertrophy is activated
both in type 2 diabetes and in the early stages of normal
pregnancy, Nirmal Verma et al. (2021) investigated whether
enhanced calcineurin / NFAT signaling contributes to car-
diac hypertrophy after GDM-associated pregnancy [17].
Female rats heterozygous for the expression of the human
isoform of the pancreatic hormone amylin, in particular in
B-cells (HIP-rat), were used as a model of GDM. Under
these conditions, Ca2+ / calmodulin-dependent activation
of calcineurin phosphatase leads to dephosphorylation of
NFAT, causing its translocation to the nucleus, where it
activates the transcription of the corresponding gene. The
study of calcineurin / NFAT signaling pathway activity in
isolated cardiomyocytes, including nuclear and cytosolic
localization of NFATc4 (nuclear factor of activated T-cells 4),
showed a tendency to decrease the nuclear-cytosolic ratio
of NFATc4 immediately (within 1 day) after delivery, which
is consistent with data indicating a downregulation of this
signaling pathway in late pregnancy [14,16].

In a normal pregnancy, the activity of this pathway
returns to its original level within two months after delivery.
It is important to note the significant role of calcipressin-1
(also known as RCAN1 or MCIP1), which is an endogenous
calcineurin inhibitor, in activating the calcineurin / NFAT
signaling pathway. Its expression in the HIP myocardium of
female rats remains significantly elevated even two months
after delivery [18]. This may indicate a prolongation of the
period of myocardial remodeling in the setting of GDM,
because the decrease in calcium content in cardiomyocytes
in the postpartum period is much slower [17]. Another
calcium-dependent activation pathway, CaMKIl / HDAC,
plays an important role in the development of myocardial
hypertrophy during pregnancy. It involves the release of
HDACs from the nucleus after phosphorylation by CaMKIl
through the expression of the corresponding genes. This
mechanism is activated both in normal pregnancy and in
GDM. However, in both variants of pregnancy (normal and
GDM), the activity of this pathway normalizes two months
after delivery in females of both groups [17], which suggests
that it is not involved in postpartum myocardial remodeling
in animals with GDM.

There is ambiguity in the interpretation of the impact
of GDM on the risk of developing heart failure. Some data
indicate a positive correlation between GDM and cardiac
dysfunction [19], while others deny such a relationship
[20]. The denial of such a connection is based on research
shortcomings. These shortcomings include the diagnosis
of GDM not based on biochemical data, lack of differen-
tiation between perinatal cardiomyopathy and long-term
heart failure, neglect of comorbidities (postpartum diabetes
mellitus, postpartum hypertension, postpartum coronary
artery disease), and insufficient data on cardiovascular risk
factors (lipid levels and body mass index, smoking, alcohol
consumption, and physical activity). The lack of data on the
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subtype of heart failure (HF) for the diagnosis of perinatal
cardiomyopathy negatively affects the results of correlation
analysis, because the clinical signs and symptoms of HF
often coincide with the symptoms of normal pregnancy.
There are often no detailed data on the use of medications
related to diabetes and HF during and/or after childbirth [21].

Endothelial damage is one of the first consequences of
diabetes and a precursor to cardiac damage / dysfunction.
Endothelial changes associated with diabetes/hyperglyce-
mia include increased ROS production, impaired nitric oxide
(NO) release, and a shift to a proinflammatory phenotype.
NO deficiency causes impaired endothelium-mediated
vasorelaxation, which can result in diastolic heart failure
[22]. A key factor in endothelial damage is mitochondrial
dysfunction. In addition to the formation of ROS in endothe-
lial cells through glycolysis, mitochondria play a central role
in intracellular signal transduction, calcium homeostasis,
amino acid synthesis, and meeting energy needs during
proliferation or stress [23]. Mitochondria are also the main
source of oxidative stress in endothelial cells due to the
formation of superoxide anion during oxidative phosphoryl-
ation. In diabetes, mitochondrial ROS production increases,
leading to dysfunction, inflammation, and apoptosis [24].
These effects are balanced by the activation of pathways
that provide resistance to oxidative stress, such as nicotina-
mide adenine dinucleotide (NAD+)-dependent deacetylases
[25]. An additional mechanism by which mitochondria can
disrupt endothelial function is the release of mitochondrial
DNA (mtDNA) and inflammatory reactions [26].

One of the new ways to investigate the mechanisms of
endothelial damage / dysfunction is to study extracellular
vesicles (EV). EV are the membrane vesicles that are
formed ubiquitously under physiological conditions and
under stress. Their subpopulations are micro EV, ecosomes,
and apoptotic bodies, which differentiate by their biogen-
esis, release pathway, size, content, and function. EV of
different origin are found in biological fluids and their levels
change in pathological conditions, including type 1 and type
2 diabetes [27]. In a study of rats with GDM induced by a
diet that mirrored several aspects of human pregnancy with
GDM, including excessive weight gain during pregnancy,
impaired glucose tolerance, and beta-cell dysfunction,
the level of circulating endothelial EV and von Willebrand
factor was found to increase more than 3-fold. This was
indicative of endothelial stress and was confirmed by a
deficiency of nicotinamide adenine dinucleotide (NAD+) in
the aorta and increased levels of EV-related mtDNA. These
data prove that mitochondrial damage may play a causal
role in vascular damage associated with GDM. A positive
correlation between signs of remodeling, diastolic myocar-
dial dysfunction, and endothelial EV levels demonstrates
the important role of vascular factor in the development of
heart failure [28].

Interestingly, according to [28,29], an increase in
the level of circulating EV of endothelial origin was not
accompanied by changes in the total EV index. However,
C. Salomon et al. (2016) and M. Arias et al. (2019) reported
an increase in the rate of all circulating EV in women with
GDM [30,31]. The authors of the study used approaches
that focused specifically on small EVs. This may mean that
GDM may affect different subpopulations of EV's differently.
In the context of the analysis, it is noteworthy to report an
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increase in the activity of Ca?" / calmodulin-dependent
protein kinase Il beta, which is involved in mitochondrial
fragmentation in hyperglycemia [32].

GDM has a significant impact on the myocardium of
the offspring. The offspring of mothers with GDM are 20.6
times more likely to demonstrate cardiovascular pathology
than the offspring of mothers who had a normal pregnan-
cy. The main cardiac manifestation in such newborns is
myocardial hypertrophy, which in severe cases can lead to
transient subaortic stenosis and congestive heart failure.
Also, the offspring of mothers with GDM have a more
significant impairment of cardiac function (biventricular
systolic dysfunction), their hearts are rounder. Moreover,
the effect of GDM on the morphology and function of the
fetal heart is manifested from the second trimester [33].

The effect of GDM on the liver. Non-alcoholic fatty
liver disease (NAFLD) is defined as an increase in the fat
content of hepatocytes in the absence of any secondary
cause of steatosis. The prevalence of NAFLD is increasing
in parallel with the increase in the prevalence of obesity,
metabolic syndrome, and type 2 diabetes [34]. In general,
there are few scientific studies on the effect of GDM on
the liver. Nevertheless, the literature we have analyzed
has revealed some patterns. NAFLD was found to be
an independent risk factor for the development of type 2
diabetes. However, NAFLD and type 2 diabetes have a
common pathophysiological basis — insulin resistance. An
insulin-resistant fatty liver overproduces glucose and very
low-density lipoprotein. This activates mechanisms that
lead to the depletion of the pancreatic beta-cell reserve,
which ultimately leads to the development of diabetes. The
steatotic and inflamed liver secretes hepatokines such as fe-
tuin-A, fetuin-B, angiopoietin-like proteins, fibroblast growth
factor 21, and selenoprotein P, which perform endocrine
functions in the extrahepatic space, causing insulin resist-
ance and other adverse effects on glucose homeostasis. It
is known that there is a link between a history of GDM and
NAFLD in women. However, there are few data on whether
pre-pregnancy NAFLD can be a risk factor for the deve-
lopment of GDM. You S. Y. et al. (2021) demonstrated that
the presence of NAFLD before pregnancy was associated
with an increased risk of GDM, in which patients required
insulin therapy. Moreover, a stronger correlation was found
in the cohort of women without metabolic syndrome before
pregnancy. This confirms the hypothesis that NAFLD is an
independent risk factor for CKD, regardless of the presence
or absence of metabolic syndrome [35].

GDM and other complications. In addition to all the
risks described above, GDM can cause other threatening
conditions. Among the possible negative consequences for
the mother’s health are preeclampsia, postpartum bleeding,
premature rupture of membranes, and the need for labor
induction, cesarean section, and instrumental delivery. For
the fetus or newborn, GDM is fraught with antenatal and
neonatal death, congenital malformations, preterm birth,
macrosomia, neonatal hypoglycemia, neonatal jaundice,
respiratory distress syndrome, low Apgar score, and hospi-
talization in the neonatal intensive care unit [36]. Zhu H. et al.
(2019) demonstrated that even a short-term exposure of the
fetus to maternal T1D in the early stages of development is
sufficient to induce permanent changes in DNA methylation
and expression of genes that control insulin secretion. This
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suggests a methylation-mediated epigenetic mechanism
of GDM-induced intergenerational glucose intolerance. In
addition, their findings provide experimental evidence of the
long-term positive effect of insulin therapy in GDM on the
health of offspring [37].

The role of circadian rhythm disorders in the
development of GDM. Scientists have identified a fairly
significant number of risk factors for GDM. The greatest
epidemiologic value is body mass index of 25 and above,
pregnant woman's age of 25 years and older, hypothy-
roidism, polycystic ovary syndrome, and family history
of diabetes [38,39]. However, circadian rhythm disorders
accompanying pregnancy are often underestimated as a
risk factor.

Circadian rhythms. The rhythmic control of physio-
logical and behavioral processes is carried out by an
endogenous molecular clock located inside the suprachi-
asmatic nucleus. Afferent neuronal pathways, i.e., those
that start from light-sensitive retinal ganglion cells, travel to
the suprachiasmatic nucleus, where the circadian oscillator
is synchronized with the surrounding signals. In this way,
autonomous oscillations are generated that have an approx-
imate 24-hour period, which are circadian rhythms. External
signals, such as light-dark cycles, are the triggers for the
circadian clock to work, ensuring its synchronization with a
sunny day [40]. An autonomous molecular oscillator trans-
mits signals to the body’s organs and tissues to ensure vital
functions. There are many genes that control the circadian
clock. They include Bmal1, Clock, periodic (Per), and cryp-
tochrome (Cry). The expression of these genes is regulated
by the principle of negative feedback [41]. Melatonin plays a
key role in synchronizing the internal environment with the
external environment (namely, with light-dark cycles), which
is formed mainly in the pineal gland. Altered sleep patterns
disrupt melatonin secretion and can impair reproductive
function. For example, high levels of melatonin are associ-
ated with delayed puberty and impaired ovulation, while low
levels of melatonin are associated with premature puberty. In
addition, melatonin, which is found in ovarian follicular fluid,
is believed to protect eggs from oxidative stress due to its
antioxidant properties [42]. Sleep deprivation suppresses
the secretion of endogenous melatonin, which reduces
the level of melatonin in the follicular fluid and exposes the
follicles to ROS. This reduces the quality and quantity of
eggs, which can lead to infertility. This is confirmed by a
study in which scientists report that women with idiopathic
infertility had significantly lower levels of follicular melatonin
compared to controls, which is associated with increased
levels of oxidative stress markers [43].

Given the link between melatonin and reproductive
function, scientists have tried to assess the possible thera-
peutic effects of exogenous melatonin. There is evidence
that taking melatonin improves the redox balance inside the
follicles, and as a result, improves the results of assisted
reproductive technologies [43]. Despite this, the use of
exogenous melatonin does not always have a positive
effect on sleep disorders in women with infertility. A study
of 116 women who underwent in vitro fertilization found that
melatonin supplementation did not have a dose-response
effect on objective sleep measures in these women [44].

Astudy conducted on mice found that circadian rhythm
disorders can affect fertility independently of the hypotha-
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lamic-pituitary axis. For example, mice deficient in the
Clock and Bmal1 genes suffer from ovulatory dysfunction
and reduced fertility [45]. In an experiment using a Clock
transgenic mouse model, the formation of the Bmal1-Clock
dimer occurred, but the regulation of Per and Cry transcrip-
tion was lost. This was manifested by a loss of circadian
rhythm, as well as an increased incidence of miscarriage. In
addition, mice with Per1-Per2 deficiency have a premature
decrease in ovarian reserve, irregular estrous cycles, and
reduced reproductive performance [46].

The synthesis, secretion, and metabolism of various
hormones are synchronized with circadian rhythms and
regulated by sleep patterns [47]. For example, gonado-
tropins, sex steroids, and sex hormone binding globulin
(SHBG) show diurnal rhythms in women of reproductive
age [48,49]. In the follicular phase of the menstrual cycle,
follicle-stimulating hormone (FSH) and luteinizing hor-
mone, estrogen, progesterone, and sex hormone binding
globulin are released rhythmically, while in the luteal phase
only FSH and SHBG are rhythmic [49]. Disruption of the
suprachiasmatic nucleus rhythm, which can occur in sleep
disorders, leads to changes in the hypothalamic-pitui-
tary-gonadal axis, resulting in the loss of synchronization of
sex hormone release [40], which can contribute to changes
in reproductive processes [50]. For example, it can affect
puberty, ovarian function, fertility, the success of assisted
reproductive technologies, and pregnancy.

The occurrence of circadian rhythm disorders may not
be related to pregnancy, for example, working in shifts or
frequent changes in time zones. Although in some cases,
circadian rhythm disorders are caused by pregnancy.
For example, in a study by Mindell et al. (2015), 17 % of
early pregnant women and 33 % of late pregnant women
reported a total sleep duration of 6 hours or less. This study
also shows a significant frequency of complaints such as
low back pain, reflux, and difficulty finding a comfortable
position. Moreover, these complaints increased with each
subsequent trimester of pregnancy [51]. Other studies
also indicate that sleep quality often deteriorates during
pregnancy due to reduced total sleep duration and non-re-
storative sleep [52]. In the first trimester, the causes include
morning sickness, vomiting, and diarrhea. In the second
trimester, fetal movements and esophageal reflux usually
occur for the first time. And in the third trimester, pregnant
women are most often concerned about nocturia, difficul-
ty finding a comfortable position, back and pelvic pain,
symptoms of restless legs syndrome, and sleep apnea.
In addition, many women experience sleep disturbances
due to anxiety about their baby and childbirth [51]. Thus,
a combination of psychosocial, biological, and physical
factors can lead to insufficient sleep during pregnancy
and circadian rhythm disorders.

Wai Man G. C. et al. (2017) found that the coordinat-
ed functioning of the circadian clock is important during
pregnancy, as it has a positive effect by suppressing the
development of inflammatory diseases, including GDM [53].
Reduced sleep duration and/or quality leads to dysregula-
tion of melatonin secretion and can have a negative impact
on health. Importantly, melatonin penetrates the placental
barrier and has the ability to accelerate the formation of
the fetal suprachiasmatic nucleus and reduce fetal oxida-
tive stress. Since the placenta has the ability to produce
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melatonin, the level of this hormone in pregnant women is
higher than in non-pregnant women. Moreover, with each
trimester of pregnancy, the concentration of melatonin in
the blood serum increases, and after childbirth it decreases
sharply [54].

Some researchers report that polymorphisms in the
genes responsible for melatonin receptor expression can
affect insulin secretion and pancreatic glucose sensitivity,
causing T2D [55,56]. That s, a decrease in melatonin levels
is positively correlated with an increased risk of hypergly-
cemia. Importantly, melatonin supplementation reduces
this risk [57]. At the same time, other studies evaluating
the association between sleep duration during pregnancy
and the risk of developing GDM indicate that extreme sleep
duration (not only too little but also too much) during the
first and second trimesters of pregnancy was positively
correlated with the incidence of GDM [58].

For example, a study was conducted among pregnant
women, of whom 7.3 % suffered from GDM [59]. In this ex-
periment, three groups of pregnant women were compared:
1) women who slept 9 hours/day or more (55 %), 2) women
who slept less than 7 hours/day (2 %), and 3) women who
slept 7-9 hours/day (43 %). Pregnant women who slept 9
hours or more per day had an increased risk of GDM, while
those who slept less than 7 hours had a slightly increased
risk [59]. Data from other studies, including large-scale pro-
spective cohort studies, also note that both short and long
sleep duration, accompanied by sleep-disordered breathing,
positively correlate with the incidence of GDM [60,61,62]. In
a study involving 46 women with newly diagnosed GDM and
46 healthy pregnant women matched for age, gestational
age, body mass index, and race, women with obstructive
sleep apnea had a higher risk of GDM [63]. In addition, the
severity of sleep apnea in women with GDM correlates
with higher glucose levels at night and in the morning [64].

As you know, impaired glucose tolerance can first
appear during pregnancy (GDM) or exist before concep-
tion (prediabetes). However, there are little data on the
pathogenesis of the latter. Asuaje Pfeifer M. et al. (2022)
conducted a study using female New Zealand obese (NZO)
mice as a model of GDM. It has been shown that GDM is
associated with increased levels of serotonin (5-hydroxy-
tryptamine, 5-HT) in the urine, but the role of this biogenic
amine in subpopulations with pre-diabetes remains unclear.
5-HT is synthesized in various tissues, including the islets
of Langerhans during pregnancy. In addition, 5-HT recep-
tors are expressed in tissues important for the regulation
of glucose homeostasis, such as the liver and pancreas.
Interestingly, the researchers found elevated concentra-
tions of 5-HT in the plasma and islets of Langerhans of
NZO mice, as well as impaired glucose-stimulated 5-HT
secretion. Incubation of isolated islets of NZO females with
5-HT revealed an inhibitory effect on insulin and glucagon
secretion. In hepatocytes of NZO females, 5-HT enhances
glucose synthesis in the liver, reduces glucose uptake and
glycogen content. Treatment with a serotonin receptor
antagonist reduced the 5-HT-mediated deterioration in
metabolic status. These data indicate that 5-HT is a poten-
tial indicator of GDM in mice before conception [65]. Since
serotonin is a precursor to melatonin, dissonance arises
again. After all, even though melatonin has organ-protective
properties, serotonin has a number of the above-described
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negative effects on the liver. There is evidence of the nega-
tive effect of light desynchronization on myocardial function
in pathological conditions.

Given the negative impact of diabetes on the myocar-
dium, especially during pregnancy, it is worth noting that
light disturbance also has a negative impact on myocardial
metabolism and functional activity. In a rat experiment, it
was shown that dark deprivation significantly enhances
the pathogenic effect of epinephrine on the myocardium
of animals, as evidenced by an increase in the area of
cardiomyocyte damage in the model of epinephrine necro-
sis, high free radical oxidation activity, and a deficiency of
antioxidant protection [66], while simultaneously reducing
the vagal control of cardiac activity [67].

Conclusions

1. All these controversies regarding the relationship
between long/short sleep duration and quality and the risk
of developing diabetes, as well as how melatonin and its
precursor serotonin affect metabolism in critical organs,
indicate that the role of circadian rhythm disorders in the
development of diabetes and its consequences is not yet
fully understood. It is likely that solving the problem of
circadian rhythm disorders will be the key to overcoming a
significant proportion of cases of GDM.

2. Scientists have already investigated main patho-
physiology links of GDM development. Also they realize
that this disease can impact myocardium, liver and other
mother’s and fetus’ organs. Moreover, scientists have dis-
covered relation between GDM, its complications and de-
synchronosis. Despite many controversial issues regarding
the role of circadian rhythm disorders in the development
of GDM, there is clear understanding that desynchronosis
can influence this process.

3. Understanding of cause-effect relations and ability
to see and select the main link of pathogenesis will allow to
liquidate a pathological process and accelerate the offensive
of favorable consequences of illness. Therefore, there is an
urgent need for further, larger-scale studies to investigate
the causal links between circadian rhythm disorders, dia-
betes mellitus, and pregnancy.
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	c103-107-0
	Тривалий restraint-стрес як предиктор формування інсулінорезистентності в експериментальних щурів
	Рисунки
	Рис. 1. Характер глікемічних кривих під час внутрішньочеревинного тесту толерантності до глюкози в щурів із restraint-стресом різної тривалості.
	Рис. 2. Динаміка змін концентрацій глюкози, інсуліну та кортикостерону в щурів із restraint-стресом різної тривалості (6, 15 і 21 тиждень) порівняно з контролем (100 %). Відмінності показників груп із стресом різної тривалості щодо відповідних параметрів контрольної групи вірогідні (p < 0,05).



	c108-117-0
	Nestin, CD44, Ki-67, GS and AQP4 expression in the brain neurogenic niches of deceased patients with liver cirrhosis of different degree


	Tables
	Table 1. Nestin, CD44, GS, AQP4 levels in the DG and SVZs of cirrhotic patients and control group expressed as Srel. (%) and numbers/mm for Ki-67

	Figures
	Fig. 1. Cytoplasmatic Nestin expression in cell bodies and processes within the subventricular glial nodule in the anterior horn of the brain lateral ventricle in 63 y. o. deceased patient of control group (subgroup “Cntr2”). Mo monoclonal Nestin, clone 10C2, Master diagnostica. Mag. ×100.
	Fig. 2. Nestin expression in the bodies and processes of astrocyte-like cells and in the vascular endothelium of the astrocytic ribbon in SVZ of the lateral ventricle anterior horn in 67 y. o. deceased patient of the control group (subgroup “Cntr2”). Mo monoclonal Nestin, clone 10C2, Master diagnostica. Mag. ×200.
	Fig. 3. Nestin expression in the cytoplasm and processes of astrocyte-like cells and in the vascular endothelium of the emerging glial scar near the SVZ of the lateral ventricle anterior horn in 63 y. o. deceased patient with subcompensated LC (subgroup “B2”). Mo monoclonal Nestin, clone 10C2, Master diagnostica. Mag. ×100.
	Fig. 4. Nestin expression in the cytoplasm and processes of astrocyte-like cells in the fimbrial region of the hippocampus near the base of the choroidal vessels in 72 y. o. deceased patient with subcompensated LC (subgroup “B2”). Mo monoclonal Nestin, clone 10C2, Master diagnostica. Mag. ×100.
	Fig. 5. CD44 expression in the granular and subgranular layer of DG, as well as in the fibrous-like astrocyte of the molecular layer, sending its direct processes to the granular layer and to the vascular wall, in deceased 67 y. o. patient with subcompensated LC (subgroup “B2”). Rabbit polyclonal anti-CD44. Mag. ×200.
	Fig. 6. Ki-67 expression by single cellular nuclei within the hypocellular gap, astrocytic ribbon, and also in the head of the caudate nucleus adjacent to the SVZ in deceased 45 y. o. patient with subcompensated LC (subgroup “B1”). Ki-67 rabbit monoclonal antibody, clone SP6. Mag. ×200.
	Fig. 7. GS expression in the cytoplasm and dendrites of neurons, perineuronal gliocytes, astrocytes and their processes near the focus of encephalolysis in the caudate nucleus adjacent to the SVZ of the lateral ventricle anterior horn in deceased 73 y. o. patient with decompensated LC (subgroup “C2”). Rabbit polyclonal anti-GS. Mag. ×50.
	Fig. 8. AQP4 expression in ependymocytes and astrocytic processes within hypocellular gap and astrocytic ribbon in the SVZ of the lateral ventricle anterior horn in deceased 45 y. o. patient with subcompensated LC (subgroup “B1”). Rabbit polyclonal anti-AQP4. Mag. ×400.



	c118-125
	Модуляція клітинного складу регенераційної невроми дексаметазоном і гранулоцитарним колонієстимулювальним фактором


	Таблиці
	Таблиця 1. Матриця близькості (кореляція) часових рядів експресії Vim, GFAP і CD73 у клітинах регенераційної невроми
	Таблиця 2. Часові лаги (Δt) та взаємна кореляція (r) між траєкторіями показників експресії Vim, GFAP і CD73 у клітинах регенераційної невроми

	Рисунки
	Рис. 1. Експресія Vim, GFAP і CD73 у клітинах регенераційної невроми сідничого нерва щурів через 7 діб після нейротомії. ІГХ. Мікрофото, об. 40, ок. 10. Control: умовно інтактні тварини; Dex: тварини, що зазнали дії дексаметазону; GCSF: тварини, що зазнали дії гранулоцитарного колонієстимулювального фактора; Dex + GCSF: тварини, що зазнали дії Dex і GCSF. Зб. ×400. Шкала 
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	Рис. 2. Динаміка експресії Vim, GFAP і CD73 у клітинах регенераційної невроми сідничого нерва щурів протягом 1–56 діб після нейротомії (у. о., M ± m).
	Рис. 3. Співвідношення експресії Vim, GFAP і CD73 у клітинах регенераційної невроми сідничого нерва щурів протягом 1–56 діб після нейротомії (у. о.). С: контроль; Dex: тварини, що зазнали дії дексаметазону; GCSF: тварини, що зазнали дії гранулоцитарного колонієстимулювального фактора; Dex + GCSF: тварини, що зазнали дії Dex і GCSF.



	c126-134-0
	Clinical and prognostic value of parameters of cytokine regulation in oxygen-dependent patients with the coronavirus disease COVID-19


	Tables
	Table 1. Comparison of the cytokine content in the blood serum of oxygen-dependent patients with the coronavirus disease COVID-19 in dynamics, Me [Q; Q]

	Figures
	Fig. 1. Prediction of the probability of the development a fatal outcome of the disease in oxygen-dependent patients with COVID-19 according to the level of increased IL-2 in blood serum in the dynamics of observation.
	Fig. 2. Prediction of the probability of the development of a fatal outcome of the disease in oxygen-dependent patients with COVID-19 according to the level of increased IL-6 in blood serum in the dynamics of observation.
	Fig. 3. Prediction of the probability of the development of a fatal outcome of the disease in oxygen-dependent patients with COVID-19 according to the level of increased IL-4 in blood serum in the dynamics of observation.
	Fig. 4. Prediction of the probability of the development of a fatal outcome of the disease in oxygen-dependent patients with COVID-19 according to the level of increased MCP-1 in blood serum in the dynamics of observation.



	c135-140
	Патоморфологічний аналіз брунькування в колоректальних карциномах


	Рисунки
	Рис. 1. Аденокарцинома NOS, забарвлення гематоксиліном та еозином, ×400. Випадок брунькування на рівні Bd2–3(?) у «гарячій точці» інвазивного фронту серед запального інфільтрату строми.
	Рис. 2. Аденокарцинома NOS, мембранно-цитоплазматична реакція з маркером Pan CK 1/3, ІГХ-метод із додатковим забарвлення гематоксиліном Майєра, ×400. Випадок брунькування на рівні Bd3 у «гарячій точці» інвазивного фронту.
	Рис. 3. Аденокарцинома NOS, мембранно-цитоплазматична реакція, зокрема dot-like реакція з маркером MUC-2, ІГХ метод з додатковим забарвлення гематоксиліном Маєра (×400). Випадок брунькування на рівні Bd3 у «гарячій точці» інвазивного фронту.
	Рис. 4. Аденокарцинома NOS, сильна мембранна реакція з маркером β-catenin у залозах, що поступово втрачається в кластерах брунькування, ІГХ-метод із додатковим забарвлення гематоксиліном Маєра, ×400. Випадок брунькування на рівні Bd3 у «гарячій точці» інвазивного фронту.
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