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OpwuriHaAbHiI AOCAIAXKEHHS

AHaAi3 noWMPEHOCTi TIOTIOHOMAAIHHA B Pi3HUX BIKOBUX rpynax nawjieHTis

3 iLuemiuHoOIO XBOpPO6OIO CepusA, BpaxoBylOUM CTaTb
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A - KOHUENLiA Ta An3arH AOCAIAXEHHS; B - 36ip aaHux; C - aHani3 Ta iHTepnpeTaulis AaHux; D - HanucaHHs cTatTi; E - peparyBaHHa cTaTTi;

F - octatouHe 3aTBEPAXEHHS CTaTTi

Meta poboTu — npoaHanisyBaT NMOLUMPEHICTb KyPIHHS KIACU4HUX Ta ENEKTPOHHWX CUrapeT ceper MauieHTiB 3 iLueMiyHo0
xBopoboto cepus (IXC) pisHoro Biky, BpaxoBytoum iXHIO CTaTb.

Marepianu i metoau. [lo pocnimkeHHs 3anyumnu najentie 3 IXC (n = 3674): 3061 vonogika Ta 613 xiHok. Matepian ans
aHanisy — aHaMHECTWUYHI iaHi Woao KypiHHSA Knacu4HWX abo enekTPOHHUX curapet. [uaaiH focnimkeHHs nobynosaHuii 3
ypaxyBaHHsIM HanexHOoCTi navieHTa 4o BikoBOi rpynu 3a knacudikauieto BOO3 i ctari.

Pesyabtatn. Yonogiku 3 IXC, siki 3anydveHi 40 AOCRIOXEHHS, 4OCTOBIPHO YacTille Kypunu KnacuyHi curapeTu nopiBHAHO
3 xiHkamu (p = 0,0001, x2= 37,37). BcTaHOBWNM, LLO XiHKU BUKOPUCTOBYBAN €MEKTPOHHI CUrapeTu BiporiaHo YacTile
3a yonogiki (p = 0,008, x2= 7,12). YacTka XiHOK, siki HIKONK He Kypuiu, AOCTOBIPHO Gifblua 3a YacTKy NauieHTiB-4o-
nosikis (p = 0,005, x?= 8,03). Y YonoBikiB MONoZoro Biky, 3aKly4eHnx A0 AOCMIMKEHHS, YacTOTa KYPiHHS KNacU4HMX
curapeT A0CTOBIPHO HWXYa 3a BiANOBIAHWI NOKA3HMK B iHLLKX BIKOBUX rpynax: cepeaHboro Biky — p = 0,0001, x?= 48,27,
noxunoro — p = 0,0001, x?= 64,80; ctapeyoro — p = 0,0001, x2= 24,04. BuaHauunu, Lo YacTka NaLieHTOK CepeaHbOro
BiKY, SIKi Kypunn KnacuyHi curapeTt, 4OCTOBIPHO MEHLLA 3a YacTKy YOnoBikiB BianosigHoro Biky (p = 0,0001, x? = 56,02);
BiANOBIAHO, 1 Y BiKOBIV rpyni NavjieHTiB noxunoro Biky — p = 0,0001, x?= 40,47, ctapeyoro Biky — p = 0,0001, x?= 35,70.
MpoaHanisdyBaBLuUM AaHi WOZO BiAMOBY Bif KypiHHS, BCTAHOBWIIW: List YacTka ocib 3 BikOM JOCTOBIpHO 36inbluyBanacs y
rpyni 4onoBikis. LLoAo »iHOK, Siki MOKUHYMK KypUTK, BU3HAYWIM 3BOPOTHY TEHAEHLIO: 3 BIKOM YacTka 0oci, siki MOK1Hynm
KypuTK, JOCTOBIPHO 3MEHLLYyBanacs.

BucHoBku. Yonogiku 3 IXC focToBipHO YacTiLue Kypunu knacuyHi curapetm (p = 0,0001, x2= 37,37). Cepep 4onoBikiB MONogoro
BiKYy YacToTa KypiHHS1 KIaCUYHKX CuUrapeT JOCTOBIPHO HIkYa 3a BignoBigHWIA NOKa3HUK y 4oroBikiB cepeaHboro (p = 0,0001,
X2=48,27), noxunoro (p = 0,0001, x*= 64,80) Ta ctapeyoro (p = 0,0001, x2= 24,04) Biky. YXiHKi KypWiv eNEKTPOHHI CUrapeTu
[OCTOBIPHO YacTilue 3a Yonogikis (p = 0,008, x2= 7,12), kpiM TOro, NaLEHTKN KypWUIu KNacu4Hi curapeT 4OCTOBIPHO MEHLLEe
y cepeaHbomy (p = 0,0001, x?= 56,02), noxunomy (p = 0,0001, x?=40,47) Ta ctapedomy (p = 0,0001, 2= 35,70) BiLi.

Analysis of the prevalence of tobacco smoking in different age groups of patients
with ischemic heart disease taking gender into account

0. 0. Zhurba, V. V. Lazoryshynets, A. V. Rudenko, K. V. Rudenko

The aim to analyze the prevalence of classic and electronic cigarette smoking among patients with coronary artery disease
of different ages, taking into account gender.

Materials and methods. The study included patients with CAD (n = 3674), both male (n = 3061) and female (n = 613). The
material for analysis was anamnestic data on smoking classic or electronic cigarettes. The research design is based on the
patient’s age group according to the WHO classification and gender.

Results. It was found that men with coronary artery disease smoke classic cigarettes significantly more often than women
(p=0.0001, x2= 37.37). It was established that female patients smoke electronic cigarettes significantly more often than male
patients (p = 0.008, x2=7.12). It was determined that the frequency of women who have never smoked is significantly higher
than the frequency of male patients (p = 0.005, x?= 8.03). It was found that in young male patients, the frequency of smoking
classic cigarettes is significantly lower than the frequency in age groups: middle age (p = 0.0001, x? = 48.27), old age (p =
0.0001, x =64.80); oldest age (p = 0.0001, x? = 24.04). It was found that middle-aged female patients smoke classic cigarettes
significantly less than men of the same age (p = 0.0001, 2= 56.02); respectively, in the old age group (p =0.0001, x> = 40.47)
and in the oldest age group (p = 0.0001, x2= 35.70). When analyzing smoking cessation, it was found that the frequency of
individuals significantly increased with age in male patients. As for female patients who quit smoking, the reverse trend was
established: with age, the proportion of people who quit smoking reliably decreased.

Conclusions. It was found that men with coronary heart disease smoke classic cigarettes significantly more often (p = 0.0001,
¥2=37.37). It was established that among young men, the frequency of smoking classic cigarettes is significantly lower than
the corresponding frequency among middle-aged men (p = 0.0001, x?>= 48.27) and old men (p = 0.0001, x* = 64.80) and
oldest age men (p = 0.0001, x2= 24.04). It was found that female patients smoke electronic cigarettes significantly more often
than men (p = 0.008, x2=7.12). It was found that female patients smoke classic cigarettes significantly less in: middle age
(p=0.0001, x2=56.02), old age (p = 0.0001, x2=40.47) and oldest age (p = 0.0001, x? = 35.70).
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He3Baxatoum Ha HeOHO3HAYHICTb BUCHOBKIB LLIOAO ENek-
TPOHHMX CUCTEM JOCTaBKW HIKOTUHY, SIKi 3p0o0unv ekcnep-
TV B rany3i OXOpOHM 300POB’s Ta (haxisLi 3 MiXHAPOAHNX
opraHisaLii, koTpi 3aimMaroTbes npobnemamm KypiHHS,
KinbKiCTb KOPUCTYBAYIB LIMMU NPUCTPOSIMU Y CBITi HEBMUH-
Ho 3pocTae [1]. Tak, 3rigHO 3 ony6nikoBaHUMM JaHUMK,
yacTka KOpuCTyBayiB ENeKTPOHHUMY curapeTamm y 27
KkpaiHax €sponeticbkoro Cotody B nepiog 2012-2014 pp.
3pocna 3 7,2 % po 11,6 %. OnutyBaHHs, 3aiACHeH B
CLA, nokasanu, wo Big 3,7 % 0o 4,9 % ocib, cTapLumx
3a 18 pokiB, KOPUCTYIOTLCSA EMNEKTPOHHUMM CUCTEMaMU
[OCTaBKM HikoTWHY, y Benukin Bputanii — 4,0 % [1].

BWBYEHHS MOTMBALYT LLIOAO NPUYMHN BUKOPUCTAHHS
€MEeKTPOHHMX CUCTEM JOCTaBKU HIKOTMHY CBifUMTb, LIO
GinbLuicTb KOpMCTyBayiB obpanu Ui npucTpoi sk 3acid
BiAMOBUTUCS Bif, KypiHHSA (57-97 %), ANS 3HWKEHHS iH-
TEHCUBHOCTI KYPiHHSA (58—92 %), 3MEHLLIEHHS WKoam Ans
3710POB’SA, 3yMOBMEHOI KNacu4H1M KypiHHAM (52 %), Ans
3anobiraHHs BUHUKHEHHIO CUHAPOMY CKacyBaHHS (77 %)
Ta peumnamsy KypiHHs (77 %) [1].

Cnig BpaxoByBaTu, LLO BiK, pPiBEHb OCBITU | OXOAY,
CTaTyC KypiHHS OMUTaHKX CYTTEBO BNMBAOTL | HA CTaB-
NEeHHsI 10 3aCTOCYBaHHS eMEKTPOHHUX CUCTEM AOCTaBKY
HIKOTUHY, i HA MOXINMBICTb iX 3acTOCyBaHHS. 3rigHo 3
JaHvMy gocnimkeHHs [2], nepexid A0 3acTOCyBaHHS
€MEeKTPOHHMX CUCTEM AOCTaBKW HIKOTUHY XapaKTepHWiA
Ans oci6 i3 NOMipPHO BUCOKWM | BUCOKM CTYNEHEM HiKO-
TWMHOBOI 3aNEXHOCTI. HUHI aKTUBHO BUBYAKOTb MOXIMBICTb
3aCTOCYBaHHS €MEKTPOHHKX CYCTEM JOCTaBKU HIKOTUHY
K anbTepHaTMBM KMacU4YHOMY KypiHHIO B OCIO, KOTpi He
MOXYTb 200 He MatoTb BaxkaHHs! BIGMOBUTHCS Bifl THOTHOHY.

BnnuB KypiHHS KNacU4HKX CUrapeT Ha MOLLIKOMKEHHS!
€HOOTENi0 CyAUH | PO3BUTOK CEPLIEBO-CYANHHIX 3aXBO-
proBaHb BXe [oBoni Jobpe BuBYeHO [3]. Pasom i3 Tum,
BMIIMB Ha CYMHW i CepLie KOPUCTYBayiB eNeKTPOHHMX
curapeT 0CTaToMHO He BCTaHOBMeEHO. Bigomo, wo kypui,
SIKi LLIOIEHHO 3aCTOCOBYHOTb EMEKTPOHHI CUrapeTH, MarTb
niABULLEHNI hakTop prauKy iHdapkTy miokapaa (IM) [4].
Puank po3suTky IM BUSIBUBCS CXOKMM Y KYPLIB KIacUYHMX
curapeT Ta enekTPOHHUX, @ TaKoX B OCID, ki NPaKTUKyOTb
nofaBiliHe 0fHOYAaCHe 3aCTOCYBaHHS (KnacuyHe KypiHHS
Ta enekTpoHHi curapetn) [5]. Y ®pemiHremcbkomy focni-
mxeHHi (Framingham Heart Study) nokasaHo cunbHwWiA
B3aEMO3B'SI30K Mi>K KOPCTKICTIO a0PTU Ta BULLOK YacTo-
TOK CEPLIEBO-CYANHHUX MOAIN [6].

3miHa CTiHOK apTepiii, 30KpemMa eHAOTENit0, 3yMOBITHOE
NiABWLLEHHS CEPLIEBO-CYAMHHOTO PU3NKY, BKMOYaYM
cepLeBy HeoCTaTHICTb, IM Ta MiABMLLEHHS CMEPTHOCTI.
[emoavHaMi4HO NEPLUMMU MOZISMK, SiKi CTat0Tb 04eBUa-
HUMK, € MIABULLEHHS apTepianbHOro TUCKY, CepLEBOro
HaBaHTaXXeHHS Ta 3HWXeHHs nepdysii miokapaa. CTpyk-
TYPHi KOMMNOHEHTW apTepianbHOi CTiHKW Hacamnepes
BM3Ha4aloTb apTepianbHy XopcTkicTb. OUiHIOBaHHS
apTepiasibHOi KOPCTKOCTi 3a3BMYait 34INCHIOTL 3a aop-
TanbHO-CTErHOBO LBMAKICTIO Nynbcosoi xeuni (PWV),
T06TO YacoM, LU0 HeODXiaHWIA apTepianbHOMY MynbCey Ans
MOLLUMPEHHS Bif COHHOI 10 CTErHOBOI apTepii. Y Kinbkox
JOCTIDKEHHSAX MOKa3aHo, LLIO eMEKTPOHHI curapeTy 36inb-
wytote PWV [7,8,9].

Y pesynetati gocnigy Ha nabopatopHux MuLiax
BCTaHOBIIEHO, LLO Y TBAPWH, SIKi 3a3HaBany BNvBY napu
3 €MeKTPOHHWX CUrapeT MpoTsroM 5 fi6 Ha TUXOEHD,
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yepes 8 micAuiB 36inbLUyBanacs XXOpCTKICTb aopTarbHUX
aptepin, BumipaHa 3a PWV [10].

[nsa B13Ha4YeHHa audepeHLiaLii cyauHHUX edekTiB
BiZ 4ii HIKOTWHY 3AIMCHUNVM cnine NnepexpecHe AOCMiMKeH-
HS 32 y4acTIO NALEHTIB, SKi KypWUIn KNacuyHi curapeTm
6€e3 HIKOTUHY, ENeKTPOHHI CUrapeTu, BENNU 3 HIKOTUHOM
i pikTBHO «BennyBanuy» [9]. Peaynbrati kniHivHUX J0-
CIiKeHb NoKa3anw, Lo HIKOTWH 3 ENEKTPOHHUX curapet
NpUrHivye yHKUiK0 eHaoTenito MikpocyauH, 36inbLye
apTepianbHy XOPCTKICTb | CNPUYMHAE NiABULLEHHS PiBHSA
Mmienonepokcngasv B nnasmi [9]. EnekTpoHHi curapetn
6€e3 HIKOTMHY He 3MIHUIU (PyHKLIOHANBHMIA CTaH MiKpo-
LIMPKYTSILLi, @ TaKoX Mapkepy apTepianbHOi )OpPCTKOCTI
Ta OKucHoro ctpecy [9].

B iHLIOMY HaykOBOMY JOCHIKEHHI B rpyni 300pOBUX
[06poBonbLIB BUSBANM ABa GiomMapkepu MigBULLEHOMO
CYOMHHOTO PU3UKY: MIKPOBE3WUKYNU W engoTenianbHi
KMiTUHK-NONEPEeaHUKN — 36inbLUEHi Nicnst 3aCTOCyBaHHS!
€rneKkTpoHHMX curapet [11].

Ha TBapuHHMX Mopensax (Ha nabopaTopHux mu-
wax), ski npotarom 60 TvxHIB 3a3HaBany BNVBY nNapu
3 eNEKTPOHHMX CUrapert i3 KOHLEHTPALIE HIKOTUHY
0-24 wmr/mn, BUSIBNEHO eHpoTenianbHy AMCyHKLi Ta
36iNnbLUEHHS eHpoTenianbHUX akTUBHUX POPM KUCHIO,
KPiM MOTOBLLEHHS CTIHKM CyOMH, L0 3a5exarno Bif Hiko-
TuHy [12]. EKCnepuMeHTV Ha MuLLIax nokasanu Takox,
LLI0 3aCTOCYBaHHS €NEKTPOHHUX CUrapeT NpU3BOAMTL 40
po3’eaHaHHs engoTeniansHoi cuHTasn (eNOS), a yTBo-
PEHHSI NEPOKCUHITPUTY MOXE CMIPUMUHUTYI AUCYHKLiO
HiTpuTy asoty (NO) [13].

[aHi HaBegeHUX HayKoBWX OOCHiLXeHb nokasanu
aKTyanbHICTb BUBYEHHS MOLIMPEHOCTi KMacu4yHOro Ky-
PiHHS T €NEeKTPOHHUX CUCTEM JOCTaBKM HIKOTUHY Ha
TBapUHHUX MoAensX i Ha oOpoBonbLsX. Pesynsratv umx
JOCTifpKeHb NiATBEPANUIIN HAsSBHICTb aHAaTOMIYHO-(DYHK-
LioHanbHUX 3MiH eHOO0TENio apTepin.

Mig Yac uporo JOCNIMKEHHS BUBYAIMN NOLUMPEHICTb
TIOTIOHOMANIHHS — i KNACUYHOIO KYPiHHS, 1 eNeKTPOHHUX
CUCTEM [OCTaBKW HIKOTWHY, B MaLi€HTIB 3 ilUeMiYHO0
xBopoboto cepus (IXC).

Merta po6otu

[poaHanidyBaTi NOLIMPEHICTb KYpiHHA KNacuyHUX Ta
€MNeKTPOHHUX curapeT cepeq NauieHTiB 3 ileMiYHo
XBOPOOOI CepLst Pi3HOTO BiKy, BPaX0OBYHOUM iXHIO CTaTb.

Martepianu i meToAU AOCAIAKEHHA

[o pnocnimkeHHs 3anyuunu nauieHtis 3 IXC, skum Bu-
KOHaHO KOPOHApHE LUYHTYBaHHSA Ha CepLi, L0 NpaLtoe,
3a nepiog 2015-2021 pp. Ha Gasi [JepxaBHOi yCTaHOBM
«HauioHanbHUM iIHCTUTYT CepLEeBO-CYAUHHOI Xipypril IMeHi
M. M. Amocosa HAMH YkpaiHu» Ta KomyHansHoro Henpu-
6YTKOBOrO NignpreMcTBa «4epkacbkuii 06racHuin kKapaio-
noriYHui LeHTp Yepkacbkoi obnacHoi paauy. 3aranbHui
o6csr Bubipku — 3674 ocib. 1o gocnimkeHHs 3anyyany i
YOIOBIKIB, i >IHOK, iXHii cepeHii Bik — 60,6 + 0,8 poky.
Martepian ons aHanidy — aHaMHeCTUYHI JaHi Woao
€nocoby KypiHHS (KnacuyHe abo 3aCTOCYBaHHS enek-
TPOHHWX NPUCTPOIB JOCTaBKM HIKOTUHY) Ta CTaxy KypLs.
[OusaiiH gocnimxeHHs nobyfoBaHUi 3 ypaxyBaHHAM

Pathologia. Volume 21. No. 3, September — December 2024



OpwuriHaAbHiI AOCAIAXKEHHS

Tabauusa 1. AHanis nowmMpeHoCTi KypiHHS KNACUYHUX Ta ENEKTPOHHUX curapeT cepea nauieHTis 3 IXC (n = 3674)

P Y PR PR PR PO

KnacuyHi curapetv 1587 43,2 1387 453 200 32,6 p =0,0001, x? = 37,37
EnekTpoHHi curapetu 173 47 107 815 66 10,8 p=0,008, x2=7,12
MoagiHe BUKOPUCTaHHS 41 1.1 29 0,9 12 1,9 p 20,05

MokuHynu 672 18,3 571 18,7 101 16,5 p 20,05

Hikonu He kypunn 1201 32,7 967 31,6 234 38,2 p =0,005, ? = 8,03

HaneXHOCTi NavjieHTa 4o BiKOBOI rpyny 3a knacudikallieto
BOOS i crari.

[JocnifxeHHs 34iINCHWUN, JOTPUMYHOUNCE OCHOBHUX
nonoxeHb «paBun ETMHHUX NPUHLMMIB NPOBEAEHHS HAY-
KOBUX MEAVYHUX AOCTIIKEHD 32 YHaCTHO IIOAVHUY, LLO 3a-
TBEpIKEHI MEenbCiHCbKO AeknapaLieto (1964—-2013 pp.),
ICH GCP (1996 p.), a Takox Qupektvieun €C Ne 609 (Bia
24.11.1986 p.), HakasiB MO3 Ykpainu Big 23.09.2009 p.
Ne 690, Big 14.12.2009 p. Ne 944, Big 03.08.2012 p.
Ne 616. MauieHT Gpanu y4acTb y oCRimKeHHI 3a Bnac-
HUM BaxkaHHsM, LLO NiATBEPAKEHO OCOBUCTUM NiaNUCOM
B iH(hopMOBaHi 3rofi Ha yyacTb. KoxHoro nauieHTa
0co61CTOo NoiHopMyBanu LWOAo “oro 060B’A3KiB | Npas,
a TaKoXX MOXITMBOCTI MPUNUHUTY y4acTb Y AOCHIIKEHHI B
Oyab-Kuii MOMEHT i 6e3 Byab-AKu1X HaCniaKiB, NOSCHEHHS
MPUYMH CBOIX AilA.

CTaTuCTUYHMN aHani3 [OCTOBIPHOCTI BiAMIHHOCTEW
30INCHUAN MK rpynaMu AocnimkeHHs. BigmiHHOCTI oui-
HroBanu sk BiporigHi npu 0,05; BU3Ha4anu 3a Kputepiem
X? 3 monpaekoto EiTca.

PesyAabTati

[o pocnigxenHs 3anyuunu 3674 xsopux Ha IXC, skum
BUKOHAMNV KOPOHAPHE LUYHTYBaHHS Ha CepLi, LLO NpaLoE.
Cepegpiit Bik nauieHTis craHosws 60,6 + 0,8 poky; Biko-
BWIA AjanasoH (Bapiauinhni pag) — Big 36 o 92 pokis.
CrpykTypa Bubipku 3a ctatTio: 3061 YonoBik i3 cepeaHim
Bikom 60,0 = 0,9 poky, BikoBMI Aiana3oH — 36—92 poku;
613 XiHOK i3 cepeaHiM BikoMm 63,4 + 1,9 poky, BikoBWi
diana3oH — 38-83 poku. OTxe, y4aCHUKN AOCTIIKEHHS
3icTaBHi 3a BikoM. O4eBMAHO, LU0 B LIl BUGIpLLi YOMNOoBIKiB
3IXC ynm'arepo binbLue, Hix xiHok — 83,3 % npotn 16,7 %
BiANoBiAHO. BpaxyBaBLum cTaTb y4aCHUKIB, BCTAHOBUMN,
LLO CepefHiii BiK YOMOBIKiB Ha 3,4 pOKy MEHLLIMI 3a BiAno-
BiJHWI MOKA3HMK XiHOK, p 2 0,05. AHani3 aHaMHECTUYHIX
[aHVX LOoAO MOLIMPEHOCTI KyPiHHS KNACUYHUX Ta enex-
TPOHHUX CUrapeT HaBeaeHo B mabnuyi 1.

Y pesynbraTi CTaTUCTUYHOTO 3iCTaBMNEHHS AaHWUX
BCTaHOBWIW: YOMOBIKY, XBOpi Ha IXC, LOCTOBIPHO YacTilue
Kypumv KnacvyHi curapeTm (45,3 % ) NopiBHAHO 3 nauieHT-
kamu 3 IXC (32,6 %, p = 0,0001, x2= 37,37). BuzHauunu
3BOPOTHY TEHAEHLHO LLOAO0 3aCTOCYBaHHS eMEKTPOHHUX
CUCTEM JOCTaBKM HIKOTWHY. Tak, YacTKa XiHOK, siKi BUKO-
pUCTOBYBany €NeKTPoHHi curapetu, ctaHosuna 10,8 %,
i Le BiporiaHo Ginblue 3a BigMOBIAHY YacTKy YOMNOBIKiB
(3,5 %, p = 0,008, ¥*=7,12). BukopucTaHHs OfHO4YACHO
KMaCUYHUX curapeT Ta enekTPOHHMX 3adpikCoBaHO y
0,9 % yonosikiB Ta 1,9 % XiHOK, He XapaKTepu3yBanocs
CTaTUCTUYHOK JOCTOBIpHICTO, p = 0,05.

LLlono xapakTepucTuku KinbkocTi 0Cib, SKi Ha3aBxam
BiAMOBMWIUCS Bif KYpiHHSA TIOTIOHY, Bepyyn oo yearu
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CTaTb y4aCHUKIB, BCTAHOBMEHO NMEBHE MpeBasltoBaHHS
YoroBikiB, YacTka sikux ctaHoBuna 18,7 %, NOPIBHSHO 3
YacTKOH XiHOK — 16,5 %, ane CTaTUCTUYHOI AOCTOBIPHOCTI
He BusBMeHo, p = 0,05. MNMpoaHaniaysanu YacTky oci6, siki
HIKONW He Kypunu, BpaxoBytoumn cTaTb. BusHaumnu, wo
nuToMa Bara XiHok 3 IXC, siki Hikonu He Kypunu, CTaHo-
Buna 38,2 %, JOCTOBIpHO Ginblua 3a BignoBigHY YacTky
yonogikis — 31,6 %, p = 0,005, x*>= 8,03.

[nsa peTenbHoro aHanisy Ta JOCArHeHHst METU AOCHi-
[PKEHHS! LLOAO BMBYEHHS MOLUMPEHOCTI THOTIOHONAMIHHS
KMacu4HUX cuUrapeT Ta eneKTPOHHMX ceped NauieHTiB
3 IXC pi3Hux BiKOBWX rpyn, BPaxoBYKYM iXHIO CTaTb,
npoaHaniaysanu BignosiaHi AaHi. Pe3ynsratn HaBegeHo
B mabnuuysix 2, 3.

[poaHanisyBanu ctaTyc Kypusl B y4aCHWKIB LibOro
[OCTiMKEeHHS!, 30KpeMa YOMOBIKiB, Le pa3 niaTBepannu,
LU0 KyPiHHS KIACUYHUX CUrapeT 3aMLLaeTbes nowmpe-
HOIO LUKIAIMBOIO 3BUYKOLD. Tak, ii YacToTa BUCOKA B YCiX
BIKOBMX rpynax, ane HavBula — Y BikoBil rpyni 61-74
poKu, fe BoHa cTtaHoBwna 47,2 %. BuaHaumnu, o B rpyni
nauieHTiB MOMOAOro BiKYy YacToTa KYPiHHS KnacuyHmX
curapet ctaHosuna 30,8 %, Le OOCTOBIPHO MeHLUe 3a
BiINOBIAHUIA MOKA3HWK, BCTAHOBINEHWUI B iHLLIMX BIKOBUX
rpynax navjeHTis: cepegHboro — 45,2 % (p = 0,0001,
¥2=48,27), noxunoro — 47,2 % (p = 0,0001, x>= 64,80),
Ta ctapeyoro — 41,4 % (p = 0,0001, x2= 24,04) Biky.

OuiHnnu cTaTyc Kypus cepen y4acHULb JOCTimKeH-
Hs1, XBopuX Ha IXC, Ta BCTAHOBWIU, LLO KYPIHHS KNaCU4HIX
CcUrapeT TakoX € OBOIi NMOLLMPEHNM, ane BCe X PiaLUmMm,
HX cepen 4YonoBikiB. BuaHauunu, Wo nauieHTku cepea-
HBbOIO BiKY KypsiTb KMACUYHi cUrapetyt BiporigHO MeHLue
(29,7 %) nopisHsiHO Yornosikamm (45,2 %) — p = 0,0001,
¥2=56,02. Y rpyni y4acHwKIB NOXWIIOro Biky TaKOX BU3Ha-
YeHo Take cniBeigHoLLeHHST: 34,2 % xiHok NpoTn 47,2 %
yorogikie (p = 0,0001, x?>=40,47); y rpyni cTapeyoro Biky
— 28,6 % navuieHTok npotu 41,4 % 4YonoBikie, XBOPUX Ha
IXC (p = 0,0001, x>= 35,70).

Y pesynbrati aHanidy gaHux LWogo BMOTUMBOBAHO!
BiZIMOBM Bif] KypiHHS! Ha3aBXay BCTAHOBUIIN: YaCTKa TaKunx
ocib 36inbLyBanacs 3 BikoM, XapakTepuayBanacs cra-
TUCTUYHOKO JOCTOBIPHICTIO Cepes YOsoBiKiB. Tak, YacTka
YOrIOBIKiB MOMOZOTO BiKY, SIKi MOKWHYIM KypUTW, CTaHOBMMA
8,6 %, cepenHboro Biky — 14,8 % (p = 0,02, x>= 5,10),
noxunoro — 21,8 % (p = 0,007, x2= 7,34), ctapeyoro —
36,7 % (p = 0,0001, x>*= 45,51), cepeqn AOBrOXUTENIB —
100,0 % (p = 0,0001, x?= 43,86). LLlopo navjeHTok 3 IXC,
K HA3aBXaN KMHYNW KYpUTU, B HIX BUSIBUTIM 3BOPOTHY
TEHOEHLUi0: 3 BIKOM YacTka OCib, SiKi KUHYNW KypuTy,
3MeHLUlyBanacs. Tak, YyacTka XiHOK MOSIOLOro BIKY, SiKi
BigMoBUNMCS Bif KypiHHS, — 25,0 %, cepeaHboro Biky —
18,5 % (p=0,01, x?=6,44), noxunoro—15,8 % (p 2 0,05),
crapeyoro — 10,7 % (p = 0,07, x*= 3,23).
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Tabauusa 2. AHanis cTaTycy KypiHHS Y pi3HKX BiKOBWX rpynax naujieHTi-4onosikie 3 IXC (n = 3061), n (%)

BikoBa rpyna 3a knacudikauieto BOO3 KnacuyHi curapetu EnekTpoHHi curapetu | MopgiiiHe MoknHynu Hikonu He kypunu
BVIKOpVIcTaHHH
2(30,8) 2 (30,8) 9 (27,9)

Monogawuii Bik (25-44 pokm),

n=104 (3,4 %)

CepepHiii Bik (45-60 pokiB), 695 (45,2)
n =1537 (50,2 %)

Moxunui Bik (61-74 poku), 598 (47,2)
n=1268 (41,4 %)

Crapeumit Bik (75-90 pokiB), 62 (41,4)
n =150 (4,9 %)

Nosroxuteni (290 pokis), -
n=2(0,1%)

3aranom, n = 3061 (100,0 %) 1387 (45,3)

41(27)

34(2,7)

107 (3,5)

27 (1,8) 228 (14,8) 546 (35,5)
277 (21,8) 359 (28,3)
55 (36,7) 33(21,9)
2(100,0) -

29 (0,9) 571 (18,7) 967 (31,6)

Tabauusa 3. AHanis cTaTycy KypiHHS Y pi3HuX BIKOBWX rpynax xiHok, xBopux Ha IXC (n = 613), n (%)

BikoBa rpyna 3a knacudikauiero BOO3 KnacunuyHi curapetun EnekTpoHHi curapetu | MopgiiiHe Mokunynu Hikonu He Kypunu
BUKOPUCTaHHSA
2 (50,0) (25,0) (25,0)

Monogawii Bik (25-44 poku),

n=4(0,6 %)

Cepeniii Bik (45-60 pokis), 58 (29,7) 41(2,7) 0(1,8) 36 (18,5) 50 (25,6)

n=195 (31,8 %)

Moxwnwi Bik (61-74 pokis), 132 (34,2) 25 (6,5) 1(0,2) 61(15,8) 167 (43,3)

n =386 (63,0 %)

Crapeumit Bik (75-90 pokiB), 8(28,6) - 1(3,6) 3(10,7) 16 (57,1)

n=28 (4,6 %)

[osroxwuteni (290 pokis), - - - -

n=0

3aranom, n = 613 (100,0 %) 200 (32,6) 66 (10,8) 2(1,9) 101 (16,5) 234 (38,2)
3a3Hauumo, Lo MiHiMarbHa YacTka ocif, siki Hikonu 06r030peHHfl

HEe Kypuiu, BU3Ha4YeHa ceper YONoBIKiB CTapeyoro Biky
—21,9 %; cepen KiHOK Ljiei BikOBOI rpynu BU3Ha4Y€Ha Mak-
cyMarnbHa YyacTka ocio, siki He kypuu, 57,1 % (p = 0,0001,

¥2= 32,21).

lono BUKOPUCTAHHS €MEeKTPOHHUX NMPUCTPOIB
[IOCTaBKM HiKOTWHY BCTaHOBWIIU: BOHW KOPWUCTYBanucs
MoNUTOM NWLIE ceped NauieHTiB-40MO0BIKiB MONOAOro
Biky. Tak, YacTka umx ocib craHosuna 30,8 %, a y rpynax
XBOPUX CEpefHboro Ta noxunoro Biky — nuwe 2,7 %
(p =0,0001, 2= 147,03). NpoaHanisyBaBLUM AaHi LOAO
3aCTOCYBaHHS EMEKTPOHHUX CUCTEM JOCTABKM HIKOTUHY
cepeq XiHOK, BCTAHOBMWIW: MaLiEHTKV MOSIOA0rO BiKY HAMM
HE KOPUCTYBANMCS, YacTka XiHOK CepeaHbOro BiKy CTaHO-
Buna 2,7 %, noxurnoro Biky — 6,5 % (p = 0,05).

MpoaHanisyBanu 4acTky ocib, siki, Hamaraw4uch
NOKWMHYTU KYPUTW KIaCUYHi curapeTu, 4o4aTKoBO KO-
PUCTYIOTbCS ENEKTPOHHUMU curapeTaMu — rpyna Tak
3BaHOr0 «MOABINHOMO BUKOPUCTAHHSAY.
LU0 Cepen YYaCHWKIB LibOro AOCHIMKEHHS YacTka Takux
0cib He3HayHa: cepen Yonosikie — 0,9 %, cepen XiHOK —
1,9 % (p 2 0,05). Y pesynbrarti aHanisy, BpaxoBytoun Bik
navjeHTiB 3a knacudikauieto BOO3, BM3HauMnmM BikoBi
rpynu navuieHTiB, B SiKMX MOABIiHE BUKOPUCTaHHS Byno
HavnoLmpeHiLmm. Tak, BCTAHOBUMM, LLO YacTKa Yvoro-
BikiB 3 IXC monoporo Biky ctaHoBuna 1,9 %, gaHux npo
NozBiliHE BUKOPUCTaHHS XiHkaMu He 3adhikCoBaHO; YacTka
YOrOBIKiB i XXiHOK CepeaHbOro Biky ogHakoea — 1,8 %. LLe
0fiHa 0COBNMBICTbL NOABINHOIO BUKOPUCTaHHS, BCTAHOBME-
Ha y nauieHTok 3 IXC, — HanbinbLua B LibOMY JOCTIIKEHHI
yacTka ocib, siki OfHOYaCHO BUKOPWUCTOBYBAIM KIACKYHi
Ta eNeKTPOHHI curapeTu, crapeyoro Biky — 3,6 %; cepen

YOmOBIKIB TaKi BUNAAKW HE 3apeeCTPOBaHi.
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BcraHoBunu,

Y pesynbrati 4OCNIMKEHHS 3 BUBYEHHS MOLUMPEHOCTI
TIOTIOHOMAMIHHSA B Pi3HUX BiKOBKX rpynax navieHTis 3 IXC,
BPaXOBYH4M iXHIO CTaTb, BU3HAYEHI YaCcTKM OCIO, siki Kypunu
KnacuyHi curapety Ta/abo enekTpoHHi curapetu. Bigomo,
LLIO MOLLIMPEHICTb KypPiHHS KIAaCU4HKX curapet yna makcu-
marbHot y 1960-x pokax. Tak, y 1965 poui marixe 42 %
popocroro HaceneHHs CLUA 6ynu kypusimm TioTioHy [14].
PesynsraTti oChimKeHHs, L0 34INCHANK, NiSTBEPIKYIOTh
Ui faHi BignoBigHO 4O BIKOBMX rpyn MaLieHTiB-4OMOBIKiB.
3rigHo 3 pesynkTatamit Cy4acHWX LOCTiLKEHb, CTAaHOM
Ha 2019 pik piBeHb KypiHHS KNAaCU4HWX curapeT cepep Ao-
POCHOro HaceneHHs BikoM 18 pokiB i cTapLue 3HM3MBCS 0
14 % [15]. BTim, | AOCI KyPiHHSA 3aNMNLLIAETLCA HAA3BUYAHO
MOLUMPEHOH LUKIAMMBOK 3BUYKOH.

HesBaxatoum Ha Te, L0 YacToTa KypiHHS KNacuyHmUX
CHrapert 3a OCTaHHi POKW 3MEHLLMIIACcS BHACTIZOK BUXOZY
Ha PUHOK ENEKTPOHHWX MPUCTPOIB AOCTaBKU HIKOTUHY,
KinbKIiCTb OCI0, 3anexHWX Bif HIKOTUHY, 30epiraeTbes.

Y pesynbrati HayKoBWX JOCTIiIKEHb BCTAHOBMEHO, LU0
€NEeKTPOHHI cUrapeTw, AMOBIpHO, y MabyTHEOMY NpuaBe-
AyTb OO0 eheKTy KMacuyHoro KypiHHs cepen mioden, s
Hikonwu paHiwe He kypunu [16,17]. 3a gaHummM Haworo
[OCTIDKEHHS Ui BUCHOBKM CKIQAHO CMpOCTyBaTW, ane
BCTaHOBIEHO, LU0 MOLUMPEHICTb BUKOPUCTAHHS €NEeKTPO-
HHUX CUrapeT 3anuLaeTbCs JOCUTb HU3bKOH, KPIM rpynu
YOIOBIKiB MOMOAOTO BIKY.

BucHoOBKM

1. Yonosiku 3 IXC pocToBipHO yacTille Kypum
KnacuyHi curapetu nopiBHAHO 3 xiHkamu (p = 0,0001,
X2=37,37). MauieHTku, 3anyyeHi 4o JOCMILKEHHS!, BUKO-
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PUCTOBYBaNu eNEKTPOHHI CUrapeTh JOCTOBIPHO YacTille
3a yorogikis (p = 0,008, x2=7,12).

2. MNMutoma Bara xiHok 3 IXC, siki Hikonm He Kypunu,
[0CTOBIpHO Binblua, Hix nauieHTiB-4yonogikis (p = 0,005,
x?=8,03).

3.Y 4onogikiB MONOJOrO Biky, 3aMy4eHNX 40 AOCHImMKEH-
HS1, YacToTa KypiHHS KIMacU4YH1X cUrapeT AOCTOBIPHO HIDkYa
32 BignoBigHWI NOKa3HWK B IHLLKX BIKOBUX rpynax: cepen-
Hboro Biky —p = 0,0001, x2= 48,27, noxunoro — p = 0,0001,
¥?=64,80; crapeyoro —p = 0,0001, x?= 24,04. BusHauumnu,
LU0 YaCTKa MaLieHTOK CepeaHbOro BiKY, SIKi KypUnv KNacuyHi
CcurapeTyt, JOCTOBIPHO MEHLLIA 32 YacTKy YOMOBKiB BignoBia-
Horo Biky (p = 0,0001, ¥2= 56,02); BianoBigHo, i y BiKOBil
rpyni nauieHTiB noxunoro Biky — p = 0,0001, x?= 40,47,
crapeyoro Biky — p = 0,0001, 2= 35,70.

4. MpoaHaniayBaBLUM AaHi LLOAO BiAMOBY Bif KyPiHHS,
BCTaHOBWNK: LS YacTka ocib 3 BikoM JOCTOBIPHO 30inb-
LyBanacs y rpyni 4onosikis: cepeaHboro Biky —p = 0,02,
X2 = 5,10, noxunoro — p = 0,007, x?= 7,34), cTapeyoro
Biky —p = 0,0001, x2= 45,51, posroxwuTenis —p = 0,0001,
X2=43,86. LLloo xiHOK, SIKi MOKUHYIIN KypUTH, BU3HAUMNW
3BOPOTHY TEHEHLit0 — 3 BIKOM YacTka 0Cib, siki MOKUHYNM
KypWTK, JOCTOBIPHO 3MeEHLUYyBanacs: CepenHLoro Biky
—p =0,01, x?= 6,44, noxunoro — p 2 0,05, ctapeyoro —
p=0,07, x*= 3,23.

MepcneKTMBU NOAAABLUMX AOCAIAMKEHb NOMNAraloTh Yy
BUWBYEHHI BMNMBY €MNEKTPOHHWX CUrapeT i NoABINHOro 3a-
CTOCYBaHHS (KNacu4Hi curapeTu Ta enekTpoHHI NpUcTpol
[,0CTaBKM HIKOTUHY OAHOYACHO) Ha CTaH CepLEBO-CYaANH-
HOI CMCTEMU, PU3VK PO3BUTKY XBOPOD crcTeM KpoBOOGIry
Ta (Pi3NYHy aKTVUBHICTb NALEHTIB.
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FopmoHaAbHO-MeTaboAiuHI MapKepH Ta IXHi B3aEMO3B’A3KH
Y XBOpPUX Ha iluemiuHy XxBopoOy cepus nicas nepeHeceHoi
KOpoHaBipycHoi xopobu COVID-19

C. M. MaHyinoB®*ABCDE H, C, MuxannoBcbkaABCEF

3anopi3bknii AepxaBHWUI MeAUKO-GapMaLeBTUYHUI YHIBepCHTET, YKpaiHa

OpwuriHaAbHiI AOCAIAXKEHHS

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

F - octatouHe 3aTBEPAXEHHS CTaTTI

Merta po6otu - gocnignTi 0cobnmBoCTi 3MiH rOPMOHanNbHO-METAbOoMNIYHMX MapKepIB Ta iXHi B3aEMO3B'si3kK 3 HelpoBereTa-
TWBHWUMMU NOPYLLEHHAMY Y XBOPUX Ha iLueMiyHy xBopoby cepus (IXC) nicns nepeHeceHoi kopoHasipycHoi xsopoon COVID-19
(y long-COVID nepiogi).

Marepianu i metoan. Obctexmnm 71 xBoporo Ha IXC: cTabinbHy cTeHokapaito HanpyxeHHs II-l1l OK (sik — 69,0 (64,0; 76,0)
poky). MauieHTiB noginunn Ha ABi rpynu: 4o nepLuoi (OCHOBHOI) 3anyunnun 31 xsoporo Ha IXC nicns nepeHeceHoi KOpoHaBi-
pycHoi xopo6u COVID-19 (y long-COVID nepiogi); ao apyroi (nopisHsaHHs) — 40 nauieHTie 3 IXC, Aki He Manu B aHaMHesi
COVID-19. [lo KOHTPOIbHOI rpynu 3anyynnu 15 npakTuyHo 300poBwX 0ci0. BU3Haumnm KOHLEHTPALLito Ba3OMpPeCKHY, rpeniHy,
iHCyniHy B CYpOBATLIi KPOBI 32 JOMOMOTOH0 iIMyHOPepmeHTHOro aHanisy. Ingekc HOMA po3paxyBanv 3a Bigomoto hopmysoto.
CTaTCTUYHO JaHi onpaLtoBany BignoBiaHO A0 YWHHWX BUMOT.

Pe3yabratu. Y xBopux Ha IXC y long-COVID nepiogi BUSIBNEHO CYTTEBI 3MiHW FOPMOHAbHUX | MeTabomiuH1X MapkepiB nopis-
HSIHO 3 KOHTPOMbLHOIO rpynoto Ta 3 xBopumu 6e3 COVID-19 B aHamHe3i: 36inbLUeHHs KOHLEHTpaLii BasonpecuHy Ha 70,23 %
Ta 33,38 %, iHcyniHy Ha 52,16 % Ta 32,76 %, piBHs rnoko3un Ha 31,20 % Ta 20,00 %, iHaekcy HOMA Ha 60,00 % Ta 35,77 %,
3HWKEHHS PiBHSA aKTUBHOTO rpeniHy Ha 45,71 % Ta 49,20 % signosigHo (p < 0,05). KinbkicTb XBOPKX 3 iHCYNIHOPE3NCTEHTHI-
cTto B 1 rpyni LocTOBIpHO GinbLua nopiBHsHO 3 2 rpynoto (x* = 0,516, p < 0,001). BctaHOBNEHO 3BOPOTHI KOpensiLliiiHi 38’53k
MiX piBHeM rpeniHy Ta BasonpecuHoMm (r = -0,33, p < 0,05), iHcyniHom (r = -0,25, p < 0,05) Ta ingekcom HOMA (r = -0,24,
p < 0,05), a Takox NpsMUI KOpensLiHWiA 38’A30K MiX piBHEM BasonpecuHy Ta iHgekcom HOMA (r = +0,26, p < 0,05). Kpim
TOro, y xBopux Ha IXC y long-COVID nepiogi BUSIBNEHO LUMPOKUIA CNEKTP LOCTOBIPHUX KOPENALLA MiX piBHEM Ba30NpPeCuHy,
rperniHy Ta CTyneHem TPUBOXHO-AENPECUBHUX, KOTHITUBHUX | BEreTaTBHWUX NOPYLUEHb.

BucHoBku. MNigTBEpMKEHO CNiMNbHI MEXaHi3MW PO3BUTKY FOPMOHAmNbHO-METAbOMIYHMX NOPYLUEHb | BUHUKHEHHS! TPUBOXHO-
[EeNPEeCVBHUX, KOTHITUBHUX PO3naiB, BeretatmBHOro aucbanaHcy Ha Tni nepeHanpyKeHHs yHKLiOHaNbHO-aganTauinHnx
npouecis y xBopux Ha IXC y long-COVID nepiogi.

Hormonal-metabolic markers and their relationships in patients with coronary heart disease
after suffering from the COVID-19 coronavirus disease

S. M. Manuilov, N. S. Mykhailovska

The aim of the study. To investigate the peculiarities of changes in hormonal and metabolic markers and their relationships
with neurovegetative disorders in patients with coronary artery disease after suffering from the COVID-19 coronavirus disease
(in the long-COVID period).

Materials and methods. 71 patients with coronary artery disease were examined: stable angina pectoris Il-Ill FC (age 69.0
(64.0; 76.0) years): 1 group (main) — 31 patients with coronary artery disease after suffering from the COVID-19 coronavirus
disease (in the long-COVID period); Group 2 (comparison) — 40 patients with coronary artery disease who did not have a his-
tory of COVID-19. 15 practically healthy people were included in the control group. The concentration of vasopressin, ghrelin,
and insulin in blood serum was estimated using immunoenzymatic analysis. The HOMA index is calculated according to the
generally accepted formula. Statistical data processing was carried out in accordance with modern requirements.

Results. Significant changes in hormonal and metabolic markers were found in patients with coronary artery disease in the
long-COVID period in comparison with the control group and with patients without a history of COVID-19: an increase in the con-
centration of vasopressin by 70.23 % and 33.38 %, insulin by 52.16 % and 32.76 %, glucose level by 31.20 % and 20.00 %, HOMA
index by 60.00 % and 35.77 %, reduction of active ghrelin level by 45.71 % and 49.20 % (p < 0.05) respectively. The number of
patients with insulin resistance in the 1st group was significantly higher compared to the 2nd group (x>=0.516, p <0.001). Inverse
correlations were established between the level of ghrelin and vasopressin (r=-0.33, p < 0.05), insulin (r=-0.25, p < 0.05) and the
HOMA index (r = -0.24, p < 0.05); direct correlation between the level of vasopressin and the HOMA index (r = +0.26, p < 0.05).
In addition, a wide range of reliable correlations between the level of vasopressin, ghrelin and the degree of anxiety-depressive,
cognitive and autonomic disorders were found in patients with coronary artery disease in the long-COVID period.

Conclusions. The obtained results confirm common mechanisms between the development of hormonal and metabolic disorders
and the occurrence of anxiety-depressive, cognitive disorders, vegetative imbalance against the background of overstrain of
functional adaptation processes in patients with coronary heart disease in the long-COVID period.
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ILuemivHin xBopobi cepus (IXC) HanexuTb ofHe 3 NpoBia-
HUX MiCLb Y CTPYKTYpi CEPLIEBO-CYANHHUX 3aXBOPOBaHb
(CC3) He nuwe B YkpaiHi, ane 11 B ycbomy cBiTi [1]. 3a
JaHUMKU OQPILAHOI CTATUCTUKW, CMEPTHICTb BHACMIAOK
CC3 nocigae neplue micue i ctaHoBuTb 60,36 %, BHac-
nigok IXC — 42,19 % [2].

Mig yac naHaemii COVID-19 BCcTaHOBNEHO 3Ha4He
3pOCTaHHs 3axBoptoBaHoCTi Ha CC3, 3okpema yepes
3HVKEHHSA (Di3NYHOI aKTUBHOCTI Ha TMi TPUMBOXHO-AE-
NPECWBHUX PO3aziB, NOB'3aHNX 3i CTPAXOM OTPUMaHHS
MeOMYHOI AOMOMOrM Ta MOXIMBOI rocnitanisauii. Me-
TaaHania 40 gocnimkeHb 3a yyacTio 22 148 nauieHTiB
nokasas, Lo IXC marixe BTpudi 36inbLLYE pU3vk cMepTi
npu COVID-19 yHacnigok noripLUeHHs MPOrHO3y LibOoro
3axBoptoBaHHs [3]. Came TOMy akTyanbHUM 3anuiia-
€TbCSA MOLYK Biomapkepis, IO AadyTb 3MOry OLHUTK
iIMOBIpHICTb PO3BUTKY YCKMaAHeHb Y navjeHTiB 3 IXC nicns
nepeHeceHoro COVID-19 [4,5].

3-noMiX Takux MapkepiB MOTEHLiAHO KOPUCHWUM
Moxe ByTu BU3HAYEHHS KOHLEHTpaLii Ba3onpecuHy
(BIM) — HeiporopmoHa NenTUAHOI NPUPOAMU, LLO CUHTESY-
€TbCS HENPOCEKPETOPHUMY BENUKOKMITUHHAMU SApamMm
rinotanamyca. Bl Bigirpae BaxnvBy ponb y perynsuii
GanaHcy pigvHW, OCKINbKY 3MEHLLYE EKCKPELLito BoAM Ta
MiABULLYE OCMOMNSPHICTb Cevi B HUPKaX LUMSXOM iHAYKUiT
BCMOKTYBaHHS! PifiHN B HUPKOBUX KaHambLSIX i BA30OKOH-
cTpuKUii [6]. AkTuBauis cuctemu Bl Bigirpae kntoyoBy
porb y NiATPUMLi OCMOTWUYHOTO, CEPLIEBO-CYANHHOTO Ta
cTpecoBoro romeoctasy npu COVID-19 [7]. BcraHos-
NEHO, WO rinepakTuealia cuctemmn Bl acouitoeTbes 3i
3pPOCTaHHAM PU3MKY NETanbHUX HAcmMigKiB y naujieHTiB
i3 KOPOHaBIPYCHOO iHeKLie B rocTpomy nepiogi, a
TaKoX 3 iCTOTHUM noripweHHam nepebiry CC3 y nauj-
€HTIB, SKi BKMK. BasonpecuH epekTnBHO B3aeMogie 3
BereTaTMBHOK HEPBOBOK CUCTEMOIO, aHroTeH3HOM |l Ta
LMTOKIHaMK Ha Tni 3ananeHHs [8]. Mpu upomy Baxnmee
3Ha4YeHHs Mae Ais npo3ananbHKX LnTokiHiB IL-13 1 1L-6 Ha
Ba3onpecuHepriyHy cuctemy yepes V1aR-peuentopu, WwWo
cnpuynHsie cuites TGF-B1, konareHy i Moxe BigirpaBati
iCTOTHY pornb y po3BuTKy ¢ibpo3y Miokapzaa [9].

B ocTaHHi poku BigKpUTO HOBI FOPMOHM Ta HENpO-
megjaTopy, Wwo 6epyTb yyacTb y natoreHesi CC3, sk-oT
rpeniH (ghrelin) — racTpoiHTECTUHAMNBHUI TOPMOH, LLO
Mae pi3Hi GionoriyHi BNacTMBOCTI: CTUMYIIOE BHBIb-
HEHHS1 TOPMOHa POCTY, CNpUYKHsAE aHaboniyHy Aito,
CTUMYMKOE aneTuT, BNIMBAE Ha BYrMEBOAHWIA OOMIH.
peniH — WnyHKOBO-KWLLIKOBUI €HOOKPUHHUIA i KapAio-
AKTUBHWI NEnTuA, L0 FeHepyeTbCs KapaiomioumTamu
i Mae pi3Hi KapQionpoTEKTOPHI edeKTn, nokpallye
dyHKUilO NiBOrO LWyHOYKa Npw iwemii / penepdyaii.
[ucbanaHc Mixk rpeniHoM i NeNTUHOM Y NaLieHTIB, KOTPI
nepexecnu COVID-19, npu3BoaunTb 0 pO3BUTKY rinep-
arii, 36inbLIEHHS Macu Tina Ta PiBHA TPUIMULEPUAIB,
a oTxe [0 36inblleHHs pU3NKy CepLeBo-CYaANHHNUX
ycknagHeHb [10]. BcTaHOBNEHO 3BOPOTHY 3aneXHiCTb
rpeniHemii Ta iHCYMiHOPE3NCTEHTHOCTI, TOMY HU3bKUIA
piBEHb rPEriHY MOXE NPU3BOANTY 10 NiABULLEHHS pU3K-
Ky pO3BUTKY LIyKPOBOTO AiabeTy 2 Tvny Ta apTepianbHoi
rinepTeH3ii. 3MEHLIEHHS KapaionpoTEKTUBHOI (pyHKLi
rpeniHy CMPUYMHAE aKTMBALi0 CUMMATUYHOTO Bigdiny
BEreTaTUBHOI HEPBOBOI CUCTEMMU, 30ifbLUEHHS IMOBIp-
HOCTi PO3BUTKY aTepoCKepo3y, 3HWKEHHS CUCTOMNIYHOT
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dyHKUiT Ta pemogentoBaHHs cepusi, 3yMOBMIOKOYN B
Takuii cnocid noripweHHs NporHo3y nauiexTis [11].

AHarni3 cynyTHiX 3aXBOPIOBaHb Y XBOPUX, iHGIKOBAHUX
COVID-19, nokasas: Lykposun gjabeT (L) 3 iHcyniHope-
3uCTEHTHICTIO (IP) € 0QHMM i3 HaWMOLWMPEHILLMX 3aXBO-
ptoBaHb, Aani — apTepianbHa rineptensis Ta IXC [12]. Ana
oci6 i3 L 2 tuny B pamkax metabonivyHoOro cuHapoMy
npuTamMaHHa NigBuULLIEHa aKTUBALLisi PEHIH-aHMOTEH3MHOBOI
cvcTEMMU, WO 3anyckae npo3anarnbHi Ta NpoKoarynsHTHi
LUAAXK, SKi CMPUYMHSIOTL eHaoTenianbHy AMCHYHKLIH,
nporpecyBaHHs IP, 3ananeHHs Ta nponicdepadito. 3asHa-
41MO, LLO IP NO3UTUBHO NOB’Ai3aHa 3 BUCOKOO MOLUMPEHi-
cTto cybkniniyHoi IXC i 3MiHeHOI aganTUBHOK IMYHHOO
Bignosigato y xeopux Ha COVID-19[13]. Kpim Toro, iMyHHa
Aucperynsuis Ta rinepsananbHa peakuis npu SARS-CoV-2
CMPUYUHSIIOTB YNOBIMbHEHY 1 cnabLuy BianoBiab Ha iHTep-
hepoH, BUCHAXEHHS NIMPOLIMTIB | LIUTOKIHOBUIA LUTOPM
y nauienTis i3 L Ta IP [14]. MNMpote cTyniHb i MexaHiamu
BMMBY iHCyniHOpeancTeHTHOCTI Ha nepebir IXC nicns
nepeHeceHoro COVID-19 BMBYEHO HEQOCTATHBO.

OTxe, aKTyanbHUM 3anuLaeTbCa OOCNIAXKEHHS
KNiHIKO-NaToreHeTNYHOI poni Ba3onpecyHOBOI CUCTEMM,
rpeniHy Ta CTaHy iHCyniHOPE3UCTEHTHOCTI y NaLlieHTiB 3
IXC nicns nepeHeceHoro COVID-19.

Merta po6otu

Jocnignti ocobnmeocTi 3MiH ropMoHarnsHo-meTaboniy-
HUX MapKepiB Ta iXHi B3aEMO3B'A3KM 3 HepOBEreTaTuB-
HUMW NOpYLLEHHAMM Y XBopuX Ha IXC nicns nepeHeceHoi
KopoHaBipycHoi xsopobu COVID-19 (y long-COVID
nepiogi).

Marepianm i meToAU AOCAIAKEHHA

[o pocnimxeHHs 3anyyunm 71 xsoporo Ha IXC: cTabins-
Hy cTeHokapgito HanpyxeHHs [I-IIl ®K (Bik — 69,0 (64,0;
76,0) poky; 19 (26,76 %) yonosikis, 52 (73,24 %) xiHKK).
MauieHTiB NoAiNUAM Ha ABi rpynu: 40 NEPLLOT (OCHOBHOI)
3anyyunnu 31 xBoporo Ha IXC nicns nepeHeceHoi Kopo-
HaBipycHoi xBopobu COVID-19 i3 cepeaHbOTSXKNM i
Tshxkum nepebirom (y long-COVID nepiogi); o apyroi (no-
piBHSHHS) — 40 nauieHTiB 3 IXC, aki He Manu B aHamHesi
COVID-19. Mpynu sicTaBHi 3a BiKOM i CTaTTHO Y4YaCHWKIB,
IXHIMW @HTPOMOMETPUYHUMU MOKA3HWUKaMU, CYMyTHIMU
3aXBOPHOBAHHAMMU Ta (haKTOpamm puUsmKy.

[Jo koHTponbHOI rpynu 3anyuunu 15 npakTuyHo
300pOBUX OCIB, IKi 3iCTaBHi 3a BIKOM i CTaTTiO, HE Manu
3aXBOpPOBaHb CEPLIEBO-CYANHHOI CUCTEMM B aHAMHESI
Ta He nepebysanv ambynatopHomMy abo cTavioHapHOMy
nikyeaHHi 3 npusogy COVID-19.

[locnimKeHHs 3aiINCHUNM, JOTPUMYHOUMCH BIOETUYHIX
HOPM | BPaxOBYHOUYM YWNHHI MiXKHAPOAHI Ta BITYM3HSHI
KOHBEHLii i aeknapadlii.

Ons Bepudikauii giarHosy IXC Bukopuctanm pe-
komeHgauii ESC (2021) ta Hakas MO3 Ykpainu Big
23.12.2021 p. Ne 2857. MepeHeceHy KOpOHaBIpyCHY
xBopoby COVID-19 nigTBepAXeHO LUMNSAXOM BUBYEHHS
MELUYHMX KapT XBOPMX, A€ MicTunacs iHdopmauis
woao iHikysaHHs Bipycom SARS-CoV-2. Long-COVID
nepiog BU3Ha4Yanu sk HasiBHICTb CUMNTOMIB | O3HaK, L0
36epiratoTbCsa NPOTAroM NoHag 3 MicsALi Nicns AiarHoCTHKM
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OpwuriHaAbHiI AOCAIAXKEHHS

Tabauus 1. lopmoHanbHo-MeTaboniuHi Mapkepu y xBopux Ha IXC 3anexHo Bif HasiBHOCTI B aHaMHE3i NepeHeceHoi KopoHaBipycHoi xBopobu COVID-19,

Me (Q25; Q75)

1 rpyna, n=31 2 rpyna, n =40 KoHTponbHa rpyna, n =15

14,98 (12,17; 17,99)*
0,095 (0,068; 0,115)*
6,25 (5,13; 6,85)"
14,59 (10,30; 18,92)
3,55 (2,76; 5,08)*

BasonpeCMH nr/mn
AKTUBHWIA rpeniH, NMonb/Mn
mtoko3a, Mmmonb/n

IHcyniH, MMO/mn

IHpekc HOMA, ywm. og.

9,98 (9,02; 11,37) 4,46 (3,74;5,21)
0,187 (0,108; 0,202) 0,175 (0,087; 0,301)
5,00 (4,76; 5,30) 4,30 (3,40; 5,70)
9,81(7,98; 11,21)8 6,98 (6,20; 10,08)
2,28 (1,76; 2,54)% 1,42 (1,14, 1,81)

*: BOCTOBIPHICTb BigMiHHOCTEN Mix 1 Ta 2 rpynoto (p < 0,05); #: BiporigHicTb BigMIHHOCTEN Mix 1 Ta KOHTPONbHO rpynoto (p < 0,05); §: 4OCTOBIPHICTL BiAMIHHOCTEN MiX 2 Ta

KOHTponbHoto rpynoto (p < 0,05) 3a U-kputepiem MaHHa—BiTHi.

KopoHasipycHoi xBopobu COVID-19 Ta siki He MOXHa
MOSICHATU anbTepPHATUBHUMM AiarHo3amu (BignoBigHO
no kputepiiB Updated Clinical Practice Guidelines for
the Diagnosis and Management of Long COVID) [15].
KpuTepii 3anyyeHHs 40 JOCNIMXEHHS — NepeHeceHa
kopoHaBipycHa xBopoba COVID-19, piarHocToBaHa IXC:
cTabinbHa cTeHokapais HanpyxeHHs -l ®K, 3agoky-
MeHTOBaHa [0OpOoBinbHaA 3roga MauieHTiB Ha y4yacTb.
KpuTepii BUKIMIOYEHHS — BUSBNIEHWI TOCTPUI 3ananbHuii
npoLec, NMMXoMaHka, rocTpUin KOPOHapPHUN CUHOPOM, Ai-
arHoCTOBaHi CyMyTHi XPOHIYHi 3aXBOPIOBAHHS BHYTPILLHIX
opraHiB y CTafii 3aroCTpeHHs Ta AekomneHcallji.
KoHuUeHTpauito akTUBHOTO rpeniHy Ta iHCyniHy B
cupoBaTLi KpoBi BU3HA4anu 3a AONOMOrol Habopy
peareHTiB Active Ghrelin ELISA Kit Ta Insulin Test Kit
(ELISA Microwells), kOHLEHTpaLlito Ba3onpecuHy — 3a
gonomoroto (Arg8)-Vasopressin Test Kit (Peninsula
Laboratories International, Inc) B HaB4ansHo-HaykoBomy
Me[uKo-nabopaTopHOMY LIEHTPI 3 BiBapiem 3anopisbkoro
LLEPKaBHOTO MeauKo-hapMaLeBTUYHOMO YHIBEPCUTETY
(kepiBHUK — A. dpapm. H. P. O. Wepbuna) Ha imyHodep-
MEHTHOMY noBHonnawkoBomy aHanizatopi SIRIO S (Ita-
nist). Inpekc HOMA pospaxyBasnu 3a BifoMor (hopMyrioto:
iHcyniH (MMO/mn) x rmtoko3a (Mmonb/n) / 22,5.
CraTucT4yHO MacuB JaHWX onpawtoBany y npo-
rpami Statistica 13.0 (Stat Soft Inc., CLUA, Ne niueHsii
JPZ8041382130ARCN10-J). [ins BMBYEHHA XapakTepy
po3noainy 3MiHHWX 3acTocyBanm kputepin Lanipo—Binka.
CTaTWUCTUYHI BIAMIHHOCTI MiX KifIbKICHUMM pesynsratamu
BU3Ha4unu 3a gornomoroto U-kputepito ManHa—BiTHI, Mix
SIKICHUMM NOKa3HWKaMK — 3a KpuTepiem X? Ta aHanisom
Tabnuub cnpsbkeHocTi. [N MHOXMHHOTO MOPIBHSIHHS
BUKOpUCTanu paHroBumn aHania Kpackena—Bonnica. [ins
BVBYEHHS B3AEMO3B’ 3Ky MK MOKa3HWKaMu, LLO BUBYAMW,
3AiNCHUNM KOPENALINHMIA aHani3 i3 06paxyHkoM koediLi-
eHTa kopensuii CnipmeHa (r). KinbkicHi 03Hakv HaBeeHO
K MefiaHy 7 MbkkBapTuUnbHWiA iHTepaan (Me (Q25; Q75)),
sIKiCHi — sik abcorntoTHi uncna Ta BigcoTku (n (%)). Ctatuc-
TWYHO 3HaYYLLMMK BBaXanu BigMiHHocTi npu p < 0,05.

Pe3yabTati

KniHiko-aHaMHeCTUYHY 1 aHTPOMOMETPUYHY XapakTe-
PUCTMKY 3any4eHX 40 AOCTKEHHS NaLiEHTIB HABeAEHO
y nonepegHin nyénikauii [16].

3MiHV ropMOHanbHO-MeTabonivHNX MapKepiB Y XBO-
pux Ha IXC 3anexHo Bif HasiBHOCTi B aHaMHe3i NepeHe-
ceHoro COVID-19 HaBeneHo B mabnuui 1.

Y nauieHTiB 3 IXC, ski nepeHecnu COVID-19,
BU3HAYMNM JOCTOBIpHE 30iNbLUEHHS KOHLEHTpaUii Ba-
3onpecuHy Ha 70,23 % (U = 271,5, p < 0,05), iHcyniHy

Maronoris. Tom 21, Ne 3(62), BepeceHb — rpyaeHb 2024 p.

Ha 52,16 % (U = 267,0, p < 0,05), piHs rnioko3n Ha
31,20 % (U =313,0, p <0,05), a Takox iHaekcy HOMA Ha
60,00 % (U =273,0, p < 0,05) NOpiBHAHO 3 KOHTPOMBHOK
rpynoto. Y nauieHTis 3 IXC 6e3 nepeHeceHoro COVID-19
B @HaMHesi MOPIBHSIHO 3 IPYMNOK KOHTPOMO BU3HAYMIU
BipOrigHO BMLLi KOHLEHTpaLii BasonpecuHy Ha 55,31 %
(U =273,0, p < 0,05), iHcyniHy Ha 28,85 % (U = 271,0,
p < 0,05), a Takox Ginbwwun inaekc HOMA Ha 37,72 %
(U =267,0, p <0,05), ane 3a piBHeM rpeniHy 3HauyLLmX
BiOMIHHOCTE He BUsABMEHO. Pa3oM i3 TuM y nauieHTiB 3
IXC, siki nepeHecnu COVID-19, BcTaHOBNEHO AOCTOBIp-
He 306iMbLUEHHS KOHLeHTpaLii BasonpecuHy Ha 33,38 %
(U =159,0, p < 0,05), iHcyniHy Ha 32,76 % (U = 267,5,
p <0,05), piBHs rnrokoau Ha 20,00 % (U = 288,0, p < 0,05)
Ta iHgekcy HOMA Ha 35,77 % (U = 189,0; p < 0,05) no-
piBHsIHO 3 XBOpUMY Be3 COVID-19 B aHamHesi. KinbkicTb
XBOPWX 3 IHCYNIHOPE3NCTEHTHICTIO B 1 rpyni BiporigHO
Ginbwa wopao 2 rpynm (80,64 % npotm 15,00 % Bignos.ia-
HO; X2 =0,516, p < 0,001). 3achikcoBaHO 3HWKEHHSI PiBHS!
aKTUBHOTO IPeriHy B NaLlieHTiB OCHOBHOI rpynu Ha 45,71 %
(U=281,5,p<0,05) taHa 49,20 % (U = 247,5, p< 0,05)
MOPIBHSIHO 3 rPYMNOK0 KOHTPOSIO Ta 2 rpymnoto BignoBifHO.
Lle cBigunTb NpPO HasBHICTb BUPaXEHWX MEeTabomivHNX
poanagaiB, NoB'sA3aHMX 3 HCYNIHOPE3UCTEHTHICTIO Ta No-
PYLIEHHAM FMiKEMIYHOMO NPOInto XBOPUX.

BcTaHoBneHo 3BOPOTHI KOpensuinHi 3B’A3KM MixX
piBHEM rpeniHy Ta BasonpecuHom (r = -0,33, p < 0,05),
iHcyniHom (r = -0,25, p < 0,05) Ta iHgekcom HOMA
(r=-0,24, p < 0,05), a TakoX NpsAMWIA KOPENALAHNIA
3B'A30K MiX piBHEM BasonpecuHy Ta iHgekcom HOMA
(r=+0,26, p <0,05). Lli paHi nigTBEpMXYIOTH BNAVB HEN-
porymoparnbsHOi akTuBaLlii Ha CTaH BYrNeBOAHOTO OOMiHY
Ta NPOrpecyBaHHs! iHCYNIHOPE3UCTEHTHOCTI y NaLiEHTIB 3
IXC, koTpi nepeHecnn COVID-19.

Y nonepegHin po6oTi BCTAHOBUIM 30iMbLLEHHS Yac-
TOTW BU3HAYEHHS Ta CTYNEHS NPOSIBIB TPUBOXHO-AENpe-
CVIBHMX, KOTHITVBHWX | BEreTaTVBHWX PO3nagiB y NaLieHTiB
3 IXC i nepeneceHum COVID-19 [16]. Baaemo3B'a30k
roOpMOHasIbHO-MeTaboMIYHNX MapKepiB i3 PIBHEM TPUBOX-
HO-OENPECVBHMX i KOTHITUBHUX MOPYLUEHb Y XBOPUX Ha
IXC, siki nepenecnn COVID-19, HaBegeHo B mabiuui 2.

Y nauienTis 3 IXC, axi nepenecnn COVID-19, BcTta-
HOBMEHO MPSIMUNA KOPENSALINHUA 3B'A30K MiX KOHLIEH-
Tpauielo BasonpecuHy Ta piBHem Tpusoru (r = +0,30,
p < 0,05), pnenpecii (r = +0,28, p < 0,05). BusiBneHo
NpsiMi KOpensiLiT Mix NOKa3HWKamu ByrneBOoAHOro 06MiHy
Ta TPUBOXHO-AENPECUMBHUMI pO3nafamMu: KOHLEeHTpa-
uieto rmioko3u Ta piHem Tpueorm (r = +0,30, p < 0,05),
penpecii (r = +0,30, p < 0,05); KoHUeHTpaUj€eto iHCYNiHY
Ta pisHem Tpueoru (r = +0,30, p < 0,05), genpecii
(r=+0,31, p < 0,05), a TakoxX 3BOPOTHI KOpensALinHi 3
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Tabauusa 2. B3aemo3B'si30k KOHLEHTpALii rpeniHy, Ba30MPecuHy Ta Noka3HWKIB iHCYNiHOPE3UCTEHTHOCT 3i CTYNEeHeM TPUBOXHO-AENPECUBHUX
i KOrHITMBHMX po3nagiB y xBopux Ha IXC, siki nepeHecnu kopoHasipycHy xBopoby COVID-19

Moka3HWK, oAUHNLI BUMipPIHOBaHHA TpuBora [Oenpecis KorHiTuBHuM gediunt

BasonpecuH, nr/mn

AKTVBHWIA rpeniH, NMOonb/MI

[Mtoko3a, Mmonb/n
IHcyniH, MMO/mn
IHpekc HOMA, ym. op.

r=+0,30* r=+0,28"
r=-0,33* r=-0,28*
r=+0,30* r=+0,31*
r=+0,30* r=+0,31*
r=+0,06 r=+0,08

r=+0,12
r=-0,28*
r=+0,11
r=+0,06
r=+0,27*

*: BigMiHHOCTI BiporiaHi, p < 0,05.
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Puc. 1. KopensuiitHi 38's3ku piBHA BasonpecuHy Ta napametpie BCP y naujienTis 3 IXC, siki nepeHecnm kopoHasipycHy xBopofy COVID-19. *: sigmiHHocTi BiporiaHi, p < 0,05.
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Puc. 2. KopensiuiiiHi 38’53ku piBHsi akTMBHOTO rpeniHy Ta napametpis BCP y naujeHTis 3 IXC, siki nepeHecnu kopoHasipycHy xsopoby COVID-19. *: BiamiHocTi BiporiaHi, p < 0,05.
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3B’A13KM aKTVWBHOTO rperiHy 3 piBHEM TPUBOTM Ta Aenpecii
(r=-0,33, r =-0,28 BignogigHo, p < 0,05). 3asHaunmo,
Lo 3i CTyNeHeM KOrHITUBHOrO AediuunTy BCTAHOBMNEHO
ZOCTOBIPHUIN KOPENALIMHUI 3B’A30K KOHLEHTpaUii rpe-
niny (r = -0,28, p < 0,05) # iHgekcy HOMA (r = +0,27,
p < 0,05). Pesynstatu JOCNImKEHHS MiATBEPOXYHOTb
BNAVB po3nafiB HeMpPOEHOOKPUHHKX, MeTaboniyHmx
MPOLIECIB HA CTaH NCUXOEMOLLIMHOI Ta KOTHITMBHOI chepu
y nauienTia 3 IXC i COVID-19 B aHaMHes3i.

B3aeMo3B’130K ropMoHanbHO-MeTaboniuHnX Mapke-
piB y xBopux Ha IXC i napameTpiB BapiabenbHOCTi cepLie-
Boro putMmy B nauieHTiB 3 IXC i nepeHecennm COVID-19
HaBeZeHo Ha puc. 1, 2.

B akTvBHWIA | NacvBHWIA Nepioan BU3HAYEHO NpsaMmi
Kopenswii cepeaHbOi CUnM MiX KOHLLEHTpaLlieto Basonpe-
CVHY Ta TPiaHrynsipHUM iHgekcom (r = +0,27, r = +0,27
BignogiaHo, p < 0,05), a TakoX MOTYXHICTIO BUCOKO-
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yacrotHoro (r = +0,29, r = +0,26 BignosigHo, p < 0,05)
Ta HM3bKOYaCTOTHOro cnekTpis (r = +0,31, r = +0,29
BiZnoBiaHo, p < 0,05). Lli oaHi nigTeepoxyoTs B3aEMo-
38’130k AucOanaHcy BeretaTvBHOI HEPBOBOI CUCTEMM 3
HENPOEeHOOKPUHHOLO perynsuieto y nauieHTis 3 IXC nicna
nepeHeceHoro COVID-19. MpsiMuin kopensauiiHWiA 38'a30K
Ba30MpecuHy 3i ctpec-inaekcom (r = +0,28, p < 0,05) Ta
iHOekcom LeHTpanisauii (r = +0,29, p < 0,05) B akTUBHUI
nepiog CBigunTb Npo 6e3nocepesHiii 38’330k NnepeHanpy-
XEHHS (YHKLIIOHYBaHHS BEreTaTMBHOI HEPBOBOI CUCTEMU
3 aKTMBaLliet0 Ba3onpecuHy. B nacuBHWiA nepiog BCTaHOB-
NEHO TaKOX 3B’5130K CEPEAHBOI CUIMN MiX CTPEC-iHAEKCOM
Ta BasonpecvHom (r = +0,28, p < 0,05), wo moxe Bytn
CBiAYEHHAM MOPYLUEHHS ranbMiBHOI aKTWBHOCTI Bereta-
TUBHOI HEPBOBOI CUCTEMW Ta MaTW HeraTMBHUA BNAVB
Ha nepebir IXC i nporHo3 y nauieHTiB, KOTpi NnepeHecnvn
COVID-19.
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PiBeHb rpeniHy 3BOPOTHO KOpenioBaB 3 TpiaHry-
NSPHUM HOEKCOM | B aKTVBHWIA, i B MACUBHUI Nepioan
(r=-0,48, r = -0,35 BignosigHo, p < 0,05). B akTMBHMIA i
NacvBHUI NEPIOAN BCTAHOBMEHO 3BOPOTHUI KOPENsLin-
HUI 3B'SI30K MK aKTVBHUM TPENiHOM i CTpec-iHaeKcom
(r = -0,28, r = -0,28 BignosigHo, p < 0,05), a Takox
iHoekcom ueHTpanisauii (r = -0,31, r = -0,30 BianosigHo,
p < 0,05). Lle ninTBEpOXYE B3aEMO3B’'A30K 3HWKEHHS
PiBHSA rpeniHy 3 nepeHanpyeHHsM gyHKLioHanLHO-aaan-
TWBHOTO CTaHy CEpLIEBO-CYAUHHOI CUCTEMM Y NALEHTIB
uiel rpynu.

He BusBNeHoO KopensuinHnx 3B’A3KiB NMOKa3HWKIB
BYINEBOAHOro 06MiHy 3 napametpamu BCP.

06roBopeHHA

Bigomo, Wwo iHdeKUinHI 3aXBOPIOBAHHS 3aBXaW NOB’s-
3aHi 3 KapaioMeTaboniyHMK nopyLeHHaMK. [Hdekuis
SARS-CoV-2 36inbluye ekcnpecito TpaHCKpUMLINHOMo
daktopa RE1-caneHcuHry (REST), akuin mogynioe
€KCTPECil0 CEKPeTOBaHNX MeTaboniyHux ¢hakTopis, Lo
BKIKOYaIOTb Miernonepokcuaasy, anenid i MioctatuH; ue
NPU3BOANTL O MOPYLIEHHS MeTaboniamy rmiokosn Ta
ninigis [17].

Y pesynbtati 4OCRiAXeHHs, WO 3AiNCHWUAKW, BCTa-
HoBreHo: navjeHTu 3 IXC, kotpi nepenecnn COVID-19,
Masnu 3HaYHO BWLLi MOKa3HWKKM rMiKeMil, iHCyniHeMil Ta
iHCYNIHOPE3NCTEHTHOCTI NOPIBHAHO 3 XBOpPUMUK Ha IXC
6e3 COVID-19 B aHamHesi. Lli gaHi 36iratotbes 3 pe-
3ynbsratamMu JOCHigKeHb iHWKX HaykoBLiB. Tak, X. He et
al. BCTAHOBMNEHO, L0 CTaH PE3NCTEHTHOCTI A0 iHCYMiHY
30epiraeTbCsa HaBiTh Nicns eniMiHaLii Bipycy, Lo 03Havae
NOTEHLiHY TpuBany natonorito y nauieHtis i3 COVID-19
[18]. Y mocnimxenHi N. Govender et al. nokasaHo: Ha-
ABHICTb B aHamHe3i COVID-19 cnpuyuHsie He Tinbku
30iMbLUEHHS YaCTOTU PO3BUTKY iHCYNIHOPE3UCTEHTHOCTI,
ane 7 3HWKEeHHs iIMyHHOI BiZMOBIAI OpraHiamy, akTuea-
Lito npo3ananbHUX LMTOKIHIB | IXHBOro BNAMBY Ha CTaH
romeoctasy [17]. Kpim Toro, A. Santos et al. BusBuny,
LU0 BipyCHa iH(peKLis akTUBYe iHTerpoBaHy BianoBiab Ha
CTpeCc, LU0 BKNoYae akTvaaLito cepuHkiHas (PKR i PERK),
AKi iHOYKytTb chocchopuntoBaHHs cepuHy IRS-1i dopmy-
10Tb PE3UCTEHTHICTb A0 iHCYNiHY. MoeaHaHHSA OXMPIHHS,
iHCYniHOPE3NCTEHTHOCTI Ta LyKpOBOro AiabeTy 3HayHO
MOCUIIOE PY3VK TPOMBOEMBONiHHIX, KapAioBaCKYNSPHIX
i NnereHeBUX ycknadHeHb Yy nauieHTiB, SKi nepeHecnu
COVID-19, HagiTb Yepes 10 micauis nicns ogyxaHHs [19].

AKTyarnbHAM 3anMLLIAETHCA MOLLYK MapKepiB, L0 MOMK
6 Ha paHHix eTanax 3axBoptoBaHHs BKa3yBaTW Ha HeraTue-
HWVA NPOTHO3 Y NaLlieHTiB, KOTpi nepexsopinu Ha COVID-19.
Mig yac focnimKeHHs, WO 34iINCHUNN, K nepudepuyHi
Giomapkepu obpaHo rpeniH i BasonpecuH. Hessaxaroum
Ha pi3Hy Npupody rOPMOHIB, BCTAHOBWIIN KOPENSLinHi
B32EMO3B'5I3KM HE NULLIE MiX PIBHSMU LiX PEYHOBYWH, ane
1 CTaHOM iHCYniHOPE3NCTEHTHOCTI. 3iCTaBHi pesynsratu
onepxanu G. B. Da Silva et al. [20]. JocnigHukn BUSIBANK,
LLO 3HWKEHHS PIBHA rPEriHy BIPOrifHO KOpentoe 3i 36inb-
LUEHHAM aKTMBHOCTI LIATOKIHIB, OKCUAATMBHUM CTPECOM
i 3pOCTaHHAM YacTOTU PO3BUTKY TPOMOOEMOOMIYHYMX i
NereHeBux ycKnaaHeHb. BTim, 3a3HayeHo, LLO HWXYI 3Ha-
YeHHsI rpeniHy acoLiioBaHi 3 MeTaboniyHMM gucbanaHcom
i hopmyBaHHSAM CUHOPOMY IHCYMIHOPE3UCTEHTHOCTI.
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OpwuriHaAbHiI AOCAIAXKEHHS

Baxnmeoto sanuwwaeTbCs aganTBHa porb rpeniny
NPV TPUBOXKHUX | AEMPECUBHUX CTaHax. Tak, 3a Hawmumu
JaHVIMK, € 3BOPOTHI KOPENSALLINHI 3B’A3KM MiXK 3HWKEHHSIM
PiBHSA rpeniHy Ta CTyneHem TPUBOXHO-AENPECUBHNUX,
KOrHiTMBHUX po3nagis. Y gocnimpkenHi D. A. Wittekind et
al. BCTAHOBNEHO 306iMbLUEHHS PIBHS rPENiHy Mpu rocTpux
CTPECOBVX po3naax, Lo 3abesnevye LBMAKY afanTawio
Ta BignoBiagb HEMPOEHZOKPUHHOT CUCTEMU Ha Hebe3neky
[21]. Pa3om i3 TuMm, TpyBanuin cTpec CynpoBOMKYHOTLCS
3HAYHWUM 3HWKEHHSIM PIBHS FPENiHY, CMPUYMHAIOYM NO-
CTilHe BiOYyTTS ronogy 1 aHomarnbHy CeKpeLlito IHCYmiHy
MiALLMyHKOBOIO 3ano3oto [21,22].

BCTaHOBMEHO TaKOX, WO 3HVKEHHS PiBHSA rpeniHy
TICHO MOB’SI3aHO 3 AMCPErynsilield aHTUOKCUOAHTHUX
CHCTEM i BUCOKOI aKTVBHICTIO MikporTii. Lie npnaBoantb
[0 HelpopereHepallii, KOTHITUBHUX NOPYLUEHb | NOBEAjH-
KOBWX posnagis [23,24].

ApriHiH-Ba30MPECHH — KIYOBUI FOPMOH, LLIO pery-
TtOE rOMEeOCTa3 PifnHU, BAa30KOHCTPUKLIKO Ta EHAOKPUHHY
peakLito Ha cTpec. BasonpecwH 6epe yyacTb y 3ananbHin
Biano.igi Ha iHdekuito SARS-CoV-2, oCKinbku TSXKICTb
3aXBOPIOBaHHSA NOB’'sI3aHa 3 NiABMLLEHUM PiBHEM KO-
NenTUHY — NonepeaHnka NenTuay apriHiH-Bas3onpecuHy
[25]. MporHocTyHa 1 AiarHOCTUYHA LiHHICTb KONENTUHY
BM3HAYeHa Npu KNiHiYHUX CTaHax, SK-OT Cencwc i cen-
TUYHWIA LOK, NosanikapHsHa NHEBMOHIA Ta MHEBMOHIS,
MoB'si3aHa 3 LUTYYHOK BEHTUMSLIED NEereHiB, a Takox
MPU iHLIMX KPUTWUYHWX 3aXBOPIOBaHHSX. BTim, nuwe B
OHOMY [OCTiMKEHHi BCTAHOBMNEHO NPOrHOCTUYHY POrb
konentuHy npu COVID-19 wopo 38’a3ky 3 30-4eHHO
CMEPTHICTIO Bif, YCiX NPUYKH [26].

Y pesynbraTi Halworo JOCRiAXeHHs BCTaHOBMEHO
LUMPOKMI CNEKTP B3aEMO3B’SA3KIB MiABULLEHOTO PiBHSA
BA30MPECWHY 3 MOKa3HWKaMU, LLO XapaKTepuayoTb CTaH
BEreTaTUBHOI perynsuii cepLeBoro putmy. 3ictasHi pe-
3ynetatn otpumas D. S. Goldstein [27]. ABTop nokasas,
Lo NigBWLLEHHS PIBHS BA30MPECKHY acoLljioBanocs 3
AncbanaHcoMm CMMMaTUYHOI Ta mapacuMnaTUYHOI pe-
rynauii, 3HWKEHHSAM aKTUBHOCTI raMMa-aMiHOMachnsiHOI
KMCNOTK, AUCTOMEOCTa30M i (hOPMYBaHHSAM CepLeBOi
HeJoCTaTHOCTI y NauieHTiB, KOTpi neperecn COVID-19
[27].

BasonpecuH, akuin aie Sk NpecopHWiA FOpMOH, cnpu-
YMHSIE BA3OKOHCTPMKLIIO Ta MiABMLLEHHS apTepianbHOro
TUCKY, 30iNbLUEHHS CUCTEMHOTO CyauHHOro onopy. Came
36iMbLUEHHS CUCTEMHOTO CYAMHHOrO OMopy NPU3BOAUTH
[0 3HAYHOI aKTMBALii CUMNATUYHOI MaHKK, WO 36inbLuye
KifbKiCTb KOPTW30My, HeNTPOINIB i NiMPOLTIB; Lie Cynpo-
BODKYETHCS ICTOTHUM 30iMbLIEHHAM YacTOTV NIETaNbHNUX
HacnigkiB cepeq nauieHTiB i3 XPOHIYHOK KapaianbHo
natonorieto Ta COVID-19.

BucHoOBKHM

1. Y xBopux Ha IXC y long-COVID nepioai Bu3Ha4eHO
ropMoHanbHi Ta MeTabonivHi po3naau, Wo CynpoBo-
[DKYt0TbCS 30iMbLUEHHAM KOHLEHTpaLlii Ba3onpecuHy Ha
33,38 %, iHcyniHy Ha 32,76 %, piBHsi rntoko3u Ha 20,00 %,
iHoekcy HOMA Ha 35,77 %, nuToMoi Baru XBopwx i3 npo-
SIBAMW iIHCYMIHOPE3UCTEHTHOCTI Ha TIi 3HWKEHHS PiBHS
aKTMBHOrO rpeniHy Ha 49,20 % nopiBHAHO 3 NavjeHTamm
6e3 COVID-19 B aHamMHes3i.
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2. KopensiiiHi 38’3k1 MiX piBHEM rpeniHy Ta Basonpe-
cuHoMm (r=-0,33, p <0,05), iHcyniHom (r=-0,25, p < 0,05) Ta
iHoekcom HOMA (r =-0,24, p < 0,05), a Takox Mix piBHEM
BasonpecuHy Ta iHgekcom HOMA (r = +0,26, p < 0,05)
MigTBEPIXKYIOTb BNNMB HEMPOryMopanbHOi akTueaLlii Ha
CTaH ByrneBOAHOro 0OMiHy Ta NporpecyBaHHs iHCymiHope-
3UCTEHTHOCTI y navieHTiB 3 IXC, siki neperecnn COVID-19.

3.Y xBopux Ha IXC nicns nepeHeceHoi KOpoHaBIpYCHOI
xBopoby y long-COVID nepioai LLUMPOKVIA CIEKTP BU3HaYe-
HVIX KOpenALLin NATBEPIKYE HASBHICTb CMIINbHUX MEXaHI3MIB
MK 3MiHaMW piBHS Ba30MPECVHY, rperiHy Ta nepeHanpy-
XEHHAM (PyHKLOHaNbHO-aaanTaLiiH1X MPOLECIB, BUHUK-
HEHHSIM TPUBOXHO-AEMNPECMBHUX, KOTHITUBHMX po3nagis,
[AvcbanaHcy BereTaTMBHOI perynsiLii cepLeBol ZisnbHOCTI.

NepcneKTMBM NOAAABLUMX AOCAIAKEHb MOMSraloTb Y
BBYEHHI NPOrHOCTUYHOT LiHHOCTI FrOpMOHanbHO-MeTabo-
niYHMX MapkepiB y xBopux Ha IXC nicns nepeHeceHoro
COVID-19.
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Colorectal carcinomas (CRC) is the third most common cause of death in developed countries. Invoking of primary site of
carcinoma of unknown origin using immunohistochemistry is essential for accurate diagnosis, and also for targeted therapies.

Aim. This study aimed to assess immunohistochemical expression of CK7, CK20, and CDX2 in colorectal carcinomas, and
to evaluate their diagnostic role.

Materials and methods. A retrospective study was performed on 36 paraffin blocks of documented colorectal carcinomas were
stained by immunohistochemical technique using a tissue microarray with CK7, CK20 and CDX2 markers. The resulted data
were statistically analyzed.

Results. There was a negative association between CDX2 expression and histologic grade (p = 0.03), as well as T-pathologic
stage (p =0.01). CK7-ve / CK20+ve immune profile showed a specificity of 95 % in predicting the colorectal adenocarcinomas,
which was superior to that of CDX2. CDX2 loss is related to tumour grade and depth (T-stage).

Conclusions. Both CDX2 expression, and CK7-ve / CK20+ve are the most sensitive, and specific markers to diagnose the
colorectal carcinoma. CK7-ve / CK20+ve expression is used as specific marker for colorectal carcinoma for targeted therapy.

ImyHoricToxiMmiuHe OLiHIOBaHHA KOAOPEKTaAbHOI KapLIUHOMM:
AOCBIA YOTUPUPIUHOTO AOCAIAKEHHSA

Myuananypi CpaBaHi, ®atima, Pawua ®atima, K. H. AinTxi, LUuana Kapamuepy,
LWenx Hiwapb6aHy, Amam Ceeta

KonopekTanbHi kapuuHomu (KPP) € TpeTboto 3a NOLIMPEHICTIO NPUYMHOK CMEPTi B PO3BUHEHUX KpaiHax. BusiBneHHs nep-
BUHHOIO 0CepeaKy KapLMHOMY HEBIZOMOIO NOXOMKEHHS 3@ LOMOMOrOI0 iMYyHOMCTOXiMii Mae BaXNMBE 3HAYEHHS NSt TOYHOI
[iarHoCTUKK, @ TakoX Ans LinboBoi Tepanii.

Merta poboTu - BUBYMTM iMyHOTiCTOXiIMIYHY ekcnpecito CK7, CK20 i CDX2 y konopeKTasribHWX kapLumMHOMaX M BUSHAUNUTK TXHIO
AiarHOCTUYHY porb.

Marepianu i meToaun. 3aiicHUNM PeTPOCNEKTUBHE AOCHIMKEHHA 36 napadiHOBMUX ONOKIB JOKYMEHTAmNbHO MiATBEPAKEHUX
KONOpeKTarnbHWX KapLHOM, 3a6apBreHNX iMYyHOrCTOXIMIYHM METOAOM, BUKOPUCTAIN MIKDOMATPULO TKAHUHU 3 MapKepamut
CK7, CK20 i CDX2. OtpumaHi fiaHi onpaLoBany, 3acTOCyBaBLUW CTAaTUCTUYHI METOAM.

Pesyabrati. BusiBneHo HeraTuBHWit 38’330k Mix exkcnpecieto CDX2 i rictonoriyHum ctynexem (p = 0,03), a Takox naronoriy-
Hoto cTagieto T (p = 0,01). ImyHHUI npodbinb CK7-ve / CK20+ve xapakTepusyBaBcs cneumdidHicTio Ha piHi 95 % nig vac
NPOrHo3yBaHHs nepediry KonopekTanbHNX afeHOKapLMHOM; Liei NOKa3HUK BULLWIA, HiX BU3HadeHun ans CDX2. Brpata CDX2
MoB’si3aHa 3i CTyneHeMm i rmubnHoto MyxnuHu (cTagis T).

BucHoeku. Exkcnipecia CDX2, sk i CK7-ve / CK20+ve — Hanbinbw 4yTnuBui i cneundiyHuin Mapkep Ans 4iarHOCTUKN
konopekTanbHoi kapuuHomu. Exkcnpecito CK7-ve / CK20+ve 3acTOCOBYIOTb 5K CneumdidHWiA MapKkep KonopeKTanbHoi
KapLyHOMM Ans LinboBoi Tepanii.

Colorectal carcinomas (CRC) are the third most pre-
valent and second deadliest cancer. The age incidence
rises beyond the age of 40. Men were more affected
than women [1,2]. Genetic and environmental / lifestyle
risk factors for CRC include sedentary habits, red meat
consumption, a low-fat diet, alcohol, and tobacco use. The
majority of CRCs are spontaneous, and carcinogenesis
begins along a typical stepwise pattern known as the
adenoma carcinoma sequence, with adenoma as the
early lesion. This mechanism is related with mutations
in genes such as APC, p53, KRAS, SMAD2, SMAD4, or

Maronoris. Tom 21, Ne 3(62), BepeceHb — rpyaeHb 2024 p.

MMR; specifically, KRAS was observed in up to 50 % of
villous adenoma and up to 18 % of tubular adenoma [3].

The most common immunohistochemical mar-
kers for CRC are CK7, CK20, and CDX2. Colorectal
carcinomas are identified by their immunoprofile of
CK20+ / CK7—/ CDX2+.

Several studies have shown that a lack of CDX2
expression in CRC is related with aggressive behaviour,
a poor prognosis, a high tumour grade, a high tumour
stage, a BRAF mutation, and a high MSI phenotype due
to tumor-suppressor activity [4,5].
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Table 1. Distribution of colorectal cancer cases

Frequency (n)__| Percentage ()

Age distribution

<30 4 1.1
31-40 6 16.67
41-50 1 30.56
51-60 8 22.22
61-70 3 8.33
>70 4 11.11
Sex

Male 23 63.89
Female 13 36.11
Histologic type

Adenocarcinoma 25 69.4 %
Mucinous adenocarcinoma 6 16.6 %
Signet ring cell Carcinoma 3 83 %
Medullary adenocarcinoma 1 27 %
Tumor size

<5cm 1" 28
>5cm 25 72
Tumor grading

Well differentiated 05 13.9
Moderately differentiated 24 66.7
Poorly differentiated 07 19.4
Tumor localization

Right 12 33.33
Left 22 61.11
Missing 2 5.56
Primary tumor

T 0 0.0
T2 05 13.9
T3 19 52.8
T4 07 19.4
Missing 05 13.9
Nodal metastasis

Positive 07 19.4
Negative 29 80.6
Differential CK20/CK7 staining

CK20+ / CK7- 24 66.8
CK20- / CK7- 09 25
CK20- / CK7+ 2 55
CK20+ / CK7+ 1 2.7

The CK20+ / CK7 immunoprofile is expressed in
around 75-95 % of CRC patients, with the remainder
having various profiles [6].

CDX2 is a specific marker of intestinal epithelial
cells and is positive in almost all well-differentiated CRC;
however, approximately 10-20 % of poorly differentiated
carcinomas can be weakly positive or negative.

Typically, the immunophenotype of CRC is CDX2+ve,
CK20+ve, and CK7-ve. Aberrant expression has been
observed in a variety of colorectal carcinomas, although its
relationship to morphological characteristics and survival
data remains unclear.

Aim
This study aimed to assess immunohistochemical expres-

sion of CK7, CK20, and CDX2 in colorectal carcinomas,
and to evaluate their diagnostic role.

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

Materials and methods

Study design —a retrospective study. Study duration — four
years of study in the Department of Pathology at SVS
Medical College in Mahabubnagar, Telangana (India),
from January 2019 to December 2022.

Sample size — formalin fixed gross pathological spe-
cimens of 36 colorectal carcinomas were studied.

Inclusion criteria - primary malignant tumors of colon.
Exclusion criteria — benign tumors of colon; inflammatory
lesion of colon; metastatic malignancy of colon.

Data collected retrospectively from medical
records and also from department of pathology. All
cases of colonic biopsies & surgically resected colon
specimens. 4 microns sections were taken from these
paraffin embedded tissue blocks. Histological sec-
tions stained with Haematoxylin & Eosin were used.
These slides were studied under Camera mounted
Compound light microscope and quantified. Immu-
nohistochemistry was done using a tissue microarray
with CK7, CK20 and CDX2, and expression of these
proteins were evaluated.

SPSS version 25 (SPSS, Inc, Chicago, IL, USA)
was used for all statistical analysis. For continuous data,
descriptive statistics such as the mean and standard
deviation were calculated, for discrete / categorical data,
percentages were generated and chi square test was
carried out to test the significance. An overall p value of
less than 0.05 was considered statistically significant.

Results

Age distribution shows majority cases were between
41-50 years accounts 30.56 %, followed by 51-60
years accounts 22.22 %. Majority were female accounts
63.89 %. Majority of histological type was adenocarcino-
ma accounts 69.4 % whereas medullary adenocarcinoma
accounts 2.7 %. Tumor size was >5 cmin 72 % of cases.
66.7 % of tumors were moderately differentiated tumor
grading. 61.11 % of tumors are of left origin. Majority tu-
mors are in 52.8 % of T3 stage. CK20+ / CK7- phenotype
expression observed in 66.8 % of samples (Table 1).

Discussion

Colorectal carcinomas accounts for 53 % of gastroin-
testinal tract malignancies [7,8]. Metastatic tumour of
unknown primary location is a prevalent clinical concern,
accounting for 3-5 % of malignancies and ranking among
the top ten cancers in terms of incidence and death in
both men and women, with 90 % of cases proving to be
carcinoma [9]. The identification of the main location is
critical for further therapy.

Age distribution shows majority cases were between
41-50 years accounts 30.56 %. female accounts 63.89 %.
Adenocarcinoma accounts 69.4 %. Majority tumors are
in 52.8 % of T3 stage.

Metastasis is the cause of death for CRC patients
who come with metastases before the main tumour is
identified. In these circumstances, immunostaining is
one of the most useful approaches for determining the
main site [10].

Pathologia. Volume 21. No. 3, September — December 2024
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Fig. 1. a, b: well differentiated adenocarcinoma with >95 % gland formation (a — x100, b — x400); ¢, d: moderately differentiated with 50-95 % gland formation (c — x100, d — x400);

e, f: poorly differentiated with <50 % gland formation (e — x100, f — x400).

Acombination of clinical symptoms, diagnostic imag-
ing modalities, haematoxylin and eosin, and immunohisto-
chemical marker examination can lead to an appropriate
diagnosis [11]. The relative expression of CK7 / CK20
remains the cornerstone in narrowing the differential
diagnosis of metastatic cancer with unclear primary [12].

CK20 is unique to the gastrointestinal system,
particularly colorectal, urothelial, and Merckel cell car-

Maronoris. Tom 21, Ne 3(62), BepeceHb — rpyaeHb 2024 p.

cinoma. On the other hand, CK7 is found in glandular
cancers of the breast, lung, biliary system, thyroid, and
Mullerian epithelium. Despite this obvious tissue-spe-
cific distribution, ectopic CK20 expression in occasional
cases of carcinomas, generated from typically CK20
negative tissues, has also been identified, but this
aberrant expression is localised to a relatively limited
subpopulation of tumour cells [13,14].
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Fig. 2. Differential CK20 / CK7 immunostaining in CRC. a: CK20 positive; b: CK7 negative; ¢: CK20 negative; d: CK7 positive.

Table 2. Correlation between CK20 and histopathological characteristics of CRC

Loss of CK20 expression,

Parameter Number of cases, CK20 retained,
n =36 (100.0 %) n =24 (66.8 %) n=12(33.2 %)

Localization (n = 31) Right colon 20 13 (65.0 %) 7 (35.0%)
Left colon 11 7 (63.6 %) 4 (36.4%)
Grade (n = 36) Well-differentiated 5 4(80.0 %) 1(20.0 %)
Moderately-differentiated 24 17 (70.8 %) 7(29.1 %)
Poorly-differentiated 7 3(42.8 %) 4(57.2%)
Staging (n = 31) T2 5 2(40.0 %) 3(60.0 %)
T3 19 13 (68.4 %) 6(31.5 %)
T4 7 4(57.1 %) 3 (42.9 %)
Nodal metastases(n = 36) Present 7 6 (85.7 %) 1(14.3 %)
Absent 29 18 (62.1 %) 11 (37.9 %)

p value (Fisher’s
exact test)

1.00

0.012

0.502

0.757

Table 3. Correlation between CDX2 and histopathological characteristics of CRC

Loss of CDX2 expression,

Parameter Number of cases, CDX2 retained,
n =36 (100.0 %) n=32(88.9 %) n=4(11.1%)

Localization (n = 31) Right colon 20 13 (65.0 %) 7 (35.0 %)
Left colon 1 7 (63.6 %) 4 (36.4%)
Grade (n = 36) Well-differentiated 5 4 (80.0 %) 1(20.0 %)
Moderately-differentiated 24 17 (70.8 %) 7(29.1 %)
Poorly-differentiated 7 3(42.8 %) 4(57.2 %)
Staging (n = 31) T2 5 2 (40.0 %) 3(60.0 %)
T3 19 13 (68.4 %) 6(31.5 %)
T4 7 4 (57.1 %) 3(42.9 %)
Nodal metastases (n = 36)  Present 7 6 (85.7 %) 1(14.3 %)
Absent 29 18 (62.1 %) 11 (37.9 %)

p-value (Fisher’s
exact test)

1.00

0.028

0.013

0.672
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CDX2 is a nuclear transcription factor that plays an
important role in intestinal cell proliferation and differen-
tiation and can be employed as an immunohistochemical
marker for neoplasms of intestinal origin. Although CDX2
is utilised to diagnose adenocarcinoma of the colon and
small intestine, it is also expressed in gastric, pancreatic
ductal, and cholangiocarcinoma [15].

The relative expression of CK20 / CK7 is a diagnostic
tool for determining the site of origin in metastatic carcino-
mas. CK20 is specific for colonic and urothelial cancers.
CK7 expression identified in glandular cancers of the
breast, respiratory tract, biliary tract, and mullerian epi-
thelium [16]. CK7 expression is uncommon, and positive
results are used to rule out CRC tumours. In our study,
CK7 positive was 7 % with no significant histopathologi-
cal correlations. A study demonstrated that CK7 positive
tumours were more likely to have strong metastatic and
invasive characteristics [17].

Park J. H. et al. found an association between CK20
loss, higher tumor grade, and tumors located on the right
side of the colon [12].

Our study found that 12 % of CRCs lost CDX2 stain-
ing; however the exact reasons for this drop in expression
are unknown (Table 3).

There was a negative association between CDX2
expression and histologic grade (p = 0.03), as well as
T pathologic stage (p = 0.01). However, no statistically
significant relationships were seen with tumour location,
N or M stage. CK7-ve / CK20+ve immune profile shows a
specificity of 95 % in predicting the colorectal adenocarci-
nomas, which was superior to that of CDX2 (Fig. 1). In our
study, CK20+ / CK7 — phenotype expression observed in
66.8 % of samples (Fig. 2).

Our findings are similarly consistent with those
of R. Bayrak et al., who discovered that the CK7-
ve / CK20+ve phenotype has a specificity of 96.7 % in
detecting CRC [18].

A study conducted by Bae et al. indicated that lower
CDX2 expression was related with proximal tumour site,
infiltrative growth, advanced T, N, M stages, and poor
differentiation. They reported that patients with CDX2
deletion had poorer overall survival [19].

Previous research has found that the CK7-ve/
CK20+ve pattern detects CRC between 65 % and 95 %,
compared to one-third of gastric carcinomas and fewer
than 10 % of pancreatic carcinomas [6,19,20].

In the lack of morphologic or immunohistochemical
support, CK7 and CK20 are ineffective for predicting the
place of origin of adenocarcinoma. CDX2 is a nuclear
transcriptional regulator that controls intestinal cell dif-
ferentiation and survival. It is thought to be selective for
enterocytes [21,22].

This study’s findings are similarly compatible with
those of Zhang et al, who discovered that CDX2 expres-
sion is much higher in gastric carcinoma compared to
normal gastric mucosa, showing that CDX2 is up-regu-
lated in gastric carcinogenesis, with a reported positivity
in 53.3 % of 60 cases. In relation to CDX2 expression in
pancreatic ductal adenocarcinoma. Ahmed et al. reported
CDX2 expression in 38.75 % of gastric carcinoma cases.
Although this has been questioned by others who found
no CDX2 expression [23].

Maronoris. Tom 21, Ne 3(62), BepeceHb — rpyaeHb 2024 p.

OpwuriHaAbHiI AOCAIAXKEHHS

Conclusions

1. Our findings confirm CRC heterogeneity.

2. 33.2 % of cases showed an atypical CK7 / CK20
immunological profile, which influenced metastatic CRC
diagnosis.

3. CK7 had no histopathologic connection, however
CK20 was associated to histological grade. CDX2 loss
is related to tumour grade and depth (T-stage). Both the
CK7-ve /| CK20+ve phenotype and CDX2 expression
are extremely specific and sensitive indicators of CRC.

Prospects for further researches. More thorough
research is needed to investigate association between
immunohistochemistry patterns and colorectal carcinoma
features.
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OpwuriHaAbHiI AOCAIAXKEHHS

PiBHi LMPKYAIOIOUOrO KaTeCTaTUHY NPU Pi3HUX KAIHIYHUX BapiaHTax
iLuemMiuHoi XBOpOoOM cepuA y XBOPUX Ha XPOHiIUHY CepLEeBY HEAOCTATHICTD,

CYNYyTHi LYKPOBUMU AiabeT 2 TUNY U OXKUPiHHA

K. M. BopoBuk©®*A-2 0, |. KapukoBa®C®, . 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 - OLHUTM PIBHI LIUPKYMIOKOYOTO KaTecTaTuHy Ta BCTAHOBUTW B3aEMO3B'A3KM 3 PI3HUMU KITiHIYHUMMW BapiaHTaMu
iLuemiyHoi xBopobu cepus (IXC) y XxBopux Ha XPOHIYHY cepueBy HegocTaTHicTb (XCH) i cynyTHi uykposwii giabet (L) 2 Tvny,
OXMPIHHS.

Marepianu i meToau. O6cTexunm 154 xBopwx, SKUX NOAINUNM Ha 4 rpynu BiBNOBIAHO [0 BUSBNIEHWNX METABO0MIYHMX NOPYLUEHD.
[o 1 rpynu 3anyyunu nadienTis i3 XCH, IXC, U 2 tvny # oxupiHHam (n = 42); o gpyroi — xBopux Ha XCH Ha ¢ooHi IXC i cy-
nyTHboro LI 2 tuny (n = 46); Ao TpeTboi — 0cib i3 cynyTHIM OXUPIHHAM (N = 36); 4eTBEpTY rpyny cchOPMOBAHO 3 XBOPMX, KOTPI
manu o3Hakm XCH iwemiyHoro reHesy 6e3 metaboniyHux nopywweHs (n = 30). [Jo KoHTponbHOi rpynu 3anyymniu 30 npakTuiHo
300pOBUX OCIO, sIKi 3iCTaBHi 3a BikoM i CTaTTO. KpiM TOro, NavieHTiB noginunu Ha nigrpynu 3anexHo Big kniHiuHoi dopmu IXC
(cTabinbHa cTeHokapais HanpyxeHHs, nicnsiHgapkTHUA kapaiocknepos (MIKC) i audyaHuii kapaiocknepos).

Pesyabrati. 3icTaBMBLLUM PIBHI LIMPKYITIOOYOTO KatectaTuHy B 1, 2, 3 i 4 rpyni, BCTAHOBWIM JOCTOBIPHO HWXKYi 110T0 PiBHI B
nauieHTiB 3i cTabinbHOK CTEHOKAPAIE HANPYXXeHHS MOPIBHSHO 3 XBOPUMM, ki Manu Andy3HWiA kapaiocknepos, Ha 73,25 %,
66,56 %, 69,86 % Ta 58,22 % signosigHo (p < 0,05). MNopiBHAHHS PIBHIB KaTECTaTMHY NMOKa3ano MOro 3MEHLLEHHS Y XBOPWX
Ha cTabirnbHy CTEHOKApLil0 HaNpPyXeHHs MOPIBHSHO 3 MmallieHTamu, y KoTpux giarHoctoaHo MIKC, Ha 64,33 %, 63,70 %,
69,25 % 1a 52,02 % B 1, 2, 3 i 4 rpyni BignosigHo (p < 0,05). Y pesynbrarti 3icTaBneHHs nigrpyn Andy3Horo kapaiockneposy
i MIKC pocToBipHMX 3MiH He BusiBneHo (p > 0,05). MokasHWky KaTecTaTUHy B KOHTPOSbHIN rpyni BiporigHO BigpisHsnmcs,
30KpemMa BUSIBUMN 3BiNbLLEHHS KOHLEHTpaLi NenTuay NOpIBHAHO 3 XBOPUMM Ha cTabinbHy cTeHokapaito HanpyxeHHs, MIKC
i Andby3HWA Kapaiocknepos y BCix rpynax nopiBHsiHHSA (p < 0,05). OuiHIOBaHHS 3B'A3Ky MiX PIBHSMM KaTecTaTuHy CMpOBaTKU
KPOBI Ta KNiHi4YH1MK BapiaHTamm IXC nokasano cunbHMin 3BOPOTHWIA 3B'A30K MiX KaTeCTaTMHOM i CTabinbHO CTeHOKapaieo
HanpyxeHHsi (r = -0,67, p < 0,05), 3BopoTHWIA 38’30k cepenHboi cumm — 3 MIKC (r = -0,42, p < 0,05). WLogo metaboniyHmx
3aXBOPIOBaAHb TaKOX BCTAHOBWM 3BOPOTHMIA 3B'A30K cepeaHboi cunn 3 LU 2 Tuny (r = -0,54, p < 0,05).

BucHoBKH. KOHLEHTpaLLisi KaTeCTaTHY CPOBATKM KPOBI Byrna HaHKYOHO Y rpyni XBOPUX HA XPOHIYHY CEpLIEBY HEAOCTATHICTb
iLleMi4HOro r'eHesy Ha hOHi CynyTHLOrO LIyKPOBOrO AiabeTy 2 Tumy 1 OXUPIHHSA MOPIBHAHO 3 i30MboBaHMM nepebirom XCH
(p <0,05). Lie nigTBepmxye npoTuananbHi eeKkTn KaTeCcTaTuHy Ta Aoro 3B'A30K i3 MPOrpecyBaHHsAM iHCYMIHOPE3UCTEHTHOCTI.
Cepen KniHiYHMX BapiaHTIB ilLeMivHOi XBOpobY cepusi HalHWKYI PiBHI kaTecTaTuHy 3adikCOBaHO Yy XBOPUX Ha CTabinbHy
CTeHoKapaito Ta NocTiHgapkTHWIA kapaiocknepos (r = -0,67 ta r = -0,42, p < 0,05 signosigHo). Lle cBigunTb npo acouiadito
Liboro Biomapkepa 3 pisHUMU KITiHIYHUMW BapiaHTaMK iLLeMi4HOT XBopobu cepus.

Levels of circulating catestatin in different clinical variants of coronary heart disease
in patients with chronic heart failure and concomitant type 2 diabetes mellitus and obesity

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

The aim is to assess the levels of circulating catestatin and to establish relationships with various clinical variants of coronary
heart disease (CHD) in patients with chronic heart failure (CHF) and concomitant type 2 diabetes mellitus (T2DM) and obesity.

Materials and methods. 154 patients were examined, divided into 4 groups according to the presence of metabolic disorders.
Group 1 included patients with CHF with CHD and T2DM and obesity (n = 42). The second group consisted of patients with
CHF on the background of CHD with T2DM (n = 46), the third group — with accompanying obesity (n = 36), the fourth group
was formed from patients who had signs of heart failure of ischemic origin without metabolic disorders (n = 30). The control
group consisted of 30 almost healthy persons of comparable age and sex. In addition, patients were divided into subgroups
depending on the clinical form of CHD: stable angina, post-infarction cardiosclerosis (PICS) and diffuse cardiosclerosis.

Results. Comparing the levels of circulating catestatin in groups 1, 2, 3 and 4, significantly lower levels of catestatin were
found in patients with stable angina, compared to patients with diffuse cardiosclerosis by 73.25 %, 66.56 %, 69.86 % and
58.22 %, respectively (p < 0.05). Comparison of catestatin levels revealed a decrease in catestatin levels in patients with
stable angina compared to patients with PICS by 64.33 %, 63.70 %, 69.25 %, and 52.02 % in groups 1, 2, 3, and 4, respec-
tively (p < 0.05). Comparison of subgroups of diffuse cardiosclerosis and PICS did not reveal significant changes (p > 0.05)
in any group of patients. The indicators of catestatin in the control group had significant differences in the form of an increase
in the concentration of the peptide, compared to patients with stable angina pectoris, PICS and diffuse cardiosclerosis in all
studied groups (p < 0.05). Evaluation of relationships between serum catestatin levels and clinical variants of coronary heart
disease demonstrated a stable inverse relationship between catestatin and stable angina pectoris (r = -0.67, p < 0.05) and
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PICS (r=-0.42, p < 0.05), and with regard to metabolic diseases, a medium-strength inverse relationship with type 2 diabetes

was also established (r = -0.54, p < 0.05).

Conclusions. The concentration of catestatin in blood serum had the lowest values in the group of patients with chronic heart
failure of ischemic origin with concomitant diabetes mellitus type 2 and obesity, compared to the isolated course of chronic
heart failure (p < 0.05), which confirms the anti-inflammatory effects of catestatin and its connection with the insulin resistance
progression. Among the clinical variants of coronary heart disease, the lowest levels of catestatin were demonstrated by
patients with stable angina pectoris and post-infarction cardiosclerosis (r = -0.67 and r = -0.42, p < 0.05, respectively), which
indicates the association of this biomarker with various clinical variants of coronary heart disease.

KatectaTuH — eHOOreHHW nenTua, kUi Bigirpae Bax-
NMBY POnb Y perynsuii cepueBO-CyaMHHOI CUCTEMM Ta
MeTabosiYHUX MpoLEeCiB B opraHiami. BiH yTBOprOETLCA
LUMISIXOM MPOTEONi3y XpomorpaHiHy A — Ginka, skuin 36e-
pira€TbCs B CEKPETOPHUX rpaHynax eHOOKPUHHUX i HER-
POEHAOKPUHHMX KNiTWH [1]. OCTaHHIM Yacom katecTaTuH
cTaB 00'eKTOM HayKOBVX AOCTIIKEeHb 3aBASAKN BMACTUBUM
IOMy NNevoTPOnHUM edeKTam: aHTUTiNepTEH3UBHUM,
aHTWMOKCUAAHTHUM | NpoTM3anansbHM [2].

XpoHiyHa cepueBa HegocTaTHicTb (XCH) € nowwu-
PEHUM | TSKKMM KIiHIYHUM CUHOPOMOM, LLO CMPUYMHSE
BUCOKY CMEPTHICTb i 3HMXXEHHS SIKOCTI XWUTTS NaLliEHTIB.
Bigomo, Wwo 3ananbHi npouecy Ta NopyLUeHHs MeTa-
Gonismy niniais i ByrNeBOAiB Bi4irpatoTb KMNYOBY porb
y natoreHesi XCH. Llykposuit giabet 2 tuny (LA2) n
OXMPIHHSA — roNoBHI hakTopy pusnky po3eutky XCH. Lie
06r'pyHTOBYE HEOOXIAHICTL NPOJOBXWTY BUBYATH MeXa-
Hi3MM B3aeMOZi MK LMY NaTonoriyHumm ctaHamu [3].

Y pesynbTaTi HELLOAABHIX AOCAIAXEHb NOKa3aHo,
LU0 KaTecTaThH MOXE MaTu BaXKIMBE 3HAYEHHS B NaTo-
reHesi XCH, LI 2 Tuny 1 oxupiHHs. Tak, BCTaHOBMEHO,
o piBeHb kaTecTaTWHy B Nna3mi KPOBi 3HUKEHUN Y
TakvX NaUieHTiB, | e MOXe CBiAYMTI NPO NOro 3aXUCHY
ponb [4]. KaTecTaTuH MOXe 3HWXyBaTW apTepianbHum
TWCK, NOKpaLLyBaTW PyHKLit0 eHOoTenito, NpUrHivyBatu
OKVCHIOBarnbHWIA CTpec i 3ananeHHs. Lle pobutsb ioro
NOTEHLiiHUM BioMapKepoM i TepaneBTU4HUM areHToM y
nikyaHHi XCH, LI 2 Tvny Ta oxupiHHs. BTiM, HepgocTat-
HbO BUBYEHWM 3a5ULLAETLCA 3B'A30K kaTecTaTuHy 3 XCH
npw iLemiyHin xBopobi cepug (IXC), i 3okpema B ymoBax
KOMOpBIAHOCTI, Yepe3 0OMEXEHY KiMbKICTb CIOCTEPEXHIX
LOCTiIKEHD, @ OTXKE NMOKU LLI0 HEMAE 3MOrv 3pOBUTY YiTKi
BVCHOBKM MPO 110r0 [iarHOCTUYHY KOPUCTb.

[louinbHMM BBaXa€eMO MOLLYK 3B'S3KY MK piBHEM
katectatHy Ta XCH Ha ¢oHi pisHKX KIiHIYHMX chopm
IXC, L 2 Tuny # OXMpiHHA, @ TaKoX OLHIOBaHHSA MOX-
TIMBOCTEN BUKOPUCTAHHS KaTeCTaTWHy B AiarHOCTUYHMX i
TepaneBTUYHKX CTPATENiSX Y KMiHIYHIN MpakTuLi.

MeTta pobotu

OUiHWTY piBHI LIMPKYTIOKYOIO KaTeCTaTuHy Ta BCTAHOBUTU
B32EMO3B'A3KM 3 Pi3HUMM KNiHIYHMMM BapiaHTaMu iLLeMiy-
HOT XBOpOOY CepLst y XBOPYX Ha XPOHIYHY cepLEeBy HeOo-
CTaTHICTb i CyMyTHI LlyKpoBMIA AiabeT 2 TUny, OXVPIHHS.

Martepianu i meToAU AOCAIAKEHHA

O6etexunn 154 xBopux, SKUX NOAINUMAKN Ha 4 rpynu
BiAMOBIAHO [0 BUSIBMNEHUX MeTaboniyHmx nopyLieHs. [1o
1 rpynu 3anyyunu nauienTis i3 XCH, IXC, LA 2 tuny 1
OXMpiHHAM (n = 42); oo apyroi — xBopux Ha XCH Ha coHi
IXC i cynyTHboro LI 2 Tuny (n = 46); fo Tpetboi — ocib i3
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CynyTHIM OXUPIHHAM (n = 36); YeTBepTY rpyny copmoBa-
HO 3 XBOPMX, KOTpi Manu o3Haku XCH iemiyHoro rexHesy
6e3 meTaboniyHux nopyteHs (n = 30). [Jo KOHTpOMbHOT
rpynu 3any4unu 30 NpakTU4HO 300POBYX OCID, 5K 3iCTaBHI
3a BikOM i cTaTTio.

Cepen obctexeHnx xBopux Ha XCH | ®K giarHocTto-
BaHa B 56 (36,4 %) oci6, Il ®K -y 54 (35,1 %), [l -y 44
(28,5 %) Bunaakax, 3rigHo 3 knacudikauieto Hito-Mopk-
cekoi Acoujiauii cepust (NYHA). 3asHaunmo, o 44 (28,6 %)
nauieHTn manu dpakuito Bukugy (PB) Ha pisHi <40 %,
L0 CBIAYUTb MPO 3HWXKEHY CUCTOMIYHY (DYHKLIitO NiBOrO
wnyHoyka (J1LL); y 48 (31,2 %) ocib Br13Ha4YeHO NOMIPHO
3HukeHy @B T — 4149 %; y 62 (40,2 %) xBopux 3adik-
coBaHa 36epexeHa cvctoniyHa dyHkuis J1LL 3 @B 250 %
BiANOBIAHO 4O heHOTUNMIB CepLIEBOI HEAOCTATHOCTI.

Kpim TOro, nauieHTiB Noginunmn Ha nigrpynu 3anex-
HO BiZ KniHiYHOT dhopmu IXC: cTabinbHa cTeHokapais
HanpyxeHHs, nocTiHdapkTHuiA kapaiocknepos (MIKC) i
Andby3Huii kapaiocknepos (mabs. 1).

CTpyKTypa rpynu nauieHTiB 3a KNiHiYH1Mu cpopMamu
IXC: cTabinbHa cTeHoKapais Hanpy>XeHHs AjiarHocTo-
BaHa y 12 (28,57 %) npotn 16 (38,10 %) nauieHTiB i3
Andy3Hum kapgiockneposom (x2= 0,875, p = 0,355) Ta
npotun 14 (33,33 %) ocib i3 MIKC (x?= 0,223, p = 0,673)
y rpyni XCH npw IXC i L 2 Tuny, oxupiHHi; ctabinbHa
CTeHoKapais HanpyxeHHs BussneHay 14 (30,43 %) npotu
17 (36,96 %) nauieHTiB i3 oMdy3HUM KapRiocKnepo3om
(x?= 0,438, p =0,509) i npotn 15 (32,61 %) oci6 i3 MIKC
(x?= 0,050, p = 0,823) y rpyni XCH npu IXC i cynyTHbO-
my L 2 tuny; ctabinbHa cTeHoKapgisi Hanpy»KeHHs
Bu3HaveHa y 9 (25,00 %) npotu 14 (38,89 %) naujeHTiB
i3 AndpysHum kapgiockneposom (x2= 1,597, p = 0,207) i
npotu 13 (36,11 %) oci6 i3 MIKC (x?= 1,047, p = 0,307) y
rpyni XCH iLueMi4HOro NoXomKeHHs 3 CynyTHIM OXUPiH-
HsIM; cTabinbHa CTEeHOKapList HANPYXeHHs BCTAHOBNEHA
y 9 (30,00 %) npotu 11 (36,67 %) naviexTis i3 Andys-
HUM kapgiockneposom (x?=0,300, p = 0,584) i npotn 10
(33,33 %) ocib i3 MIKC (x>= 0,077, p = 0,782) y rpyni
XCH iwemiyHoro reHesy 6e3 MmeTabonivyHMX NopyLUEHb.

[lo pocnimKkeHHs He 3anyyanu BariTHUX, XBOPUX Ha
rocTpi iHeKLifHi Ta aBTOIMYHHI 3aXBOPIOBaHHS, AUQY3HI
3aXBOPHOBAHHS CMIONYYHOI TKAHUHW, OHKOMOTYHI 3aXBOPIO-
BaHHS, 3aXBOPIOBaHHS rinodisy Ta rinotanamycy, nawjieH-
TiB i3 XPOHIYHO HUPKOBOIO HEAOCTATHICTIO 3i 3HVKEHHAM
LLIK® meHwe Hix 35 mn/xe/1,73 M2, cUMITOMATUHHUMMU
rinepTeHsigMun, rocTpM KOPOHApPHWM CUHOPOMOM i
rOCTPVM MOPYLLEHHSIM MO3KOBOTO KPOBOOBIry MpoTSrom
OCTaHHiX 6 MicsaLiB, 0Ci0 i3 3aroCTPEHHSIM XPOHIYHMX 260
rOCTPYMU 3anarnbHUMK 3aXBOPIOBaHHAMM; MaLliEHTIB, Y
SKUX B @aHaMHe3i Gy 3NOBXMBaHHS aKOroNeM, NCUXiYHi
3aXBOPIOBaHHSI; XBOPUX, Y SkMX nepenbavanu BUCOKY
iIMOBIPHICTb MOPYLLEHHS MPOTOKOMY AOCHIMKEHHS], 8 TaKOX
0cib, koTpi He Bynu rpomagsHaMu YkpaiHu.
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OpwuriHaAbHiI AOCAIAXKEHHS

Tabauus 1. Po3nogin xBopyx 3anexHo Bif KIiHiYHOT dhopmm iLemiyHoT XBopobu cepus

®opmu IXC XCH npm IXC + LA 2
TUNY + OXUPIHHA, N = 42

CrabinbHa cTeHoKapaist HanpyxeHHs, abe./% 12 (28,57 %)
Nndbyannit kapgaiocknepos, abe./% 16 (38,10 %)
MIKC, abc./% 14 (33,33 %)
X 0,875
0,223
3HauyLLicTb po3bikHocTel (p) =0,355
=0,637

14 (30,43 %) 9 (25,00 %)
17 (36,96 %) 14 (38,89 %) 11 (36,67 %)
15 (32,61 %) 13 (36,11 %) 10 (33,33 %)
0,438 1,597 0,300

0,050 1,047 0,077
=0,509 =0,207 =0,584
=0,823 =0,307 =0,782

XCH npu IXC + LA 2 Tuny, | XCH npwu IXC + oxupinHa, | XCH npu IXC 6e3 meTa6o-
n =46 n =36 NiYHUX I10py|.LleHb n =30

CraHpapTHa meToamka 0B6CTEXEHHSI XBOPOrO ne-
penbavana KniHiyHe Ta nabopaTopHO-IHCTPYMEHTarnbHe
JOCTiMKeHHS! 3riiHO 3 pekoMeHaaLisiMM €BpPONercbKoro
ToBapuctea Kapgionoris (ESC) 2021 poky, AmepukaH-
cbKoi aiabetnyHoi acouiauii (ADA) 2019 poky Ta MixHa-
poaHoi hepepaii niabety (IDF) 2018 poky. JlabopaTopHi
1 iHCTpyMeHTanbHi JOCMigXEHHS 3aiicHunu Ha 6asi
KHIM «Micbka kniHiyHa nikapHs Ne 27» XMP (M. XapkiB)
Ta LleHTpanbHoi HaykoBO-focnigHoi naboparopii Xapkis-
CbKOrO HaLiOHaNbHOro MEANYHOTO YHIBEPCUTETY.

[iarno3 IXC BepudpikoBaHoO BignoBigHO 4O CTaHAap-
TiB €Bponencbkoro ToBapucTea kapgionoris, Acoujauii
Kapgionori Ykpaitu, npotokonis MO3 Ykpainu (YHi-
(hikOBaHWIA KNiHIYHWIA NPOTOKOS NMEPBUHHOI, BTOPUHHOI
(cneuianizoBaHoi) Ta TPETUHHOI (BUCOKOCNEL|iani3oBaHoI)
megmuHoi gonomorn «CtabinbHa iwemMiyHa xsopoba
cepus» Big 23.12.2021 Ne 2857).

XCH piarHocTyBanu 3a knacudikauieto Poboyoi
rpynu 3 cepLieBoi HedoCTaTHOCTI YKpaiHCbKOro HayKoBOro
TOBapuUCTBa KapZionoris; yHKLiOHaNbHUIA Knac OLujiHio-
Banu 3a kpuTepiamn Hito-Vopkebkoi acouiauii cepus
(New York Heart Association, NYHA). fiarnos LI 2 tuny
BU3Ha4anu 3a Kputepisimu YHicikoBaHOro npoTOKOMy
HazaHHs MeguyHoi fonomoru «Llykposuii fiabet» (Hakas
MOS Ykpainm Big 24.07.2024 p. Ne 1300).

[lna BM3HAYeHHs! piBHA kaTecTaTuHy (Hr/mn) 3acTo-
CyBanu iMyHo(hepMeHTHWI METOA, BUKOpUCTany Habip
peareHTiB CUSABIO Human Catestatin-1 ELISAKit 3rigHo
3iHCTpYKLUi€to, Lo AoaaHa Ao Habopy, Ha iMyHoepMeHT-
Homy aHanizatopi «Labline-90» (AscTpisi) B LieHTpanbHin
HayKOBO-A0CTiHI naboparopii XapKiBCbKOro HaLlioHarnb-
HOTO MEVYHOTO YHIBEPCUTETY.

30iNCHUNM CTaTUCTUYHWIA aHani3 JaHux MeTogamu
napamMeTpy4HOI Ta HemapaMeTpyyHoi cTatucTykn. Ctatuc-
TWYHE KOMITHOTEPHE OMpaLitoBaHHS! PE3yIbTaTiB BUKOHANM
3a 10MoMOroro nporpamHoro nakety Statistica 6.0 (StatSoft
Inc, CLIA) Ta Microsoft Office Excel 2010. Pesynsraty
HaBeOEeHO 5K CepeaHe 3HaYeHHs Ta NoxmbKy cepeHbOro
3HaveHHs (M £ m). Mig yac aHanidy BUBIpOK, Lo He Bia-
nosifganu 3akoHam [ayCiBCbKOro po3noginy, BUkopucTanm
U-kpuTepiit MaHHa—BiTHI ans He3anexHux BUBipoK.
AHaniaysarnu JOCTOBIPHOCTi YaCTOTHOrO PO3MOZiNy 3a Kpu-
TepieM ¥? 3 nonpaekoto MaHTens—XeHuens. BigMiHHoCTi
MiX rpynamu npw po3nogini, 6rim3skomy 4o HopMarbHOro,
OLiHIOBanM 3a AONOMOroto kpuTepito MipcoHa (r).

PesyAbTati

Y pesynbTarti NOPIBHAHHS PIBHIB LIMPKYITHOKYOro KaTecTa-
TuHyY B rpyni xBopux Ha XCH npu IXC, LIA 2 Tuny 1 oxm-
PiHHI BU3HAYMNK JOCTOBIPHO HWXYi PiBHI KaTecTaTuHy y
XBOPUX XBOPWX Ha CcTabinbHy CTEeHOKapAito HampyKeHHS

Maronoris. Tom 21, Ne 3(62), BepeceHb — rpyaeHb 2024 p.

MOPIBHSAHO 3 NaLjieHTamu, y SKUX fiarHocToBaHO Andys-
HuI kapgiocknepos i MIKC, Ha 73,25 % Ta 64,33 % Bigno-
BiaHO (p < 0,05). 3icTaBMBLUM 3 NOKA3HUKAMW KOHTPOSBHOT
rpynu, BCTAHOBWIN: KOHLEHTPALIS KaTeCTaTuHy 3MeH-
Lmnack y nigrpyni XBopyx Ha Andy3HUIA Kapaiocknepos
Ha 73,88 % (p < 0,05), 3 MNIKC — Ha 80,41 % (p < 0,05),
3i cTabinbHO CTeHoKapaieto HanpyxeHHs — Ha 93,01 %
(p < 0,05). He sachikcoBaHO 3HauyLLMX BiAMIHHOCTEN Y
pesynsTaTi NOPIBHAHHA NiATPYN XBOPUX Ha AMMY3HWUN
kapgiocknepos i MIKC (p > 0,05).

3a pesynbTataMu OLIHIOBaHHS KOHLEeHTpauii Ka-
TecTaTuHy B Apyriii rpyni xsopumx (Ha XCH i cynyThii L[
2 Tuny), BCTAHOBMEHO: Y NiArpyni nauieHTiB i3 andys-
HUM KapZiocknepo3oM piBHI katectaTuHy Ha 66,56 %
(p < 0,05) nepeBuLLyBanu NOKa3HUKN OBCTEXEHUX 3i
CTabinbHOI CTEHOKApAiEt; HAaTOMICTb, MOPIBHSABLUM AaHi
3 nigrpynoto nauieHTis, koTpi manwu MIKC, gocToBipHMX
BiAMiHHOCTel He BusiBneHo (p > 0,05). Y xBopux Ha cTa-
6inbHy CTEHOKapAito CMPOBATKOBUI PIBEHb KATECTATUHY
Ha 63,7 % (p < 0,05) Hmkumn, Hix B oci6 i3 MIKC. Axa-
Mi3yto4n NOKa3HWKM KOHTPOMbHOI rpynu, BCTAHOBMNEHO
[OCTOBIPHO BULLi 3HAYEHHS KaTeCTaTUHY MOPIBHSHO
3 napaMeTpamu nauieHTiB i3 Pi3HAMMW KNiHiYHUMK Ba-
piaHTamu IXC: gndpysHum kapgiockneposom, MIKC i
cTabinbHot cTeHokapaieto — Ha 26,00 %, 31,84 % Ta
75,26 % BignosigHo (p < 0,05).

3icTaBHi pesynkTaty ofepani 1 LWoao NauieHTiB Tpe-
ThOI rpynu, y sikux aiarHoctoBaHo XCH Ha Tni cynyTHLOro
OXVpPiHHSA. CMPOBAaTKOBA KOHLIEHTPALLiS KaTeCTaTuHy y XBO-
p¥X Ha CTabinbHy CTEHOKapPLto 3MEHLLYBanacs NOpiBHAHO
3 MOKA3HWKOM NaLlieHTIB i3 Any3HMM KapaioCcKrepo3om (Ha
69,86 %, p < 0,05) Ta 3 MIKC (Ha 69,25%, p < 0,05). Mix
nigrpynamu ocib i3 audpysHnm kapgiockneposom i MIKC
[OCTOBIpHI BigMIHHOCTI HE BUsIBUMW. OKa3HWKM KaTecTa-
TWHY B KOHTPOMbHIN rpyni 3HAYyLLO NepeBuLLYyBany Taki B
nigrpyni XBopyx Ha Andy3HUA kapgiocknepos (Ha 24,74 %,
p <0,05), NIKC (Ha 26,23 %, p < 0,05) Ta cTabinbHy cTe-
Hokapaito (Ha 77,32 %, p < 0,05).

Y nauieHTiB i3 XCH iluemiyHoro noxomkeHHs 6e3
CynyTHbOI MeTaboniYHol naTonorii piBHI LMPKyOHYOro
KaTecTaTuHy 3MEeHLLYBanucs B niarpyni ctabinbHoi cTe-
Hokapaii NOpIBHAHO 3 Miarpynamu Audpy3HOro kapajiockne-
poay Ta MIKC (Ha 58,22 % Ta Ha 52,02 % BignosigHo).
[ToKa3HMKM KaTecTaTuHy B KOHTPOMbHIN rpyni Manu
[OCTOBIPHI BiAMIHHOCTI. Tak, 3adikcoBaHO 30iMnbLUEeHHS
KOHUeHTpauji nentuay Ha 9,05 % NOpiBHAHO 3 XBOPUMU
Ha MIKC, Ha 56,36 % Loa0 nokasHuka nawjieHTiB 3i cTa-
6inbHoto cTeHokapgieto (p < 0,05). MopiHAHHS nigrpyn
AndbysHoro kapaiocknepoay i MIKC foctoipHMX 3miH He
Bussuno (p > 0,05).

OuiHI0BaHHSA B3aEMO3B’A3KIB MiX PiBHAMM KaTecTa-
TUHY CMPOBATKM KPOBI Ta KMiHIYHUMU BapiaHTamm iLle-
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Tabauusa 2. PiBHI LIMPKYTIOMOrO KaTeCcTaTHy Npy PisHUX KMiHIYHUX BapiaHTax
iLuemiyHoi xBopo6K cepus y xBopux 1 rpynu

Moka3Huk, oguHNLi AndbysHuii niKC CrabinbHa KoHTponbHa
BUMIPHOBaHHSA Kapaiocknepo3s cTeHoKappaif | rpyna

KatecTaTuH, Hr/mn

PiBeHb cTatncTuyHoi
3HaYyLLOCTi

2,28+0,12 1,71£0,17 0,61£0,23 8,73+0,14
p,,>0,05 p,,<0,05 p,,<0,05 =

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

p,,<0,05

Tabauusa 3. PiBHI LIMPKYMIOYOrO KaTecTaTHy Npy PisHUX KNiHIYHUX BapiaHTax
iLuemMiyHoOi XBOpOGM CepLs Y XBOpUX 2 rpynu

Moka3Huk, oguHNLi AndbysHuin niKC CrabinbHa KoHTponbHa
BUMIpHOBaHHSA Kapaiocknepo3s cTeHokappais | rpyna

KatecTaTuH, Hr/mn

PiBeHb cTaTncTuyHoOi
3HaYyLLOCTi

6,46 £0,15 595+0,19 2,16 £ 0,31 8,73+0,14
p,,>0,05 p,,<0,05 p,,<0,05 =

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

p,,<0,05

Tabauusa 4. PiBHI LIMPKYTMIOMOrO KaTecTaTHy Npu PisHUX KNiHIYHUX BapiaHTax
iLuemMiyHoi XBOpOGM CepLs y XBOpUX 3 rpynu

Moka3Huk, oguHNLi Oundpy3Hun niKC CrabinbHa KoHTponbHa
BUMIpHOBaHHSA Kapaiocknepo3s cTeHokappais | rpyna

KatecTaTuH, Hr/mn

PiBeHb cTaTncTuyHoOi
3HaYyLLOCTi

6,57 £ 0,17 6,44 £0,16 1,98 0,28 8,73+0,14
p,,>0,05 p,,<0,05 p,,<0,05 -
p,,<0,05 p,,<0,05

p,,<0,05

Tabauua 5. PiBHI LIMPKYMIOMOro KaTecTaTHy Npy PisHUX KNiHIYHUX BapiaHTax
iLuemMiyHoOi XBOpOGM CepLs Y XBOpUX 4 rpynu

Moka3Huk, oguHNLi Oundpy3Hun niKC CrabinbHa KoHTponbHa
BUMIpIOBaHHSA Kapaiocknepo3s cTeHokappais | rpyna

KatecTaTuH, Hr/mn

PiBeHb cTaTncTuyHoi
3HaYyLLOCTi

9,12+0,14 7,94+0,19 3,81+£0,18 8,73+0,14
p,,>0,05 p,,<0,05 p,, < 0,05 =

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

p,, > 0,05

Tabauua 6. B3aeMo3B's13kM Mix PIBHSIMW LIMPKYTIIOOYOTO KaTeCcTaTuHy Ta KMiHIYHUMK
BapiaHTamu iLuemiuHoi XBopobin cepust, MetaboniyHmMm nopyLieHHamn (r ., = -0,41)

cri

CrabinbHa cTeHokapgis
MIKC

[udbyaHnit kappiocknepos
ua 2 tuny

OXMpiHHSA

-0,67 <0,05
-0,42 <0,05
-0,16 >0,05
-0,54 <0,05
-0,28 >0,05
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MiYHOT XBOpOOU CcepLs NMokasano CUMbHWIA 3BOPOTHUI
3B’130K MiX KaTeCTaTUHOM i CTabiNbHO CTEHOKapAieto
HanpyxeHHs (r =-0,67, p < 0,05), nomipHui1 3BOPOTHUI
38’30k —i3 [MIKC (r =-0,42, p < 0,05); i3 andpysHum kap-
[LliOCKIIEPO30M BCTAHOBIEHO 3BOPOTHWIA 3B'S130K, L0 HE
focsr pisHs BiporigHocTi (r =-0,16, p > 0,05). LLiogo me-
Taboni4yHNX 3aXBOPIOBaHbL TAKOX BUSHAYMIM 3BOPOTHUI
3B'5130K cepeaHboi cunm 3 LI 2 tuny (r=-0,54, p < 0,05),
a 3B’A30K 3 OXMPIHHAM He [Jocsr piBHA AOCTOBIPHOCTI
(r=-0,28, p>0,05). Peayneratv HaBegeHo B mabnuui 6.

06roBopeHHA

[locnigxeHHs OCTaHHIX pOKIB Nokasasnu, Lo KaTecTaTuH
Bigirpae BaXxnu1By pofb Y NpOrpecyBaHHi cepueBoi He-
[lOCTaTHOCTI, 0COGNMBO Ha TNi CynyTHLOI MeTaboniYHol
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natonorii. BiH 6epe yyacTb y natorexesi LI 2 tuny i
OXMPIHHS, | Lie 3yMOBJTHOE MO0 NOTEHLINHY MPOrHOCTWY-
HY LiHHICTb ANst AjiarHOCTWKM ycknagHeHoro nepebiry Ta
fexomneHcauji XCH iwemiyHoro noxomkeHHs. Lie aeuiue
MO>XHa MOSICHUTK KiNlbkoMa MexaHi3amamum, Lo OnucaHi B
po6oTtax gocnigHuKIB.

[No-nepLue, XpOHiYHe 3ananeHHs, Lo € XapaKTepHUM
i ANst cepLeBO-CYAMHHOI naTonorii, 1 Ans MeTabonivyHnx
CTaHiB, MOXe 3HVKyBaTU piBEHb KaTecTaTuHy. 3ananbHi
LIMTOKIHW, SIK-OT iHTepneiikiH-6 (IL-6) i dakTop Hekposy
nyxnuH anba (TNF-a), MOXyTb NpurHivyBatyt CMHTE3
XPOMOrpaHiHy A i NOro HaCTymHWIM NpOTeoni3 40 Ka-
TecTaTuHy [2]. XpOoHiYHe 3ananeHHsi TakoX CnpUdnHsE
OKMCHIOBaIIbHUI CTPEC, LLIO MOXE MOLLKOMKYBATU BiNkoBi
CTPYKTYp¥ Ta 3MiHIOBATH IXHIO (OYHKLiIOHAMbHICTb [5].

lMo-Apyre, iHCYNiIHOPE3NCTEHTHICTb, XapakTepHa Ans
O 2 mvny, yacto — ans cynytHeoi XCH Ta oXuMpiHHS,
MOXe BMIMBaTW Ha PiBEHb KaTecTaTuHy. IHcyniHope-
3UCTEHTHICTb NPWU3BOAWTL [0 NOPYLUEHHA MeTaboniamy
rIOKO3M Ta NiNnigiB, @ OT)XXe MOXe HEeraTMBHO BMMBaTU
Ha CMHTE3 i CeKpeLlilo XpomorpaHiHy A. 3HKEHHS PIBHSA
iHCYTiIHY MOXE TaKOX CMIPUYMHNTY 3HUXKEHHS! aKTUBHOCTI
eHpoTenianbHUX KIITUH, WO MPOAYKYITb XPOMOTPaHiHu
[6].

[No-TpeTe, NopyLLEeHHS yHKLUIT eHAOTENito € CMiNbHOK
pucoto XCH, LI 2 Tuny 1 oxwvpiHHs. EHgoTenianbHi kni-
TUHW BIZIrpaloTb BaXKNMBY POSb Y perynsuii CyanHHoro
TOHYCY Ta CUHTE3i Ba30aKTUBHUX PEYOBUH, BKITHOYAKOMM
KatecTtatuH [7]. [MoLKomKeHHS eHAOTENIO Yepes rineprri-
KEMit0, BUCOKUI apTepiasibHWiA TUCK | AUCHINIgEMit0 MOXe
TaKoX 3HUXYBaTW CekpeLito katectatuHy [8,9].

Baxnuee 3Ha4yeHHs MatoTb i rOPMOHanbHI 3MiHW,
30KpemMa nNiABWLLEHUA PiBEHb NENTUHY Yy XBOPUX Ha
OXMPIHHS; Ui 3pYLUEHHS MOXYTb BMIMBATU Ha piBeHb
kaTtecTaTuHy. Y gocnigxerHi Gautam K. Bandyopadhyay
MOKa3aHo: NenTWH — FTOPMOH, L0 Peryne aneTur i
meTaboniam, B HaAMMLLIKy MOXe CMPUYMHUTA PO3BUTOK
PE3NCTEHTHOCTI [0 10ro Aii, a Lie, CBOEK YEProt, Moxe
nopyLuyBaTty 6anaHc iHLMX MeTaboniyHO akTUBHMX Nen-
TMAiB, BKNtoYatoum katectatuH [10].

leHeTUYHI hakTopu Ta enireHeTUYHi Mogmdikavii
TaKoX MOXYTb BifdirpaBat ponb Yy perynsuii piBHiB
kaTectaTuHy. lNonimMopdismn B reHax, Wo KOAyTb
XxpomorpaHiH A, abo eH3nmu, siki 6epyTb y4acTb y 1ioro
MpOTeOnisi, MOXYTb BMIMBATW HA NPOAYKLHO Ta CEKpeLlito
katectatuny [11,12]. Kpim Toro, y npaui A. M. Mahmoud
noKasaHo: Taki enireHeTUYHi 3MiHW, SK MeTUMIOBaH-
Ha OHK i mogudikaLii ricToHiB, MOXyTb 3MiHIOBaTU
€KCMPECito BiANOBIAHMX reHiB Nig BNMBOM XPOHIYHUX
meTabonivHnx ctpecopis [13].

Brim, 3a gaHnMu okpemmnx [OCHimKEHb, KaTecTaTuH
MO3XeE BifirpaBaTii NEBHY POrb Y MOKPALLEHHI TonepaHT-
HOCTi A0 [TIIOKO3W Ta iHCYIiHY, LU0 MOXe CBiAYMTM Npo
Oro TepaneBTUYHMIA NOTEHLian nig Yac uux ctaHis. Tak,
focnigpxeHHs, onybnikosaHe Diabetes.co.uk, nokasano,
LU0 KaTeCTaTUH MOXE MOKPALLMTY Yy TIMBICTb A0 FTHOKO3U
1 IHCYMiHY B MULLEN i3 OXMPIHHSAM; Ha MiACTaBi LbOro Ha-
YKOBL|i ifLLAW BUCHOBKY NPO 0r0 CpUSTINBWIA BNAVB
Ha MmeTaboniyHi napameTpu. Kpim Toro, O. Pankova &
0. Korzh BcTaHoBMnK, WO piBHI KaTeCTaTuHy NOB’A3aHi 3
meTaboniYHMmn napameTpamy. ABTOPK HaronocuIv Ha
rioro poni B MeTaboniyHoMy romMeocTasi Ta BU3HAYUIN
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NOTEHLHY y4aCTb KaTeCTaTuHy B NaToisionorii Takux
cTaHiB, sk LU 2 tuny [14].

Btim, (haxoBuit KOHCEHCYC BKa3ye Ha 3HWKEHHS
piBHS KaTeCTaTWHy B OCi6 i3 METaboniYHUM CUHAPOMOM,
BKITHOYaKOUM NALEHTIB 3 OXVPIHHAM i LLyKpOBUM iabeTom
2 Tuny. Lle cBigu1Th Npo cknagHui 38°a30K, KOMK piBeHb
KaTecTaTuHy Moxe ByTI 3HKEHWI YaCTiLLe 3a LX YMOB,
ane N MoXe MaTu pi3Hi PiBHI 3aneXHO Bif, KOHKPETHUX
obcTaBuWH i cTafil 3axXBOptoBaHHS.

Pesyniraty, Lo BCTaHOBUNM Mif, Yac 06CTEXEHHS Na-
LiEHTIB, He cynepeyaTb AaH1M MKHapOAHUX AOCTIDKEHD,
a OTxe NiATBEpKYKTb BUCHOBKY, LLIO 3HKEHHS PIBHIB
KaTecTaTuHy y xBopix Ha XCH iLLeMi4HOro NoXomKeHHs,
L 2 Tvny 1 OXUPIHHA € KOMMMNEKCHAM MPOLIECOM, SKUI
3YMOBMEHUI NOEAHAHHSAM Mpo3anarbHyX, MeTabonivyHmX,
CYAVHHUX | reHeTUYHUX dhakTopiB. PO3yMiHHSA HaBeaeHNX
MeXaHi3MiB BiZKPMBAE HOBI NEPCMEKTMBY ANS AiarHOCTUKN
Ta NiKyBaHHs! LiX 3aXBOPHOBaHb.

BucHOBKU

1. KoHUEeHTpaLis kaTeCcTaTuHy C1poBaTki KpoBi byna
HaHWKYOI0 B rpyni XBOPUX Ha XPOHIYHY CepLeBy Hedo-
CTaTHICTb iLLEMIYHOTO MOXOMKEHHA Ha TRi CynyTHLOrO
LlyKpoBoro fiabety 2 Tny 1 OXMpiHHA NMOPIBHAHO 3 Na-
LieHTamu 3 i30rboBaHNM NepebiroM XPOoHIYHOI cepLeBoi
HepocTtatHocTi (p < 0,05). Lle ninTBepaxye npoTu3ananbHi
edpekTn KaTecTaTuHy. 3HWXKEHI PiBHI KaTecTaTuHy, 3adik-
COBaHi B NALJ€EHTIB i3 LiyKpoBWUM fiabeTom 2 Tuny i oxm-
PiHHAM, NiATBEPIKYIOTH 0T 3B’A30K i3 NPOrpecyBaHHAM
iHCYniHOPE3UCTEHTHOCTI.

2. HalHwxui piBHi KaTecTaTuHy BU3HAYEHO Y XBOPUX
Ha cTabinbHy cTeHoKapAito Ta NOCTiH(aPKTHWIA kapaio-
cknepos (r =-0,67 Tar = -0,42 BignosiaHo, p < 0,05). Lie
niaTBepaKye acoliauio uboro Giomapkepa 3 pisHAMU
KniHiYHMMI BapiaHTamu iLuemiyHoi xBopobm cepus. BeTta-
HOBWIN 3BOPOTHUI 3B’30K CEPEAHLOI CUNU MiX PIBHEM
KaTecTaTuHy Ta LykpoBuM aiabetom 2 tuny (r = -0,54,
p < 0,05). OTxe, kaTecTaThH MoXe OYTW BaXnmBUM
MapKepoM, SIKUA XapaKTepuaye CTyniHb MeTabonivHmnx
NOPYLLEHb | PU3NK CEPLIEBO-CYANHHUX YCKIAAHEHb Y Na-
LiEHTIB i3 NposiBaMM XPOHIYHOI CEpLIEBOI HEAOCTATHOCTI
iLUEMIYHOTO MOXOMKEHHS 1 LIyKPOBUM fiabeToM 2 Tuny.

MepcneKTMBU nopanbLUKMX AOCAIAKEHb. MOHITOPUHI
PiBHIB KaTECTaTUHY y XBOPKX Ha XPOHiYHY cepLieBy
HEOOCTaTHICTb iLLEeMiYHOTO NMOXOMKEHHS | CYNyTHIO Me-
TaboniyHy narornorito, 3o0Kpema LiyKpoBuii fiabet 2 Tuny
1 OXWPIHHSA, MOXe ByTV CNPSIMOBAHUN Ha BUBYEHHS
MOXIMBOCTi MOTr0 BUMKOPWUCTaAHHA SIK MPOrHOCTUYHOTO
Mapkepa Ansi OLiHIOBaHHS puauKy nporpecyBaHHs XCH
y nauieHTis i3 meTaboniyHrmm nopyLueHHsmu. Lle nactb
3MOry CBOEYACHO KOpUryBaTuh Tepanito, a Takox po3po-
6naTn nepcoHanizoBaHi nigxogn Ao nikysaHHs XCH y
MavuieHTIB i3 LyKPOBUM [iabeTom 2 TUMy 1 OXMPIHHAM.

diHaHcyBaHHA

AOCAiAKEHHS 3aiICHEHO B pamkax HAP XapkiBcbkoro
HaLlioHaABHOTO MeAMUHOTO YHiBEpCUTETY «Po3pobka cTparteri
AIarHOCTHKM, AiKyBaHHS Ta NPOrHO3yBaHHA nepebiry XpoHiuHoi
CepLLeBOi HEAOCTATHOCTI iLLEMIUHOTO reHe3y Ha TA MeTaboAIuHKX
nopyLUEeHb» 3@ NPOTPaMOI0 HaYKOBKX AOCAIAKEHB | PO3PO6OK, LLO
biHaHCYETCA 3 AEPKABHOIO BIOAXKETY, AEPXABHUI PEECTPALLIAHNI
Ne 0122U000119 (2022-2024 pp.).
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OpwuriHaAbHiI AOCAIAXKEHHS

CneKTpaAbHi, eKCnepUMEeHTaAbHO-TOKCUKOAOTiUHI U KBAaHTOBO-XiMiuHi
AOCAIKEHHSA NpeAUKTOpiB 6i0AOriYHOI aKTUBHOCTI THTAHOBMICHUX

HaHOYaCTUHOK, AONOBaHUX cpibAOM

0. M. ABopoBCbKUNDIACPEF A B, Paryaa®2ACEF B, M. PA6oBon®*1BCPE A | KypueHKo®1AC,

H. I. TuweHko®BC, M. M. 3aropHun®2B8CPE O, B. QinoHeHKo@3BCPE B, B. AobaHOBE3BCE
C. A. 3aropopHa@4BCE A, Q. ApTrox®4BCE

*HaujoHaAbHUI MearuHHiA yHiBepcuTeT iMeHi 0. 0. BoromoabLia, M. KuiB, YkpaiHa, 2IHCTUTYT npobAaem matepiano3HaBcTga iM. |. M. GpaHuesuya
HAH Ykpainu, M. Kuis, YkpaiHa, 3IHcTUTYT Ximil noBepxHi im. 0. O. Uyiika HAH Ykpainu, M. KuiB, *IHcTUTyT Mikpobioaorii i Bipycoaoril

iMm. A. K. 3abonotHoro HAH Ykpainu, M. Kuis

A - KOHUENLiA Ta AM3arH AOCAIAKEHHS; B - 36ip aaHux; C - aHani3 Ta iHTepnpeTaulin AaHux; D - HanucaHHs cTatTi; E - peparyBaHHa cTaTTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

Meta po60TH - BMBYNTI BMNNB CTPYKTYPHIX, CNEKTPAnbHIX | KBAHTOBO-XIMIYHIX NapaMeTpiB CUHTE30BaHNX HaHocucTem TiO,,
TiO,/Ag (4 mac. %) ta TiO,/Ag (8 mac. %) Ha 6iororiuHy akTUBHICTb.

Martepianun i metopu. [locnigxeHo CTPYKTYpHO-MOPEONOriyHi, CnekTpanbHi, TOKCUKOMOriYHI Ta LUMTOTOKCUYHI BNAcTUBOCTI
HaHomarepianis TiO, i3 BMicToM cpibna B Aianasoi Big 0 Mac. % 4o 8 mac. % ans Hanpamy Giobeaneku nioauHK. KomnosuTu
TiO,/Ag cxapaKkTepun3oBaHi AMdpaKLieto PEHTIEHIBCbKIX NPOMEHIB, MPOCBITIIOBAILHOI EMIEKTPOHHOI0 MIKPOCKOMiED, pama-
HIBCbKOIO CMEKTPOCKONIEI0 Ta pesynsTaTamMy KBaHTOBO-XIMIYHIX PO3pPaxyHKIB BUCOKOTO PiBHSI.

PesynsTati. PamaHiBCbKOKO CMEKTPOCKONIEH BCTAHOBNEHO OMTAYHY aKTUBHICTL komnoanTy TiO,/Ag, Wo MiaTBEPAKYETHCA
3CYBOM 4acToTV Moaun Eg1 Big 143 cm” go 150 cm™ Ta niBLWMPKHKM B iHTepBani Big 12 cM™ fo 19 M BHaCMiZoK 3MEHLIEHHS!
poamipy kpuctaniTis TiO,. 3cys Moam y HaHo-TiO,/Ag BinbuBae nesHy AedpopmaLlito KpUcTaniyHoi rpaTki aiokeuay TTaHy
aHaTasHoi MoaydikaLlii npy nerysaxHi cpibnom. Lie npnsBoanTb 40 30inbLUeHHS MOXNMBOCTI NPOAYKYBaTW akTUBHI (hopMu
KMCHIO Ha noBepxHi HaHo4acTuHKK TiO,/Ag i [0 nigBuLLEHHs 6ionoriyHoi akTMBHOCTI (4 Mac. % Ag; 8 mMac. % Ag) nopiBHAHO
3 HeponosaHuM TiO,, 3aGeanedytoqn 3BirbLUIEHHS IXHBOT TOKCUYHOCTI, WO NIATBEPMKYETLCA 3HaqeHHamn LD, CC, siano-
BiiHO. 3a pesysibTatami KBaHTOBO-XIMIUHIX PO3paxyHKIB, npy ancopbuii Anmepy Ag, Ha NoBEpPXHi aHaTasy B afcopBuinHomy
komnnekci Ti, ,O,,H,,Ag, 3apisii jBa aTOM1 Ag 3 yTBOPEHHSIM YOTUPLOX 38'A3KIB Ag—O, LOBXKMHA AKIX i3 ABOKOOPAVNHOBAHAMM
atomamu OkcureHy nosepxHi TiO, cTaHoBUTL 2,44 A, a nosxuHa 383Ky Ag—Ag 3pocTae 40 2,75 A NOpiBHSHO 3 PIBHOBAXHOK
BifiCTaHHIO B ABOATOMHIl Moniekyni Ag, (2,53 A). Le Bkasye Ha konuBanbHo-36ymKeHNI CTaH IBOATOMHOTO dparMeHTa Ag,B
aacopbuinHomy komnnexci Ti, O, H,,Ag,. TpeGa Haronocut Ha 3MeHLIEHHI noTeHwjany ioHisaLlii ancopGLiiiHOro Komnekcy
37,35 eB o 5,72 eB. Pesynsratom Takux 3miH € nigBuLLIEHa peakuiiHa 30aTHICTb aToMiB APreHTyMy MOPIBHSHO 3 IXHBOKO
PeakUinHo 3AaTHICTIO B ABOATOMHIN Monekyni Ag,. 3aBasaku TOMY, IO came atomu cpibna, aacopboBaHi Ha MoBEpXHi
HaHOYaCTWUHOK aHaTasdy, BUKOHYIOTb (OYHKLIT NacTOK enekTpoHiB, 3pocTae eheKTUBHICTb PO3AiNeHHs (POTOreHepoBaHNX nap
€reKTPOH-Aipka (EKCUTOHIB) 3 Mikd)a3HNM NePeHOCOM ENEKTPOHIB, L0 NiABMLLYE doToKaTaniTMyHi Ta BioumnaHi BNacT1BOCTi
[10N0BaHOro Cpibrnom aHaTaay.

BucHoBku. Mix ¢hi3nKo-xiMiYHUMM NapameTpamMy HAHOYACTUHOK i iXHbOK BiONOriYHOK aKTMBHICTIO € NeBHa 06'eKTVBHA
3aneXHICTb, Ky MOXHa CxapaKTepuayBaTV He NuLLe SKiCHO, are W KifbKicHO. Tak, NoKasaHO BMMB Ha TOKCUYHICTb HAHOYACTUHOK
IXHBOrO PO3MIpY, MMTOMOI MOBEPXHi, HASIBHOCTI TAPOKCUITBHUX PYN HA NOBEPXHI HAHOYACTUHKM, PO3MIPY KPUCTANITIB, BEMUYMHM
MiKaTOMHWX 3B's13KiB, NoTeHLiany ioHisauii. Lii faHi MatoTb BaxnvBe HayKoBe 3Ha4eHHS He TiNbKW AN FirieHIYHOro HOpMYyBaHHS,
ane 1 B acnekTi CMHTe3y Hadani 6e3neyHilmx HaHomaTepianis.

Spectral, experimental-toxicological and quantum-chemical studies of predictors
of biological activity of titanium-containing nanoparticles doped with silver

0. P. Yavorovskyi, A. V. Ragulya, V. M. Riabovol, A. I. Kurchenko, N. I. Tyshchenko, M. M. Zahornyi,
0. V. Filonenko, V. V. Lobanov, S. D. Zahorodhnia, L. O. Artiukh

The aim: to study the influence of structural, spectral and quantum-chemical parameters of the synthesized TiO,, TiO,/Ag
(4 wt. %) and TiO,/Ag (8 wt. %) nanosystems on biological activity.

Materials and methods. The structural-morphological, spectral, toxicological and cytotoxic properties of TiO, nanomaterials
with silver content in the range from 0 wt % to 8 wt. % for the direction of human biosafety were investigated. The TiO,/Ag
composites were characterized by X-ray diffraction, transmission electron microscopy, Raman spectroscopy, and the results
of high-level quantum chemical calculations.

Results. The optical activity of the TiO,/Ag composite was determined by Raman spectroscopy, which is confirmed by the shift
inthe Eg, mode frequency from 143 cm™ to 157 cm™ and the FWHM in the range from 12 cm™ to 19 cm™ due to the decrease in
the size of the TiO, crystallites. The mode shift in nano-TiO,/Ag reflects a certain deformation of the anatase-modified titanium
dioxide crystal lattice upon doping with silver. This leads to an increase in the ability to produce reactive oxygen species on
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the surface of the TiO,/Ag nanoparticle and to an increase in biological activity (4 wt. % Ag; 8 wt. % Ag) compared to undoped
TiO,, providing an increase in their toxicity, which is confirmed by the values LD, CC, parameters, respectively. According to
the results of quantum chemical calculations, it was established that during the adsorption of the Ag, dimer on the surface of
anatase in the Ti, ,O,,H,,Ag, adsorption complex, two Ag atoms are involved with the formation of four Ag-O bonds, the length
of which with the two-coordinated oxygen atoms of the TiO, surface is 2.44 A, and the Ag-Ag bond length increases to 2.75 A,
compared to the equilibrium distance in the diatomic Ag, molecule (2.53 A). This indicates the vibrationally excited state of
the Ag, diatomic fragment in the Ti, ,O,,H,,Ag, adsorption complex. It should also be noted that the ionization potential of the
adsorption complex decreased from 7.35 eV to 5.72 eV. The result of such changes is the increased reactivity of argentum
atoms compared to their reactivity in the diatomic Ag, molecule. Due to the fact that silver atoms adsorbed on the surface of
anatase nanoparticles act as electron traps, the efficiency of separation of photogenerated electron-hole pairs (excitons) with

interphase electron transfer increases, which increases the photocatalytic and biocidal properties of silver-doped anatase.

Conclusions. There is a certain objective relationship between the physicochemical parameters of nanoparticles and their
biological activity, which can be characterized not only qualitatively, but also quantitatively. Thus, in the materials of our re-
search, the influence of their size, specific surface area, the presence of hydroxyl groups on the surface of the nanoparticle,
the size of crystallites, the size of interatomic bonds, and the ionization potential on the toxicity of nanoparticles has been
demonstrated. These data are of great scientific importance not only in terms of their hygienic regulation, but also in terms of

further synthesis of safer nanomaterials.

Y cyyacHux choTokaTtanisatopax Ans OYWLLEHHS BOAMU Ta
MOBITPSA Bif, WKIASIMBUX OPraHivyH1X peyvoBuWH, GakTepin i
BipyciB, GiouuaHux nakodapboBMX MOKPUTTAX Pi3HOTO
MPU3HAYEHHS LUIMPOKO BUKOPWUCTOBYHOTb HAHOPO3MIpHI
MOPOLLKM MPOCTUX CMOMYK i HAHOKOMMO3UTIB Ha iXHiN
OCHOBI. HaHomopoLwku Aiokcuay TUTaHy Ta HaHOKOM-
no3nTK 3i CpibNoM CUHTE3YI0Tb TEPMIYHUM PO3KNaLoM
MeTaTUTaHOBOI KCMOTK 3 fJoAaBaHHAM cpibrna B pisHNX
CMiBBIAHOLLEHHSX A0 TUTaHy [1].

Y nonepegHix SOCNIMKEHHAX 4OBEAEHO, WO HaHo-
KOMMO3UTW [iOKCUAY TWUTaHy, AOMOBaHi HaHocpibrnom,
XapaKTepuaytTbCs BUCOKOK hoToKaTaniTMYHOK aKTuB-
HICTIO Ta € NepcneKTUBHUMI ANS LLIMPOKOrO 3aCTOCYBaH-
HS1, 30KpeMa K 3He3apaxyBarbHUIM KOMMNOHEHT (inbTpIB
AN OYULLEHHS MOBITPS N @HTUMIKPOOHMX NMOBEPXOHb
[1,2,3,4,5,6].

Bigomo, wwo GionoriyHa akTUBHICTb HAHOYACTMHOK
meTaniB Ta iXHiX CMOMyK 3anexuTb Bif CTPYKTYpU, po3-
Mipy Ta hOpMM YaCTUHOK, NUTOMOI NAOLLi NOBEPXHi,
arnomepaluii, nopucTocTi, Moponorii NoOBepxHi Yac-
TUHOK, HasiBHOCTI (PYHKLIOHANbHUX rpyn Ha NOBEpXHi
yacTuHok Towwo [7,8,9,10]. Y 6araTbox HayKoBMX MpaLisix
MOKa3aHO 3aNexHiCTb TOKCUYHOCTI HAHOYACTUHOK Bif
ixHboro poamipy [11,12,13,14,15]. 3i 3MeHLLEeHHsM po3-
Mipy HaHOYaCTWUHOK CiBBIAHOLLEHHS NOLLi NOBEPXHI 4O
00’eMy €KCMOHEHLIINHO 3pocTae, MOCUITIOYM XiMiYHY Ta
GionoriyHy akTuBHICTb [16].

Y pe3ynbrati AOCTMKEHHS, sike 3aicHunM S. Shabbir
et al. [17], BcTaHoBneHo: HaHo-TiO, (15-35 HM) Moxe
HaKonM4yyBaTuCs B nereHsix, cepui, nediHui, cenesiHui,
cepueBoMy M'A3i Ta HMpKax NabopaTopHWUX TBApWH.
Kpim TOro, y MuLLen i LLypiB BOHW NOPYLLIYKOTb FOMEOCTas
rntokosu Ta ninigie. TiO, (aHaTas 4u pyTUnbHa MOAK-
(hikauist) cnpuymHaTE Hacamnepes nobivHi peakLii,
iHOYKYHOUM OKUCHIOBASIbHWUIM CTPEC, SKUA NPU3BOAUTH
[0 MOLUKOMKEHHS KNITWUH, 3ananeHHsl, reHOTOKCUYHOCTI
Ta HECIPUATAMBYKX IMYHHUX peakuin. Popma Ta piBeHb
PYWMHYBaHHS ICTOTHO 3anexarb Big i3UYHMX i XIMIYHKUX
BACTMBOCTEN HAHOHACTUHOK TiO,, L0 BUBHAYAKTb iXHIO
peakuiliHy 3gaTHICTb i 6iogocTynHiCTb. JocnimkeHHs
cBiauarb, Lo HaHo4acTUHKY TiO, 3yMOBIOKTL | PO3PUBY
OHK, i xpoMOCOMHI noLLkokeHHs. EdekTn reHoToKCnY-
HOCTi 3anexarb He TifbKW Big 3MiH NOBEPXHi YaCTUHOK,
po3Mipy Ta LUMsXy BMAVBY, ane 1 Bif TPUBANOCTi BINBY
HaHOYaCTUHOK.
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LLle oavH B13Ha4arneHui chaktop GionoriuHoT akTMBHOCTI
HaHO4aCTUHOK — ixHs hopma. Tak, CdhepyyHi HaHOYACTVHKM
XapaKTEPM3YHOTLCA MEHLLIOK) Gi0NIonYHO aKTUBHICTHO MOpIB-
HSHO 3 HAHOTPYbKaMM, HAHOBOMOKHAMM, MIACTUHYACTUMU
Ta ronyactTuMu HaHovacTuHkamu [14,15,18].

BigomocTi haxoBoi nitepatypm (1 ekcnepymeHTanb-
Hi, 1 TEOPETUYHI) JOCUTb HEOAHO3HAYHI Ta He JalTb
TOYHOI BIAMNOBIAi HA NMUTaHHS LIOAO NPYPOaM 3B'A3KY B
YTBOPEHMX Ha MOBEPXHi HAHOYACTUHOK aHaTa3y Komn-
nekcax (Metanookcua-metan). Ha ue nutaHHs morno
BiINOBICTW NHLLIE KBAaHTOBO-XiMiYHE MOAEMNIOBAHHS Ta
3'ACyBaHHSA MPUYMH NiABULLEHOT (hOTOKATanNITUYHOI ak-
TBHoCTi cuctem TiO,/Ag NOPIBHAHO 3 iHAMBIAYaNbHUMM
HaHOCTPYKTYPHUM aHaTa3oM Ta cpibnom (npeankTopm —
poexuHa 38'asky L (A), noTenuian ionisauii (eB)).

OO6I'pyHTOBYOUM aKTyamnbHICTb NUTaHHS LLOAO 3a-
NEXHOCTi BionoriYHOT aKTUBHOCTI Ta TOKCUYHOCTI HaHO-
YaCTUHOK (LIMTOTOKCUYHICTb, BNAMB HA IMyHHI Ta CTaTeBi
KNiTWHK, BANMB Ha ccaBLiB) Bif iXHiX (i3nko-XiMiYHNX
napameTpiB, LUMPOKO BUBYEHO 3aNEXHOCTI Bif «Kracuy-
HUX» (LLIO HaYacTiLLe BU3HaYatoThes), TOBTO (hisnyHmMX i
XiMiYHMX BNlacTMBOCTEN (po3Mip, hopma, NroLLia MOBEPXHi
Towo). Btim BigomocTi HaykoBoOi niTepaTypu cBigyarthb:
LL0A0 KPMCTaniYHUX HAHOMOPOLLIKIB He 3'SCOBaHWUMM 3anu-
LIAKTBCS NUTaHHS BNAMBY Ha 6ionoriyHy akTUBHICTb «HO-
BVX» — CMEKTPasbHYX | KBAHTOBO-XIMIYHWX XapaKTePUCTUK
HaHOYaCTMHOK, @ came Tpynu CTPYKTYPHUX i (isnyHmX
napamMeTpiB (PO3Mip KpUCTanITIB, NapameTpu KpucTaniy-
HOI I'paTku i ONTUYHI MOAK), KBAHTOBO-XIMIYHUX (LOBXMHA
11 eHepris XiMiYHUX 3B’AI3KiB, MOTEeHLian ioHisaLlii).

MeTta pobotu

BUBYMTW BNNMB CTPYKTYPHUX, CMEKTparbHUX i KBAHTO-
BO-XIMIYHIX NapaMeTpiB CUHTE30BaHNX HaHocucTem TiO,,
TiO,/Ag (4 mac. %) Ta TiO,/Ag (8 mac. %) Ha bionoriuHy
aKTUBHICTb.

Martepianu i meToAU AOCAIDKEHHA

O6’exTn pocrimkeHHs — HaHonopowkw TiO,, TiO,/Ag
(4 mac. %) i TiIO,/Ag (8 mac. %), opepxaHi B IHCTUTYTI
npobnem matepianosHascTea iM. |. M. ®PpaHueBuya
HAH Ykpainu.
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Jocnigunu mopdonorivHi, CTPYKTYPHI, XiMiuHi,
CreKTpasbHi N ONTUYHI XapaKTepUCTUKA HAHOMOPOLLIKIB
MeTodaMmn NPOCBIT/IOBANbHOI ENIeKTPOHHOI MiKpockonii
(MEM), peHTreHiBCbKkOro ba3oBOro Ta CTPYKTYPHOrO
aHaniay (P®A, PCA), kombiHaLliiHOro poacitoBaHHs CBiTna
(KPC) [1,2,3,4,5,19,20,21].

Mopdponorito Ta CTPyKTypy 3paskiB BU3Ha4Yanu
TaKOX 3a [OMOMOrOK eMEeKTPOHHOTO NPOCBiYYBanbHOM
mikpockona JEM-1400 (JEOL, AnoHis) npn iHCTpymMEH-
TansHoMmy 36inbLueHHi Big 2000 go 100 000 Ta Hanpysi
80 kB 3a cTaHOapTHOK METOAMKO poBoTw.

PeHTreHiBCbKMN pa30BUI i CTPYKTYPHWUIA aHani3
30iNCHWNM 3a AOMOMOIOK0 PEHTTEHIBCHKOro AndpakTo-
metpa DRON-3M, obnagHaHOro KOMMm'lOTEPHOK CUC-
TEMOIO CKaHyBaHHS Ta 3anucy AudpakuiiHol KapTUHW
3 BUKOpUCTaHHAM (hOKycyBaHHs Bperra—bpeHTaHo 3
MOHOXPOMaTUYHIM BUMPOMiHIOBaHHAM Cu-K  3a meTo-
aunkoto Holder [22].

JocnimKeHHs ONTUYHUX BMAcTUBOCTEN HaHOMOPO-
wkis TiO, i TiO,/Ag 3a KPC apificHioBanu pamaHisCbkim
cnektpockonom Horiba Jobin-Yvon T64000 (Horiba,
Shanghai, China).

KBaHTOBO-XiMiuHi 0bpaxyHku B3aemopii knactepis
cpibna 3 NoBepxHet aHaTasy BUKOHANM METOAOM Teopil
¢yHkuioHany ryctuim (DFT) 3 06MiHHO-KOpensuiiHUM
¢yHkuioHanom B3LYP i BaneHTHUM 6asncHum Habopom
SBKJC 3 etheKTBHUM OCTOBHMM MOTEHLianioM y paMmkax
nakety nporpamu PC GAMESS (FireFly 8.2.0) [23]. ins
BpaxyBaHHS ANCNEPCINHMX BHECKIB B €HEPTit0 YTBOPEHHS
MDDXMOINEKYNApHUX KOMMMEKCIB 3ajisHa gucnepcinHa
nonpaeka pimme — D3. EdekTuBHi noteHuianu soep
(ECP) BMKOpPUCTaHO 4715t BpaxyBaHHS €NEKTPOHIB OCTOBA
aToMIB Micnst TPETLOro nepiody, LU0 CyTTEBO CKOPOYYE
yac obumcneHb, Make He BNMVBaKYM Ha pesynbraTy,
OCKiNbKM NnepeadavaeThbCs, LU0 eNeKTPOHM 0CTOBA MaKTh
HE3HaYHMI BNNMB Ha aacopbuito.

Mig yac poboTy 3aCTOCOBaHO KNacTepHe HabnvkeH-
Hs1. Mpwn noByaosi Mogeni NoBepxHi aHaTasy BUKopUCTanu
PEHTIEHOCTPYKTYPHI AaHi enemMeHTapHOi KOMipkn 06’eM-
Hoi ha3u aHaTasy (puc. 2a) [24].

ToKcMKONOriYHi BNACTUBOCTI HAHOMOPOLLIKIB (BHYTPILL-
HboouepeBuHHy LD, , MakcumarnsHo nepeHocHy Aosy LD,
MicLieBOnoapasHoBarbHy Aito Ha LKIpY, NoapasHIoBasbHy
[ito Ha crm3oBy 0BOMOHKY Oka) BUB4anum Ha naboparop-
HUX TBapWHax 3a 3arafbHOMPUIAHATAMU MeToAuKaMu
[2,3,5,8,19,20]. BnnuB Ha iMyHHY cucTeMy BMBYanu 3a
MeToAVKaMu, WO HaBedeHi y npausx [2,3,5]. Bnnus Ha
cTateBi KMNITUHW KHYpIB OLiiHIOBaNW 3a METoAuKamM, Ha
AKi OTpUManu aBTopcbke CBIAOUTBO [4].

HKuttespgatHictb knituH BHK-21 (Hupku cupin-
CbKOro XOM’slka) 3a Aii HaHOYaCTMHOK OLiHIBanNX,
BuUKopucToBytoun 6apBHUK MTT (3-(4,5-gumetunTiason
2-in)-2,5-gudpeHinTeTpasonito 6pomig), ockinbku nuwe
XUTTE3AATHI KNITUHW MatloTb YHKUIOHanNbHI dep-
MEHTU MITOXOHApianbHOI AerigporeHasu, Lo 34aTHi
nepepobnatm MTT go dopmasaHy [24,25]. Pesynb-
TaTu aHanisysanu cnekTpooTOMETPUYHO Ha puaepi
Multiskan FC (Thermo Fisher Scientific, CLLUA) npu
OOBXUHI xBUNi 538 HM. ONTUYHI LWiNbHOCTI KOXHOT
NYHKW 3 KNiTUHaMmu, WO BCTAHOBMIM, MOPiBHIOBanu 3
ONTMYHOK LWISTbHICTIO PO34YMHHMKA, SKUA € BnaHKoOM;
3a hopMyno 06paxoByBanu YacTKy XWUTTe3haTHUX
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OpwuriHaAbHiI AOCAIAXKEHHS

KNiTUH (%) 3a Ail pi3HNX KOHLEHTPAaLiN HAHOYaCTUHOK.
BuaHayanu koHLEeHTpaLit0 KOMNO3ULIAHMX HAHOYaCTU-
HOK 3i CPIBOM, LU0 NPUTHIYYE XUTTE3AATHICTb KNITUH Ha
50 % (CC,,) NOPIBHAHO 3 KOHTPONEM KIITUH.

JocnimkeHHs 3giicHnny Ha 6asi kadeapw ririeHw,
6e3neku npaLli Ta npodeciinHoro 300poB’st HavjioHansHoro
mepamnyHoro yHiBepeutety imeni O. O. Boromonbug, Big-
Ainy isuko-ximii i TeXHOMOrii HAHOCTPYKTYPHOI Kepamiku
Ta HaHOKOMNO3WTiB IHCTUTYTY Npobnem MaTtepiano3Has-
cTBa im. |. M. ®paHueBnya, Bipainy kBaHTOBOI XiMii Ta
XIMIYHOT (Pi3nK1 HaHOCUCTEM IHCTUTYTY XiMii NOBEPXHI
im. O. O. Yyika HAH Ykpainu, Bigainy penpogykuii Bipycis
[HcTuTYTY MikpoGionorii i Bipyconorii im. [. K. 3a6onot-
Horo HAH YkpaiHu.

PesyAabTati

®disnko-ximiuHi BAACTUBOCTI HAHOUACTUHOK. Y NonepeaHix
poboTax BUKIaaeHo pesynbTraTyi OLiHIBaHHS Okpemux di-
31KO-XIMiYHIX BTACTUBOCTEN HaHo4acTuHOK TiO, i HaHo-
komnosuTi TiO,/Ag (4 mac. % Ag), TiO,/Ag (8 Mac. % Ag),
a Takox 3pobneHo cnpoby NoB’s3aTH Lii BNacTUBOCTI 3 pa-
HiLle gocnimkeHoo 6ionoriyHo akTUBHICTIO BMiacHe Ha-
HOYaCTUHOK [2,3,4,5,19,20]. Tak, BUB4EHO pO3Mmip, hopmy,
6ynoBY, XiMiYHWIA CKNag, NUTOMY MOBEPXHIO, KpUCTaniYHy
(hasy ¥ iHWi ¢i3MKO-XiMiYHI BMACTUBOCTI HAHOYACTUHOK.
BcraHosneHo poamip HaHonopotuky TiO,, 1o cTaHOBMB
20-30 Hwm; Ans HaHonopolwkis TiO,/Ag poamip YaCTUHOK
TiO, craHoBMB 13-20 HM, Ag — 35-40 HM. BusHadeHo
NUTOMY MOBEPXHIO AnA HaHo-TiO, — 50,84 M?/T, Ans Ha-
HO-TiO,/Ag (4 mac. % Ag) — 50,11 m?r, ana Haro-TiO,/Ag
(8 mac. % Ag) — 30,65 mr [2].

Y pesynerari 3aCToCyBaHHS NPOCBITMOBANbHOI eNnek-
TPOHHOI Mikpockonii (puc. 1 a, 6, 8) BCTaHOBNEHO: hopma
TiO,/Ag (8 mac. % Ag) MeTanooKCUHUX HaHOYACTUHOK
TiO, cyTTeBO 3MiHIOETLEA (puUC. 1 8) — HabyBae OBasbHOI
dhopmu 3 wapom cpibna Ha NoBEPXHi MOPIBHSAHO 3 BUXiA-
HUM HaHO-TIO, (cchepuyHi Kynbku). Ha MEM-306paxeHHi
(puc. 1 6) noeepxHi 3paska HaHokomnosuty TiO,/Ag
(4 mac. % Ag) B13HaUMIM KyNbKOMOAIGHI YacTuHKY cpibna
(obBeneHi YepBOHUM AiNSHKM), NOKani3oBaHi Ha MOBEPXHI
HaHouacTuHk TiO,,.

3pasku, Lo JoCHiaNIN, Manm KpUcTaniyHy CTpyKTypy
TNy aHaTasy, Wwo ninTeepmkeHo POA. Y HaHOKOMNO3WTi
TiO,/Ag (8 mac. % Ag) BusiereHo cpibro B KpucTariy-
HIN CTPYKTYpi (BCEpeduMHi KpucTana), a He Tiflbku Ha
MoBepxHi, AK y HaHokomnosuTi TiO,/Ag (4 mac. % Ag)
[1,3,4,5,18,19,20].

3a metoaukoro POA, sky BUKOPUCTOBYIOTL AN BU-
3Ha4eHHs1 (ha3oBOro CKnagy KpucTamniyHuX Martepianis,
[OCNIIXEeHO KpUCTaniyHy rpaTtky HaHokomnosuTis [1].
£k BiQOMO, neryBaHHs ioHaMu MeTany B ONTUMarbHIN
KOHLeHTpauii npurHivye pict HaHokpucTanitie [1]. Y
pany HaHomatepianis TiO,, TiO,/Ag (4 mac. % Ag) i
TiO,/Ag (8 mac. % Ag) BU3HaUMITN 3aMEXHICTb CTPYKTYp-
HUX NapameTpiB — TEHAEHLiI0 0O 3MEHLLEHHS PO3Mipy
kpuctanis Big 12 Hm 8o 8 Hm (KPC). 3a cTpyKTypHUMM Na-
pameTpamu rpatkin HaHokomnoauTy TiO,/Ag NOpIBHAHO 3
HaHo-TiO, BU3HauMn iecpopmaLlito KpUcTarnivHoi rpatki
aHaragy. Y HaHo-TiO,-Ag (8 % mac. Ag) BusiBneHo dasy
cpibna y KpucTanivHii rpatui aHaTasy, Lo AoAaTKOBO il
aedopmye [1].
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Puc. 1. MEM spaskis HaHonopoLwki. a: TiO,; 6: TiO,/Ag (4 mac. %); B: TiO,/Ag (8 mac. %).
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CnekTp koMGiHALINHOrO PO3CitoBaHHS aHaTasy, 3rigHo
3 Teopieto rpyn, siK BiJOMO, XapaKTepU3yeTbCs WicTbMa
yHOaMEHTanbHUMN aKTVBHUMU MOAAMW KONMUBaHb
cumeTpii 3Eg +2B, + A1g, Lo BUMiptotoTh Npu 143 cv!
(E,), 198 cm’ (E ), 395em™ (B, ), 512 cm™ (B, ), 518 cm!
(A, g) i 639 cm! (Eg). KonveanbHi mogn Eg BiANOBiZaOTb
CUMETPUYHUM BaNeHTHUM KonueaHHAM atomis Ti-O
3B'A3KiB, @ B, i A, — CUMETPUYHIM | aHTUCAMETPUYHUM
AedopMaLlifiHM KOMMBaHHAM BaneHTHUX KyTiB O-Ti-O
BignoBigHo [24,25,26,27].

B aHarasi koXxHa moga BiANOBIAAE KOHKPETHUM
KONMBArbHYM pyxam aTtoMiB KpUCTaniyHoI rpaTku. Egm,
Eg(z), Eg(s) — Pi3Hi 4acTOTV ABOBUMIPHMX MOZ KOMNWBaHb,
LU0 MatoTb Of{HAKOBY CUMETPItO (Eg), arne pisHi TMNU pyxy
aTtomis, e E — oBoBuMipHe ippeanbHe NpeacTaBneHHs,
sIKe 03Ha4a€e HasiBHICTb ABOX HE3ANEXHNX KOMMOHEHTIB
KONmMBaHb; IHAEKC g BKasye Ha Te, L0 MoJa napHa Lwoao
iHBepcii (LueHTpanbHa cumeTtpis); (1), (2) abo (3) — Homep
MOaU, KU BUKOPUCTOBYIOTb A1 PO3PI3HEHHS ABOBUMIp-
HUX MO OAHAKOBOI CUMETPIi.

®opMu cMyr criekTpa BUXIQHOrO Ta MOAMIKOBAHOTO
MopoLLKy noAi6Hi. Y cnexTpi KPC HaHonopotwuky TiO, BuaHa-
YatoTb CMYTU, LLIO BiAMOBIAA0Tb PO3CiKOBaHHIO Ha (POHOHAX
CTPYKTYpHOT chasn aHatasy TiO,: E  (~142 cv'), E 2
(~196cm™), (~513cm™) (A By )TaE , (~636 cm™)[21,28].

MoaudikysaHHs TiO, aTomamu cpibna npussoanTsL
[0 3MEHLLEHHS! IHTEHCWMBHOCTI BCIX KOMWBANbHUX CMYT.
Mpn LbOMY HaWiHTEHCMBHIWA cMyra Egm 3MiLLyeTbCS
y BUCOKOYACTOTHUMIA Gik 3 143,0 cm™ go 149,6 cm', a ii
wmpuHa Ha nis Bucoti (FWHM) 36inbLuyetses 3 11 cv
o 19 cm”. ecbopmalisi peLlitkn, AedekT Ta posmip
KpucTanitie (mabs. 1) MatoTb CUSbHUIA BMIIMB Ha 3CYB,
PO3LUMPEHHS NiKiB Ta IHTEHCVBHICTb PaMaHiBCbKUX NikiB
[21,25,27,29].

Y HaHo-TiO,/Ag (4 mac. %) wopno Haro-TiO, Binby-
BaETbCS BYICOKOYACTOTHIA 3CYB i 3BiNbLUEHHS NIBLUIMPUHM
mon Egm) 3143,0cm' no 147,7 cm™ i Eg(z)s 194.4 cm™ o
199,2cm’, aE , cmyra3637,0 cm' g0 633,1 cm iA, 3
514 cv' 0o 508 cm' MatoTb HU3bKOYACTOTHWIA 3CYB i 3Ha-
YHe 30inbLUeHHs niBwMpnHK B cnektpax KPC (mabn. 1).

PosTallyBaHHs CMyr BUNPOMIHEHHS, & TaKoX 3MiHU
IXHbOrO MOMOXEHHS Ta IHTEHCUBHOCTI 3anexatb Bif
poamipy TiO, HaHOKpUCTaniB i KOHLEHTpaLii neryryoi
ZOMILLKM, LLIO BU3HAYAKTb TUM i LWiNbHICTb JOHOPHMX Ta
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aKLENTOPHUX LIEHTPIB Ha MOBEPXHI OKCWAY, 8 OTXe Crek-
Tpu dotontomiHecueHuii [21]. Lle moxnueo i BHacnigok
3miweHHs atomi Ti Ta O Yepes 3aMilLieHHs 3Ha4HO Binb-
LUIMM aTOMOM Ag, i LLINSIXOM 3MiHM iXHbOTO iOHHOTO CTaHy,
LLIO BUSIBINSIETLCS B MKATOMHIX 3B’AA3KaX Y TiOG-OKTae,El,pi.

OTXe, KMCHEBI BakaHCii yTBOPIOKTLCS | B 00'eMi
HaHOKpWCTaniB, i Ha TXHin NOBEpPXHi; MOXnMBe HopMy-
BaHHS KiNbKOX N10KanisaoBaHUX eNeKTPOHHUX CTaHIB Ans
aHarasy. 3ayBaxvMO TaKoX, L0 B MPOLECi POTOXIMIYHUX
nepeTBOPEHb BiOYBAETLCS YTBOPEHHS HOBUX JOHOPHMX
i aKLenTOpHMX PiBHIB.

KombiHaLiiHe po3citoBaHHS CBIiTNa y3romxyeTbCst 3
[laHUMW KBaHTOBO-XiMiYHOTO MOZENIOBAHHS; BCTAHOB-
neHo, wo Bxe 3 4 % cpibna BigbyBaeTbCs YacTKoBa
Aecopmauis rpatkv (aue. 3cys mog KPC).

HaBefeHo pesynbraT KBaHTOBO-XiMIYHOTO AOCHi-
IDKEHHS1 B3aEMOAii knacTepiB cpibna 3i CTexioMeTpuyHO0
nosepxHeto (001) aHaTasy, OCKiNbku BOHa XapaKTepuay-
€TbCS ICTOTHO BULLIOKO MOBEPXHEBOK EHEPTIEL MOPIBHS-
HO 3 moBepxHeto aHatady (101) i, BiANOBIAHO, BULLOKO
peakuifiHOW 34aTHICTIO; Lie CMPUYMHEHO TUM, LLO BCi
nosepxHesi atomu Ti Ta O KOOpAMHALINHO HEHacKYeHi.

#AK BiiomOo, B 06’€MHVIX KprCTanax aHatasy € Ba TVnm
3g'askis Ti-O: exsaTopiankHi— kopoTki (1,94 A), akcianbHi
—posri (1,97 A). 38’a3ku Ti—O BU3HAYaAIOTh SIK HAaKNaaaHHs
YOTUPBLOX KOBANEHTHMX i ABOX AATMBHUX 3B’A3KiB. [Ba
[OBIVX JATUBHMX 3B'A3KM € akcianbHumm [30].

lNpocTopoBa 6ynosa knactepa, 06paHoro 3a Moaenb
MOBepxHi aHaTaay, HaBefeHa Ha puc. 2 6, 6. Plowly BiO-
nosigae 6pyTTo-chopmyna (TiO,),.~11H,0 = Ti, .0, H,,.
O6ipsaHi BaneHTHOCTi atomiB OkcureHy Ta TuTaHy Ha
nepudepii knactepa, Lo BUHMKAOTL Mif Yac horo noby-
[0BW, Hacu4yBanmcs rigpokeunbHuMy rpynamm OH- Ta
aTomamu H*. Tomy B Wit mogeni € aBa Tunu atomis Okcu-
reHy, 30Kpema [ABO- Ta TPUKOOPAMHOBAHI (puc. 2 6, 8), i
M'SATUKOOPAMHOBAHI aToMK TUTaHy, WO XapaKTepHi Ans
nosepxHi (001) aHaTasy. 3actocoBaHo npuHLUMN BOyI0-
BaHMX KNaCTepHUX mogenei, TOOTO CamOy3romKeHHs
BWKOHaHO Tinbku Ans atomis Ti Ta O, Lo po3miLLyBanucs
B MOBEPXHEBOMY LLIAPI (pUC. 2), @ OTOYEHHS (pyrui wap
i riApPOKCUIBHI rpynu Ha nepudbepii) Npy camoy3romKeHHi
3anMLwanocb HE3MiHHUM.

EneKTpoHHMIN OCHOBHWIA CTaH YCiX KnacTepis, 4OCHi-
LPKEHVX Y LA poBOTi, CUHIMETHMIA.
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JoBxuHn 38’a3kiB Ti®-0®@ ta Ti®-0® y piBHo-
BaxHomy craHi knactepa (TiO,),,-11H,0 ctaHoBnATL
1,94-1,97 A Ta 1,97-2,01 A BignosigHo, signosigaiotb
eKcrnepuMeHTanbHNM 3Ha4YeHHAM Ans aHaTasy [25].

Mig yac pocnigxeHHs agcopbuii aumepy cpibna
BMBYANM PisHi BapiaHTu: Bick Ag—Ag Knactepa Ag,
po3MilLyBanacb nepreHankynsapHo 4o nosepxHi (001)
aHatasy HaZ m'ATukoopauHoBaHuM atoMom Ti (puc. 3 a);
naparnernbHoO 40 NOBEPXHi NOCepPeaHi M NaHLioXKamu
ABokoopanHoaHux atomis O (puc. 3 6); napanensHo Ao
NOBEPXHi | HaZ NaHLIXXKOM [1BOKOOPAMHOBAHX aToOMIB
O (puc. 38).

Yci BMXigHi CTPYKTYpu B pesynbTaTi onTumisauii
np13BOAsATL [0 PIBHOBaXHOTO CTaHy agcopbuiiiHoro
KOMIIeKCy, B IKOMY Ba aToMW Ag yTBOPIOKOTb 4 3B'A3KN
AgO, OoBxuHa SKUX CTaHOBUTL 2,44 A 3 gBokoopau-
HoBaHumu atomamun O nosepxHi TiO, (puc. 3 &, 9, e).
Ha atomax OkcureHy y BuxigHomy knactepi Ti, O, H,,
3apsigu ctaHosunu -0,63 at. oa. EHepris 38’A3yBaHHS
knactepom Bignosigae -2.43 eB. [JoxunHa 38’a3ky Ag—
Ag B aacopbuiitHomy komnnexci Ti, O, H, Ag, cTaHoBUTL
2,75 A; ue 3HauHo BuLLE, HiX y ABOATOMHIN MOneKyni
Ag, (2,53 A).

Lle Bkasye Ha konuBanbHO-30yaKEHUIA CTaH [BO-
aTOMHOro (parmeHTa B aAcopbuinHOMy KOMMMEKC
Ti,;0,,H,,Ag, i CBIAUNTL NpO NiABULLEHY peakuiiHy
30aTHICTb aToMIB cpibna NopiBHSAHO 3 IXHBLOK peakLin-
HOIO 3AaTHICTIO B ABOATOMHIN MOnekyrii Ag,, Cnpusoym
e(heKTMBHIM eNneKTPOHHUM reTeponepexofam aHatas-Ag.

Kpim TOro, Ha nigBULLEHHSI peakuiiHOT 34aTHOCTI
aTomiB Ag B acop60BaHOMY CTaHi BKa3ye 3HVKEHHS MO-
TeHujany ioHisaui ans komnnekey Ti, O, H,,Ag, (5,72 eB)
NOPIBHSHO 3 BiAMOBIAHWM 3HAYEHHSIM ANt AUMEpPY Cpi-
6na (7,67 eB). Cnig BpaxyBaTy, WO HaiBuMLLIA 3aiHsTa
MorekynsipHa opbitanb agcopbuiiHoro koMnnekcy
Ti,,0,,H,,Ag, nokanisosaHa Tiflbku Ha LBOATOMHOMY
dhparmeHTi cpibna.

Y3aranbHeHi pesynbrati JOCHIAXEHUX «HOBUX»
CTPYKTYPHO-KPUCTAMiYHUX, CNEKTPANbHUX i KBAHTO-
BO-XiMi4HIUX napameTpis HaHoyactuHok TiO,, TiO,/Ag
(4 mac. % Ag) i TiO,/Ag (8 mac. % Ag) HaBefeHo B
mabnuui 1.
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OpwuriHaAbHiI AOCAIAXKEHHS

Tokcukonoro-riricHiuHe OLiHIOBAHHA HAHONOPOLLKIB.
Y3aranbHeHi AaHi, WO XapaKkTepusyloTb BNAMB paHille
BCTAHOBEHNX «KMaCUYHMX» Di3UKO-XIMIYHMX napame-
TPpiB OCAIIKEHNX HAHOMOPOLLKIB Ha TXHK TOKCUYHICTb,
HaBeqaeHi B mabnuuj 2.

3a gaHumK, WO HaBeaeHi B mabnuui 2, y psagy Ha-
Honopowwkis Big TiO, ao TiO,/Ag BU3HaUMIN TeHAEHLO
[0 3MEHLLEHHs abCOmMOTHOT BENUYNHU LD,,. Lie cBipumto
NpO NOCUNEHHs TOKCUYHOCTI HaHonopolwky TiO, y pasi
[lonyBaHHs cpibnom. lNeBHO Mipoko 3i 36inbLIEHHAM
BMICTy cpibna B HaHouacTuHKax TiO, nocuniosascs
noapasHioBanbHUiA edekT Ha LWkipy, 36inbLyBanach
CeHcubiniayBarnbHa akTUBHICTb.

Mig yac oujiHOBaHHA BNNWBY HAHOMaTepianis Ha cTa-
TeBi KNiTUHW KHypiB anpoboeaHo ao3u 1,0 LD, Ha 1 mn
cnepmu ans TiO, — 47 mkr/mn; ana TiO,/Ag (4 mac. % Ag)
=7 mkr/mn; TiO,/Ag (8 mac. % Ag) — 10 mkr/mn. BcTaHoBu-
TV 3aNEXHICTb 3pOCTaHHS YLIKOZKYBaIbHOI Aji Ha CTaTeBi
KNiTUHV KHYpiB in vitro B paay HaHonopolwkis TiO,, TiO,/Ag
(4 mac. % Ag) i TiO,/Ag (8 mac. % Ag) 3a iHTerparbH1M
MOKa3HUKOM BWXMBAHOCTI CNEpMIiB (3MEHLUEHHS BU-
XuBaHocTi Big 1,7 4o 2,3 pa3sa BignoBigHO), a Takox 3a
NPUrHIYEHHAM AWXanbHOI aKTUBHOCTI Ta MOPYLUEHHSM
AKTMBHOCTI MITOXOHAPIaNbHWUX (hEPMEHTIB.

Bnnue HaHOYACTWMHOK Ha iMyHHY CUCTEMY BMBYau
Ha MOHOHYKNeapHWUX KNiTMHax nepugepuyHoi KpoBi
300POBUX [OHOPIB in vitro. MoHoHykneapw iHKyOyBanm
npu ctumynauii HaHo-TiO,, HaHo-Ag, HaHo-TiO,/Ag
(4 mac. % Ag) y koHueHTpauii no 30 mkr/mn Ta 6e3 cTu-
MyntoBanbHoro areHTa. B pagy HaHonopowwkis TiO,, Ag i
TiO,/Ag (4 mac. % Ag) BU3Ha4EHO 3aIEXHICTb 3POCTaHHS!
yHKUiOHaNbHOT aKTUBHOCTI MOHOHYKNEeapHUX KMiTUH
KpOBi 3@ MPOAYKLIE LIMTOKIHIB: iHTepnelkiHy-1 (IL-1),
iHTepnenkiHy-4 (IL-4), iHTepnenkiHy-6 (IL-6), daktopa
Hekposy nyxnuHu anbda (TNF-a) Big 1,7-2,6 pasa oo
2,7-5,4 pa3a BignoBigHo.

AK BinoOMO, AOCNIMKEHHS LMTOTOKCUYHOI i pe4oBUH
nepenbayae BU3HAYEHHs! KOHLEHTpaLlii pe4OBMHM, sika Ha
50 % 3meHLuye xuTTE3AATHICTL nonynauii kit (CC, ).
BcraHoeneHo, wo CC, HaHo-TiO,, TiO,/Ag (4 mac. % Ag)
i TIO,/Ag (8 mac. % Ag) ans knitud BHK-21 (Hupka
CUPINCBHKOro XoM'sika) cTaHoBuna 81 Mkr/mn, 62 mkr/mn
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Puc. 2. EnemeHTapHa
KOMipka aHartasy (a)

1 ONTUMi30BaHa CTPYKTY-
pa (TiO,),,-11H,0 knac-
Tepa (6, B).

215



Original research

Puc. 3. BuxigHi (a, 6, B) Ta piHoBaxHi (r, A, €) CTPYKTYpy apcopbuiiHux komnnexcis knactepy (TiO,),,-11H,0 Ta anvepy Ag,.

216

i 27 mkr/mn BignosigHo. Lle cBigunTb Npo 3poCTaHHs
LIMTOTOKCUYHOCTI B LIbOMY psifli HaHo4acTuHoK. OTxe,
LIMTOTOKCUYHICTb HaHOZIOKCUAY TUTaHy, MakcuMarbHO
[I0MOBaHOro CPibroM, BULLA, HiX 3BUYAIHOTO.
[NopiBHIOYM AaHi BUBYEHUX KHOBMX» (Pi3NKO-XiMiY-
HUX XapaKTEPUCTVK 3 paHille BCTaHOBMEHUMU napame-
Tpamm GionorivyHoi akTMBHOCTI (Mabn. 1, 2), npunyckaemo,
O 3MiHW PO3MIipy KpUCTaniTiB HAHOYaCTUHOK Y psay
TiO, — TiO,/Ag (4 mac. % Ag) — TiO,/Ag (8 mac. % Ag)
BMMMBanM Ha iXHto 6ionoriyHy aKTUBHICTb: 3i SMEHLLEHHSIM
po3Mipy KpucTaniB 3MeHLLYETLCS abCONKTHA BENUYMHA

LD, TOBTO IXHS1 TOKCUYHICTb 3pOCTaE.
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30inbLueHHs JoBXMHN 3B'A3KYy Ti—O i 3MeHLUEHHs
noTeHuiany ioHisauii 8 HaHo-TiO,/Ag woao HaHo-TiO,
3YMOBIIOE TXHIO BULLY XiMiYHY @KTMBHICTb i MiABULLYE
6ionoriyHy akTUBHICTb, @ OTXe N TOKCUYHICTb (mabri. 1, 2).

06roBopeHHA

BcraHoBneHi AaHi LWOAo 3MEHLLEHHS po3Mipy KpucTaniTis
y pagy HaHo4actuHok TiO, — TiO,/Ag (4 mac. % Ag) —
TiO,/Ag (8 mac. % Ag) i 12 HM [10 8 HM i BU3HaYEeHE
3pOCTaHHs1 IXHbOI TOKCUYHOCTI B LIbOMY psiZly 36iraloTbes 3
pesyneratamu gocnimxkeHb W. H. De Jong et al., a Takox
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Tabauusa 1. CTpyKTYpHi, (i3nYHI Ta KBAHTOBO-XIMiYHI NapaMEeTPU HAHO4YACTUHOK TUTAHOBMICHWX CMOJTYK i3 HAHOCPIGNom

BcTaHoBneHe 3Ha4eHHsA

OpwuriHaAbHiI AOCAIAXKEHHS

Mapametp MeTtogun OpuHuLi
BU3HAYeHHSA BUMIipIOBaHHSA

Po3mip HaHo4acTMHOK NEM HM
MnoLa nuTomoi NoBepxHi BET m2/r
CTpYKTYpHi: po3mip kpuctanitie (D) KPC HM

a (Tio,) P®A HM

¢ (Tio,)

a(Ag)
®Di3nyHi: onTUYHI Moau: KPC cm!

Eqn

Eqo)

Eg
KBaHTOBO-XiMiuHi: DFT
LOBXMHA 3B'A3KiB (L) A
noTeHuian ioHisauii Ag eB

HaHo-TiO,/Ag (4 mac. % Ag) | HaHo-TiO,/Ag (8 mac. % Ag)

20-30 13-20, 35-40 13-20, 35-40

50,84 50,11 30,65

12 10 8

0,3785 0,3780 0,3787

0,9522 0,9554 0,9519

Ag He BNSIBNEHNI Ag He BUSBNEHMI 0,4086 (dbasa cpibna)

143,0 147,7 149,6

194,4 199,2 200,3

637,0 633,1 628,1

TI!SOMHZZ T|15041H22A92

Ti-O 1,94-1,97 Ti-0O 1,97-2,01; He AocnigpxyBanm
Ag-0 2,44; Ag-Ag 2,75*

- 5,72* He gocnigxysanu

#: oBXVHa 3B'A3KY AN ABOATOMHOI Monekynu Ag, CTaHOBUTb 2,53 A;

*1 noTeHuian ioxisauii Ans ABoaTomMHOI Monekynu Ag, ctaHoBuTb 7,67 €B; MEM: npocsiTniosarsHa

enekTpoHHa mikpockonisi; BET: meton bpyHayepa—Emmera—Tennepa; KPC: kombiHaLiliiHe poacitoBaHHs cBiTna; P®A: peHTreHiBcbkuid hazoBuin aHanis; DFT: meTop Teopil

dyHKLiOHana rycTuHu.

Tabanus 2. MopiBHANbHE TOKCIKOMOTO-TiriEHIMHe OLiHIoBaHHs HaHonopowwkis TiO,, TiO,/Ag (4 mac. % Ag) i TiO,/Ag (8 mac. % Ag)

Moka3Huk, oguHNLi BI/IMIpIOBaHHSl

MakcumarnsHo nepeHocHa aosa LD, Mr/Kr
BHyTpilHb004epesnHHa LD, mr/kr
MicueBonogpasHioBanbHa st Ha LWKipy
MoppasHioBanbHa Aist Ha CrM3oBy 0BOMOHKY OKka
Knac Hebe3neyHoCTi XiMiYHUX PEYOBMH

BnnuB Ha cTaTeBi KNiTuHW KHYPIB in Vitro 3a NOKa3HNKOM BUXUBAHHS, rof

(koHTponb — 86,00 + 4,39)

Bnnue Ha dyHKUiOHaNbHY akTUBHICTb MOHOHYKIEapHUX KNiTUH KPOBi OHOPIB B
ymoBaXx in vitro 3a npoaykuieto LuTokiny IL-1, nkr/mn (koHTponb — 33,65 + 12,83)

Bnnus Ha thyHKLOHaNbHY aKTUBHICTb MOHOHYKMEaPHMX KITITUH KPOBi AOHOPIB B
ymMoBaXx in vitro 3a npoayKuieto LmTokiHy IL-4, nkr/mn (koHTponb — 95 % Bl 16,1 18,7)

CC,, ana knitud BHK-21 (HMpKa cupiiicbKoro XoM'aka), MKr/mn

HaHo-TiO,/Ag
(8 mac. % Ag)

HaHo-TiO,/Ag
(4 mac. % Ag)
4000
4783,30 724,44 -

He unnnTe, 0 6anis
CnabosupaxeHa, 2 6anu
IV (MmanoHe6e3neyHi)

He unhnTb, 0 Ganis
CnabosupaxeHa, 2 6anu
Il (nomipHo Hebe3neuyHi)

50,00 + 5,23* 40,00 + 9,24*
(3meHLweHHs B 1,7 pa3a) (3MeHLLeHHs B 2,2 pasa)
60,38 + 9,04* 91,75 + 11,49%

(36inbLueHHs B 1,8 pasa)
29,4 (95 % Bl 22,4 29,7)
(36inbLueHHs B 1,7 pasa)
81

(36inblueHHs B 2,7 pa3a)

60,8 (95 % BI 52,8 77,6)¢

(36inbLueHHs B 3,5 pasa)
62

CnabosupaxeHa, 1 6an
CnabosupaxeHa, 2 6anu
Il (nomipHO Hebe3neuHi)
38,00 + 8,21*
(3meHLeHHs B 2,3 pa3a)
He JocnigpxyBanm

He Jocnigkyeanm

27

#:p <0,01; *: p<0,001 — cTaTUCTMYHO BipOriAHa PI3HULIA MPOTM KOHTPOITIO; —: NapameTp He BU3HaYanu Ans Liei peqoBUHN.

iHLUMX @BTOPIB LLOAO BNMMBY PO3MIpY HAHOYACTUHOK Ha
IXHIO TOKCMYHicTb [11,12,13,14,15].

MokasaHo BNIMB MOAWMIKYBaHHAM Cpibriom Ha-
HodacTuHOK TiO, Ha ixHi CrieKTpanbHi XapaKTepucTUKiA
(napameTpu KpucTaniyHoi rpaTku N ONTUYHI Moaw). Y
HaHokomnoauTie TiO,/Ag nopiBHAHO 3 HaHo-TiO, BCTa-
HOBIEHO 3MEHLUEHHS! iIHTEHCUBHOCTI BCiX KONMMBANbHWX
CMYT paMaHiBCbKOro po3citoBaHHs. [ledhopmaLlis peLuitku,
fAedekTn Ta po3mip KpUCTaniTiB iCTOTHO BMNMBAIOTL Ha
3CYB, PO3LUMPEHHS MiKiB Ta IHTEHCUBHICTb pamMaHiBCbKUX
nikis [21,25,27,29]. Lle 3aymoBntoe BuLLy GionoriyHy ak-
TUBHICTb 11151 HaHOKomnoauTiB TiO,/Ag.

Y pesynbrati goCnigXeHHs Bneplle nokasaHo
3pocTaHHs 6ionorivyHOi akTUBHOCTI B psifli HAHOYACTUHOK
TiO, — TiO,/Ag (4 mac. % Ag) — TiO,/Ag (8 mac. % Ag)
32 TOKCUKOMOTO-FiriEHIYHUMM NMOKa3HUKaMu, BMNMBOM Ha
CTaTeBi, IMyHHI KNITUHM Ta LMTOTOKCUYHICTHO.

Ahamed M. et al. [31] BuBYMNM NpOTMPAKOBUIA MO-
TeHUian HaHouactuHok TiO, (aHatasHa mogudikauis),
nerosaHnx Ag (0,5-5,0 %). Poamip HaHouacTuHok TiO,
3MeHLLyBaBcs 3i 30inbLIEHHIM KOHLIEHTpaLlii fonaHTy Ag
(po3mip — Big 15 HM Ao 9 HMm). BionoriyHi gocnimKEHHS
rnokasanw, wio nerosaHui TiO,/Ag BUKIKAE LIMTOTOKCUY-
HICTb i @NoNTO3 Y KIiTUHAX paky nediHkA nioguHu (HepG2).
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Tokci4Ha IHTEHCUBHICTb HaHoHacTuHoK TiO, 3pocTana
3i 30iNbLUEHHAM KOHLEHTpaLii nerysansHoi foMmilkn Ag
no 5 mac. %. Lli nani Bignosigatotb pesynsratam Hallo-
ro JOCTIXEHHS LLOAO 3pOCTaHHSA LIMTOTOKCUYHOCTI Ta
GionoriYHol aKTUBHOCTI 3aranom HaHovacTuHok TiO, i
30inbLUEHHAM KinbKOCTi AonaHTy Ag.

BriepLue gocnimxeHo 3B'A3k, yTBOPEHi Ha MOBEPXHI Ha-
HouacTuHok TiO, aHatasy (Ti~O) Ta HaHokomnosuTy TiO,/Ag
(Ti-O, Ag-0, Ag-Ag). MokaszaHo 36iMbLIEHHST JOBXKMHM
ag’asky Ti—O y HaHokomnoauTi TiO,/Ag wiono HaHo-TiO,,
BcraHOBNEHO 3MeHLLEHHS NOTeHLiany ioHisavji Ag y Ha-
HO-TiO,/Ag LLI0/10 IBOATOMHOI MOMEKynMAg,. BcTaHoBMeHO
npenuKTopy 6ioNoriYHOT aKTUBHOCTI HA KBAHTOBO-XIMIYHOMY
piBHi: foBXMHY 38'A3ky L (A) i noTeHuian iowisalii (eB) B
HaHOKOMMO3WUTHUX MaTepianax MeTaniB Ta iXHIX Crofyk.

Omxe, pesynbratit AOCIMXEHHS AOMOBHIOKTb Bigo-
MOCTIi LLOAO BNAMBY (i3nKO-XiMIYHUX XapaKTEPUCTUK Ha-
HOYaCTUHOK Ha TXHI0 TOKCUYHICTb | GionorivHy akTUBHICTb
3aranom. BoHu po3wwmpiotoTb i NOrnmbnioTb HayKoBi
YSIBIIEHHS MPO MEXaHi3M YLLKOMKYBarbHOI Aii HaHo4ac-
TUHOK Ha KNiTWHHI peuenTtopu Ta GionorivyHi 06’ekTn,
[aKTb 3MOry 3p03yMiT MEXaHi3M YLIKOMKyBanbHOI Aii
He TiNbK Ha MOMEKYNSPHOMY, ane ¥ Ha aToMapHOMY,
KBAHTOBO-XiMIYHOMY PiBHSIX.

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

217



Original research

BucHoBKU

1. [ocnigkeHo CTPYKTYpHO-MOPEOMOrivHi, crek-
TparnbHi, TOKCUKOMNOTiYHI Ta LMTOTOKCUYHI BNaCTUBOCTI
HaHomatepianie TiO, i3 BMicTOM cpibna B [ianasoHi
0-8 mac. % ans HanpsmMy 6iobeaneku noanHK. Komno-
3utn TiO,/Ag cxapakTepusoBaHi Andpakuieto peHTre-
HIBCbKUX MPOMEHIB, NPOCBITIIIOBAIIBHOIO €MEKTPOHHO
MiKPOCKOMi€t0, paMaHiBCbKO CNEKTPOCKonieto. [NokasaHo
onTuuHy akTueHictb TiO,/Ag i3 3cyBOM MOAM E911 Bif
143 cm” go 150 cm' Ta FWHM Big 12 em go 19 cv!
BHACNIAOK 3MeHLLEHHA KpucTanitis TiO,.

2. BcTaHOBNEHWI cnekTpanbH1M MeToaoM AOCHi-
MXEHHS 3cyB Moam y HaHo-TiO,/Ag Binbusae nesHy
AedopMaLilo KpucTaniyHoi rpaTku QioKeuay TUTaHy
aHartasHoi Moamdikauii LWnsxom nerysaHHs cpibnom. Lie
MO>Ha MOB’A3aTy 3i 30iNbLUEHOK MOXIMBICTIO NPOAYKY-
BaTV aKTUBHi (POPMU KUCHIO Ha NMOBEPXHi HAHOYACTUHKM,
Wo crpudmnHse uwly GionorivHy aktueHictb TiO,/Ag
(4 mac. % Ag), TiO,/Ag (8 mac. % Ag) nopisHsaHo 3 TiO,,
TUM CaMUM MOCMITIOKOYM IXHIO TOKCWUYHICTb i BionoriuHy
aKTUBHICTB, WO NiaTBEpMKeHO napameTpamu LD, i CC,,
BiAMOBIAHO.

3.'Y pe3ynbrati KBaHTOBO-XiMi4HWX 0OpaxyHKiB BCTa-
HOBMEHO: Nig Yac agcop6buii Ag Ha NoBepxHi aHaTa3sy ABa
atomm Ag yTBOpIOKOTb YoTupK 38’3k Ag—0, AOBXMHA
AKX CTaHOBUTL 2,44 A 3 nBOKOOpAMHOBAHMMM aTOMaMM
O nosepxHi TiO,, a foBxuHa 38'3Ky Ag—Ag B aficopbo-
BaHomy komnnekci Ti O, H,,Ag, CTaHOBUTb 2,75 A; ue
3Ha4HO BULLE, HX Y IBOATOMHIA Monekyri Ag, (2,53 A).
Lle Bkasye Ha konvBanbHO-30yMKEHNI CTaH 4BOATOMHOMO
(parmeHTa B afcopbosaHomy komnnekci Ti, O, H,,Ag,
BHACIiAOK 3MEHLLEHHS NoTeHLjiany ioHizauii 3 7,35 eB go
5,72 eB Ta cBiguMTbL NPO NiABULLEHY PeaKLiiHy 3AaTHICTb
aTomiB ApreHTyMy MOPIBHAHO 3 iXHbOK peakLiliHo0
3MaTHICTIO B IBOATOMHII Monekyni Ag,. 3aBaskn cyHK-
Lii nacTok enekTpoHiB came atomu cpibna Ha NoBepXHi
aHaTtasy eheKTVBHO PO3AINsAoTL (hOTOreHepoBaHi napu
€MeKTPOH-Aipka 3 MixkasHUM NepeHOCOoM i MOCUMIOTb
¢hoTokaTasniTMuHi BracTueocTi HaHo4acTuHok TiO,/Ag,
MOCWITIOIYM IXHIO TOKCWYHICTb i BGioNoriYHy akTUBHICTb
3arasnom.

MepcneKTMBM NoAAAbLUMX AOCAIAKEHb. BigomocTi,
AKi OTpUManu LWoao 3B'A3KiB MiX XiMiYHOK OyaoBOK
Ta (i3nKO-XiMIYHUMMN XapaKTepPUCTUKaMKU HaHovacTu-
HOK | HaHoMarTepianis, MOXyTb CTaTV NIArPYHTAM Ans
LinecnpsiMoOBaHOrO CUMHTE3Y HOBWMX HAHOKOMMO3UTHMX
martepianis i3 3a4aHUMM BNacTUBOCTSIMU — HETOKCUYHIX
ab0 MEeHLI TOKCMYHUX, Ge3neyHillnx HaHOYaCTUHOK i
HaHoMmaTepianis i Ana nanHK, 1 06’eKTiB AOBKINNS,
Giocchepn 3emni 3aranom.
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Aim. The purpose of the work is to analyze the biochemical indicators of liver function in relation to indicators of inflammation
in patients with coronavirus disease (COVID-19) with pneumonia, taking into account the development of oxygen dependence.

Material and methods. 123 patients with COVID-19 with pneumonia were examined. The diagnosis was confirmed by isolation
of RNA-SARS-CoV-2 from the nasopharyngeal mucus by polymerase chain reaction. The presence of pneumonia in all patients
was confirmed by X-ray or computer tomography of the chest organs. The patients were divided into groups: | group — 32 pa-
tients with a moderately severe course without oxygen dependence; Il group — 91 patients with a severe course with oxygen
dependence. Exclusion criteria from the research were: the presence of infection with hepatotropic viruses and the presence
of previously diagnosed other chronic liver diseases. Statistical data processing was carried out in the program Statistica for
Windows 13 (StatSoft Inc., No. JPZ8041382130ARCN10-J).

Results. In 45.5 % of patients with COVID-19 with pneumonia at the time of hospitalization by 9.0 [7.0; 12.0] days of the di-
sease, liver damage with the development of cytolytic syndrome was confirmed. The frequency of liver damage in patients with
COVID-19 with pneumonia increased with the appearance of oxygen dependence (25.0 % vs. 52.7 %, p = 0.007). Biochemical
signs of the syndrome of intrahepatic cholestasis were weakly expressed, with the appearance of oxygen dependence, they
were characterized by an increase the number of patients with an elevated level of gammaglutamyltranspeptidase (59.7 %
vs. 24.0 %, p = 0.002) in the absence of statistically significant changes in the median indicators activity of gammaglutamy!-
transpeptidase and alkaline phosphatase (p > 0.05). The relationship between liver damage and the development of oxygen
dependence in patients with COVID-19 with pneumonia is confirmed by the correlation between the activity index of alanine
aminotransferase (ALT) and the oxygen saturation index (r =-0.31, p < 0.05). In patients with COVID-19 with pneumonia in
the dynamics after a week in presence of oxygen dependence, a higher level of activity of ALT remained (p < 0.05) and the
frequency of detection of increased activity of ALT remained higher (62.6 % vs. 37.5 %, 2= 6.07, p = 0.01), the activity of aspar-
tate aminotransferase is higher (p < 0.05), compared to patients with COVID-19 with pneumonia without oxygen dependence.

A higher frequency of liver damage in patients with COVID-19 with pneumonia in presence of oxygen dependence is com-
bined with more pronounced changes in acute inflammatory parameters, namely a higher level of C-reactive protein (CRP) in
blood serum (p < 0.01), more frequent (p = 0.001) and more pronounced (p = 0.004) absolute lymphopenia, a higher level of
absolute neutrophilia (p = 0.03) and, accordingly, a higher coefficient of N/L ratio (p = 0.0001). The oxygen saturation indicator
correlates with the indicators: CRP (r =-0.37, p < 0.05), relative (r = +0.36, p < 0.05) and absolute (r = +0.23, p < 0.05) number
of lymphocytes, the absolute number of neutrophils (r = -0.32, p < 0.05) and the ratio of N/L (r = -0.42, p < 0.05).

Conclusions. Liver damage with the development of cytolytic syndrome was established in 45.5 % of patients with COVID-19
with pneumonia at the time of hospitalization. The dependence of the frequency of liver damage with the appearance of oxygen
dependence, as well as the relationship with acute inflammatory indicators, was demonstrated.

0co6AnBOCTI ypaXkeHHA NeYiHKK y XBOPUX Ha KOpoHaBipycHy xBopo6y (COVID-19)
Ta NHEBMOHIl0 y B3a€MO3B’'A3KY 3 NOKa3HUKaMU 3ananeHHsA, BpaxoByOUN KUCHEBY
3aneXHiCTb

0. B. Pa60KoHb, I. 0. Kyaew

Meta poboTi — npoaHaniaysaTti GioxiMiuHi NoKasHUKY PyHKLLT NeYiHKW y B3aEMO3B'I3Ky 3 MOKa3HWKaMu 3ananeHHs y XBopux
Ha kopoHaBipycHy xsopoby (COVID-19) Ta NHEBMOHito, BPaxoByk4M PO3BUTOK KUCHEBOI 3aNeXHOCTI.

Marepianu i metopu. O6cTexunm 123 xsopux Ha COVID-19 i nHeBMmoHito. [liarHo3 nigTeepmkeHo BuaineHHsm RNA-SARS-
CoV-2 i3 HOCOrnOTKOBOrO CM3y METOAOM MorniMepasHoi NaHLoroBoi peakLii. [THEBMOHIO B yCix XBOpMX NiATBEPIKEHO
METOLOM peHTreHorpadii abo komn'roTepHoi Tomorpadii opraHiB rpyaHoi KniTku. XBopux noginunu Ha rpynu: | — 32 nauieHtn
3 cepeHbOTSIKKUM nepebirom 6e3 kcHeBoi 3anexHocTi; Il — 91 nauieHT i3 TskkuM nepebirom i KuCHeBo 3anexHicTto. Kpu-
Tepii BUKMIOYEHHS 3 JOCTIMKEHHS — IHCDIKYBaHHS renaToTPONHMMM BipyCamu Ta paHillie AiarHOCTOBaHi iHLLi XPOHi4Hi XBOpobu
neviHkv. CTaTMCTUYHO AaHi onpautoBanu B nporpami Statistica for Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).

Pesynbratu. Y 45,5 % xeopux Ha COVID-19 i3 nHeBMOHieto Ha Yac rocnitaniaauii Ha 9,0 [7,0; 12,0] aHa xBopobu niaTBEpAXEHO
YP@XKEHHS NEYiHKM 3 PO3BUTKOM LIMTOMITUYHOTO CMHAPOMY. YacToTa ypaxeHHs neviHkv y xopux Ha COVID-19 i3 nHeBMOHi€er0
36inbLUyBanacs B pasi BAHUKHEHHS KUCHEBOI 3anexHocTi (25,0 % npotun 52,7 %, p = 0,007). BioxiMiuHi 03HaKu CUHAPOMY BHY-
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TPILLHLOMEYiHKOBOTO XorecTasy BUpaxeHi cnabo; B pasi BUHUKHEHHSI KUCHEBOI 3aneXHOCTI 3adhikcoBaHO 30iNbLUEHHS KinbKOCTi
nauieHTiB i3 nigBuMLLEHUM piBHEM ramma-rnyTaminTpaHcdepasm (59,7 % npotu 24,0 %, p = 0,002), npu LboMmy He 3achikcoBaHO
CTaTUCTUYHO 3HAYYLLMX 3MiH MefjiaH NOKa3HWKIB aKTUBHOCTI | raMMa-rmyTamMinTpaHcdepasu, i nyxHoi docdatasm (p > 0,05).
B3aemM03B’A30K Mix ypaXKeHHsAM NeviHky Ta pO3BUTKOM KUCHEBOI 3anexHocTi y xsopux Ha COVID-19 i nHeBMOHito niaTBepaxye
KOpensiList Mixk MOKa3HUKOM aKTUBHOCTI anaHiHamiHoTpaHcdepasu (AnAT) i piBHem catypauii kuchto (r = -0,31, p < 0,05).

3a HasiBHOCTI KUCHEBOI 3anexHocTi y xBopux Ha COVID-19 i nTHEBMOHItO B AnHaMILi Yepe3 TWKAEHb BULLIM 3anMLIABCS PiBEHb
akTveHocTi AnAT (p < 0,05), a Takox 4acToTa BUSIBINIEHHS NiABMLLEHOT akTuBHOCTI AnAT (62,6 % npotu 37,5 %, x?= 6,07,
p = 0,01), 3achikcoBaHO BWLLY aKTUBHICTb acnapTaTtamiHoTpaHcdepasm (p < 0,05) nopisHsHO 3 xBopumu Ha COVID-19 i
MHEBMOHIt0 63 KNCHEBOI 3aneXHOCTI.

Buwya yacToTa ypaxeHHs neviHku y xsopux Ha COVID-19 i nHEBMOHItO 3a HAsiBHOCTI KUCHEBOI 3aneXHOCTI NoeaHyBanacs 3
BUPaXeHILMMK 3MiHaMu rocTpo3anasbHIUX NokasHWKIB, 30kpema 3 BULLWM piBHeM C-peakTtuBHoro binka (CPB) y cupoBarti
kposi (p < 0,01), yacriwwoto (p = 0,001) Ta 6inbLu BUupaxeHoto (p = 0,004) abcontoTHO NiMcoNeHieto, BULLMM piBHEM abcontoT-
Horo HenTpoginbo3y (p = 0,03) Ta, BianoBiaHo, BULLMM KoedpilieHToM cniBgigHoLweHHs N/L (p = 0,0001). MokasHuk catypadii
kucHto kopentosas i3 CPB (r =-0,37, p < 0,05), BigHocHoto (r = +0,36, p < 0,05) Ta abcontotHoto (r = +0,23, p < 0,05) KinbkicTio
nimcpoumTiB, aGCONOTHO KiNbKICTHO HerTpodinis (r =-0,32, p < 0,05) i koediuieHTom cniseigHowweHHs N/L (r=-0,42, p <0,05).

BUCHOBKH. YPaXKEHHS NeYiHK/ 3 PO3BUTKOM LIMTOMITUYHOTO CUHAPOMY BUsBNEHO Y 45,5 % xBopux Ha COVID-19 i nHeBMOHito
nig Yac rocnitanisayii. BCTaHOBNEHO 3aNeXHIiCTb YacTOTW ypaKeHHS MEYIHKW i BUHUKHEHHS KUCHEBOI 3aIeXHOCTi, @ TaKox

B3aEMO3B'A3KM 3 rocTpo3sananbHUMN NOKa3HUKaMu.

During the coronavirus disease (COVID-19) pandemic,
attention was drawn to the fact that in addition to respira-
tory symptoms of COVID-19, which primarily determined
the severity of the disease, some patients had clinical
and laboratory signs of damage to gastrointestinal tract,
in particular the liver [1,2,3]. According to the data of a
systematic analysis of 11 research, in which the functional
state of the liver was assessed by biochemical indicators
in 2541 patients, it was demonstrated that the appearance
of cytolytic syndrome was recorded in 25 % of patients
with COVID-19, but an increase bilirubin occurred in isolat-
ed cases, and the development of intrahepatic cholestasis
syndrome was not recorded according to the results of the
research of alkaline phosphatase activity [4]. According
to the results of the meta-analysis, it was demonstrated
that the cumulative prevalence of acute liver damage in
patients with COVID-19 is 23.7 % [2].

Today, several mechanisms of liver damage by the
SARS-CoV-2 coronavirus are discussed, namely: the
direct effect of the virus on liver cells due to the expression
of the angiotensin-converting enzyme 2 (ACE2) receptor
on their membranes, immune-mediated mechanisms of
damage in the context of the development of a “cytokine
storm”; liver damage due to ischemia; in addition, when
assessing liver damage, attention is paid to the need
to exclude adverse hepatotoxic effects of drugs used
[4,5,6,7,8].

When studying the direct effect of the virus on liver
cells, certain features were established, namely, the
level of ACE2 expression on hepatocytes was 0.31 %,
in contrast to cholangiocytes, on the membrane of which
the level of ACE2 expression was 20 times higher [5]. Itis
believed that one of the main mechanisms of liver damage
can be an excessive inflammatory immune reaction, so-
called “cytokine storm”[1]. The research [6] demonstrated
that in patients with COVID-19, non-specific inflamma-
tory changes were found in hepatocytes (hyperplasia of
Kupffer cells, edema and steatosis of hepatocytes, mild
infiltration by lymphocytes), the appearance and degree
of which were correlated with a significant increase pro-in-
flammatory cytokines (interleukin-2 and interleukin-6)
and, accordingly, with the severity of the course of the
coronavirus disease (COVID-19).
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Research [7,8] also demonstrated the relationship
between the development of cytolytic syndrome and
hypoalbuminemia with an increase the level of acute
inflammatory indicators, in particular C-reactive protein
(CRP) and ferritin, and, accordingly, the relationship
with the adverse course of COVID-19. In addition to
the above-mentioned acute inflammatory markers of
the adverse course of the coronavirus disease and the
development of multiorgan lesions of COVID-19, such
hematological changes as the development of absolute
lymphopenia [9] and an increase in the ratio of the ab-
solute number of neutrophils to the absolute number of
lymphocytes (N/L) [10] are also included.

However, researchers [3,11] believe that the liver
is not a target for significant inflammatory damage in
COVID-19. Histopathology of the liver in severe respira-
tory insufficiency of COVID-19 indicates primarily vascular
changes, which are secondary to systemic changes
caused by the virus, in particular in damage to the en-
dothelium and hypercoagulation play a significant role in
the pathogenesis of hepatitis in COVID-19 [11].

The above, in our opinion, requires further research to
clarify the specifics of liver damage in hospitalized patients
with coronavirus disease (COVID-19) with pneumonia.

Aim

The purpose of the work is to analyze the biochemical
indicators of liver function in relation to indicators of inflam-
mation in patients with coronavirus disease (COVID-19)
with pneumonia, taking into account the development of
oxygen dependence.

Material and methods

The research included 123 patients with coronavirus
disease (COVID-19) with pneumonia. Patients underwent
inpatient treatment at the Communal Non-Commercial
Enterprise “Regional Infectious Clinical Hospital” of Zapo-
rizhzhia Regional Council. In all patients, the diagnosis
was confirmed by isolation of RNA-SARS-CoV-2 from
nasopharyngeal mucus by the polymerase chain reac-
tion method. The presence of pneumonia in all patients
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was confirmed by imaging methods (x-ray or computer
tomography of the chest organs).

Laboratory examination and treatment of patients
were carried out in accordance with the Order of the Mi-
nistry of Health of Ukraine dated March 28, 2020 No. 722
“Organization of medical care for patients with coronavirus
disease (COVID-19)". Depending on the severity of the
course and the presence of oxygen dependence, patients
with COVID-19 with pneumonia were divided into groups:
| group — 32 patients with a medium-severe course without
oxygen dependence; Il group — 91 patients with a severe
course with the presence of oxygen dependence. Exclu-
sion criteria from the research were: presence of infection
with hepatotropic viruses (patients were examined for
markers of viral hepatitis, namely HBsAg, anti-HCV, IgM
anti-HAV) and the presence of previously diagnosed
other chronic liver diseases. Patients are included in the
research with informed consent.

For statistical processing of the received data,
we created a database of patients in the Excel pro-
gram. Statistical data processing was carried out in
the program Statistica for Windows 13 (StatSoft Inc.,
No. JPZ8041382130ARCN10-J). The normality of the dis-
tribution was assessed using the Shapiro-Wilk test, taking
into account the difference of the distribution of the inves-
tigated characteristic from the normal law of distribution,
non-parametric methods of statistical processing of the
obtained data were used. The results of quantitative data
were presented in form of the median and interquartile
ranges of Me [Q25; Q75]. The Mann—-Whitney test was
used to determine the differences between quantitative
characteristics in independent groups, the Wilcoxon
test was used in dependent groups, and the x?test was
used between qualitative characteristics. Spearman’s
correlation was used to establish relationships between
quantitative traits. Differences at p < 0.05 were considered
to be reliably significant.

Results

According to the results of the conducted research,
we established that at the time of hospitalization by 9.0
[7.0; 12.0] day of the disease, liver damage in patients
with coronavirus disease (COVID-19) with pneumonia
occurred in 45.5 % (56 out of 123) of patients, which was
evidenced by an increase activity of alanine aminotrans-
ferase (ALT) in blood serum from 43.0 U/L to 333.0 U/L.

However, it should be noted that the frequency of
liver damage depended on the appearance of oxygen
dependence, namely, during the specified period of
observation, the frequency of increased activity of ALT in
the blood serum of patients of the Il group was statistically
significantly higher than of the patients of the | group
(52.7 % vs. 25.0 %, x?= 7.35, p = 0.007). The activity
index of aspartate aminotransferase (AST) in blood serum
during the specified period of observation was not statis-
tically different in the patients of the researched groups
(p > 0.05). When comparing the activity of enzymes that
reflect the development of intrahepatic cholestasis, at
the time of hospitalization, the median activity of alkaline
phosphatase (ALP) in blood serum remained within the
reference values, while among patients of the | group, in
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no case was an increase in this indicator recorded, and
among patients of the Il group 18.1 % had an increase
in the activity of this enzyme by 1.2-1.3 times the upper
limit of the norm. The median activity of gammagluta-
myltranspeptidase (GGT) in the blood serum of patients
of the Il group had a tendency (p > 0.05) to a higher level,
compared to the patients of the | group, however, the
frequency of increasing the activity of GGT in the blood
serum was statistically significantly higher in the patients
of the Il group, compared to patients of the I group (59.7 %
versus 24.0 %, x2= 9.47, p = 0.002). Violation of pigment
metabolism with an increase the level of total bilirubin was
recorded only in individual patients (7 out of 123, 5.7 %) in
the range from 21.9 umol/l to 68.0 ymol/l, while the median
of this indicator did not differ (p > 0.05) in patients of the
studied groups (Table 1).

In the dynamics of observation during the week, the
frequency of increased activity of ALT in blood serum
had a tendency to increase, but this was not statistically
significant: in patients of the | group from 25.0 % to
37.5% (x?=1.16, p > 0,05) and in patients of the Il group
from 37.5 % to 62.6 % (x*= 1.82, p > 0.05). The median
activity of ALT in the dynamics of observation during the
week did not change statistically significantly (p > 0.05).
Among patients of the | group, the proportion of patients
with increased activity of GGT increased dynamically
(X*= 9.47, p = 0.002), and intensity of the mesenchy-
mal-inflammatory reaction according to the indicator
of thymol test increased in the patients of the Il group
(p <0.01) (Table 1).

When comparing the biochemical indicators of liver
function after a week of complex treatment, it was noted
that the patterns established during the hospitalization of
patients with COVID-19 with pneumonia were preserved.
During the specified period of observation, patients of
the 1l group who had oxygen dependence had a higher
level of ALT activity in the blood serum compared to
patients of the | group (p < 0.05), and the frequency
of detection of elevated ALT activity remained higher
(62.6 % vs. 37.5 %, x*= 6.07, p = 0.01). It should be
noted that during this period of observation, a higher
median activity of AST in blood serum was noted in
patients of the Il group, compared to patients of the
I group (p < 0.05), which indicated the deepening of liver
damage in oxygen-dependent patients. At the same time,
no statistically significant differences (p > 0.05) were
found in the dynamics of treatment when comparing the
median parameters of intrahepatic cholestasis and the
indicator of pigment metabolism in the patients of the
investigated groups (p > 0.05) (Table 1).

We established a higher frequency of liver damage
in patients with COVID-19 with pneumonia in the pre-
sence of oxygen dependence was combined with more
pronounced changes in acute inflammatory indicators.
Thus, at the time of hospitalization, the content of CRP
in blood serum was 2.5 times higher in patients of the Il
group (p < 0.01), absolute lymphopenia was more often
detected (82.4 % versus 46.9 %, x?>= 15.23, p = 0.001)
and the absolute number of blood lymphocytes was
lower (p = 0.004), the level of the absolute number of
neutrophils was higher (p = 0.03) and the N/L ratio was
correspondingly higher (p = 0.0001) (Table 2).
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Table 1. Biochemical indicators of liver function in patients with coronavirus disease (COVID-19) with pneumonia, taking into account the development
of oxygen dependence in the dynamics of the disease, Me [Q25; Q75]

Indicator, units of measurement
igroup.n=32 __|llgroup.n=91 groupn=32  ligroupn=91 |

Total bilirubin, pmol/l 10.0 [8.1; 11.8] 10.0[8.5; 12.5] 9.5[7.9;10.7] 11.9[9.8; 16.8]

ALT activity, Units/I 29.3[20.6; 41.6] 40.4 [30.6; 58.0]" 33.9[28.8; 75.1] 51.1[32.0; 98.4]"

Increase ALT activity, abs. (%) 8(25.0) 48 (52.7)' 12 (37.5) 57 (62.6)'

Activity of AST, Units/l 43.0[27.9; 48.9] 46.3[31.4; 65.9] 26.0 [20.8; 40.0] 42,6 [30.3; 73.0]'
Activity of ALP, Units/l 52.8 [54.1; 72.6] 77.6[61.7; 97.3] 68.1 [64.1; 82.6] 89.1[71.6; 104.0]
Increase ALP activity, % (abs.) 0.0 (0 of 25) 18.1 (13 0f 72) 0.0 (0 of 24) 30.2 (16 of 53)
GGT activity, Units/I 48.1 [44.6; 62.5] 72.9 [34.9; 111.5] 78.1[56.7; 78.6] 82.2 [51.0; 113.0]
Increase GGT activity, % (abs.) 24.0 (6 of 25) 59.7 (43 of 72)' 54.2 (13 of 24) 60.4 (32 of 53)
Thymol test, unit 1.8[1.4;3.1] 2.1[0.9;3.0] 2.9[15;4.6] 5.0 [1.5,7.9P

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

Table 2. Indicators of an acute inflammatory reaction in patients with the coronavirus disease COVID-19 with pneumonia depending on the development
of oxygen dependence in dynamics of the disease, Me [Q25; Q75]

Indicator, units of measurement During hospitalization In dynamics after 7 days
Igroup.n=32_____|llgroup.n=91 Igroup.n=32_____|llgroup.n=91

CRP, mg/l 40.1[18.4; 82.0] 100.5 [44.2; 175.1]' 8.4 [5.0; 15.01 36.5[16.0; 111.5]'2
Leukocytosis, abs. (%) 8(25.0) 26 (28.6) 4(12.5) 56 (61.5)"2
Leukocytes, x10%1 6.0 [4.6;7.1] 7.114.9;9.5] 7.5[6.1; 8.6] 10.8 [7.6; 18.4
Neutrophils, x10%1 4.3[3.5;6.9] 6.2[4.0; 8.7]' 4.8[3.5;6.3] 9.1[6.2; 17.3]"2
Lymphopenia, abs. (%) 15 (46.9) 75 (82.4)' 1(3,1)? 57 (62.6)'?
Lymphocytes, x10°/I 1.110.8; 1.5] 0.81[0.6; 1.0]' 1.8[1,3; 2,2] 1.0[0.7; 1.3]"2

N/L 3.7[2.7;7.0] 8.3[4.9;12.1]" 2.5[1.9; 3.8 9.0 [5.1;22.4]'2

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

corresponding group (p < 0.05).

During the first week of observation, the opposite
dynamics of acute phase indicators were noted in the
patients of the investigated groups. Thus, in patients of
the | group who did not develop oxygen dependence,
a decrease the CRP level (p = 0.0001), a decrease the
frequency of lymphopenia (x?>= 16.33, p = 0.001) and a
decrease the severity of absolute lymphopenia (p = 0.001)
and, accordingly, a decrease the ratio of N/L (p =0.001). On
the contrary, in patients with COVID-19 with pneumonia of
the Il group who had oxygen dependence during the week,
an increase in the frequency of detection of leukocytosis
was noted (x2=19.98, p = 0.0001) and the level of leuko-
cytosis (p = 0.001), absolute neutrophilia (p = 0.001), of
the ratio of N/L (p = 0,02) despite the decrease in the level
of CRP (p = 0.001), decrease in the frequency of absolute
lymphopenia (x2= 8.93, p = 0.003) and decrease in the
severity of absolute lymphopenia (p = 0.001) (Table 2).

Comparison of acute phase indicators after a week
of complex treatment showed that laboratory signs of
immune inflammation were significantly more pronounced
in patients of the Il group than in patients of the | group.
Namely, the level of CRP remained higher (p = 0.001),
the frequency of leukocytosis was higher (2 = 22.79,
p = 0.0001), the level of expressiveness of absolute
neutrophilia (p = 0.0001), the frequency of absolute
lymphopenia was higher (x?>= 33.65, p = 0.0001) and
the level of the absolute number of lymphocytes is lower
(p =0.0001) and, accordingly, the coefficient of the ratio
N/L is higher (p = 0.0001) (Table 2).

The correlation analysis of the investigated pa-
rameters at the time of hospitalization confirmed the
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existence of a relationship between the development of
the cytolytic syndrome and the appearance of oxygen
dependence, namely, the inverse correlation of the
activity indicator of ALT in blood serum with the oxygen
saturation indicator in the air upon admission was es-
tablished (r = -0.31, p < 0.05). Direct correlations were
also recorded between indicators of cytolytic syndrome,
namely between ALT and AST (r = +0.54, p < 0.01), as
well as between the activity index of ALT and the thymol
test index, which reflects the degree of expression of
the mesenchymal inflammatory reaction (r = +0.26,
p < 0.05). Statistically significant correlations were also
established between the index of oxygen saturation on
admission and acute phase indicators, which confirm the
role of immunoinflammatory changes in the formation of
oxygen dependence in patients with coronavirus disease
(COVID-19) with pneumonia.

The indicator of oxygen saturation correlated with
indicators: CRP (r =-0.37, p < 0.05), relative (r = +0.36,
p <0.05) and absolute (r = +0.23, p < 0.05) number of lym-
phocytes, the absolute number of neutrophils (r =-0.32,
p < 0.05) and the ratio of N/L (r = -0.42, p < 0.05). A
number of correlations were also established between
acute phase indicators, namely, the level of CRP in blood
serum was correlated with indicators of relative (r=-0.38,
p <0.05) and absolute (r =-0.26, p < 0.05) number of lym-
phocytes, the absolute number of neutrophils (r = +0.23,
p < 0.05) and the ratio of N/L (r = +0.32, p < 0.05). In the
dynamics, after 7 days of treatment, a direct correlation
was established between the activity indicators of ALT and
GGT (r = +0.65, p < 0.05) in blood serum.
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Discussion

Today, there are more and more research devoted to
the detection of liver damage in patients with COVID-19
[12,13,14]. In the research [12] with inclusion of 5700
patients with COVID-19, in which biochemical indicators
of the state of the liver were analyzed, the development of
cytolytic syndrome with increased activity of ALT in blood
serum was demonstrated in 39.0 % of patients. According
to the results of a meta-analysis, it was demonstrated that
the adverse course of COVID-19 is accompanied by a
significant increase activity of ALT, AST, and bilirubin [13].

The data obtained during our research also showed
that in 45.5 % of patients with coronavirus disease
(COVID-19) with pneumonia at the time of hospitaliza-
tion by 9.0 [7.0; 12.0] day of the disease, there were
biochemical signs of liver damage, which was confirmed
by the development of cytolytic syndrome. In addition,
with a severe course with the development of oxygen
dependence, a higher frequency of increased activity of
ALT (p < 0.05) and a higher level of activity of this en-
zyme (p < 0.05) was established, compared to patients
with COVID-19 with pneumonia without oxygen depen-
dence. We confirmed the role of oxygen dependence
in increasing the frequency of liver damage in patients
with COVID-19 with pneumonia by the presence of a
correlation between the oxygen saturation indicator and
the activity of ALT (r =-0.31, p < 0.05). In the presence of
oxygen dependence, we also established a higher activity
of AST in blood serum (p < 0.05).

Other researchers also paid attention to a certain
prognostic value of increasing the activity of AST in
the blood serum of patients with COVID-19, namely, a
high frequency of increasing the activity of this enzyme
in hospitalized patients and a further increase of this
indicator in conditions of an adverse course of the di-
sease was demonstrated [14]. An assumption was made
that mitochondrial proteins can directly interact with
SARS-CoV-2, which can lead to an increase AST activity
in blood serum [15].

According to the results obtained by us, biochemical
signs of intrahepatic cholestasis syndrome are weakly
expressed in patients with COVID-19 with pneumonia,
namely, in the absence of statistically significant chang-
es in the median indicators of activity of GGT and ALP
(p > 0.05). The appearance of oxygen dependence was
accompanied by only a certain increase in the number
of patients with an elevated level of GGT (59.7 % vs.
24.0 %, p = 0.002). The features of biochemical changes
we established regarding the syndrome of intrahepatic
cholestasis in patients with COVID-19 with pneumonia
are confirmed by the results of other research. Thus,
the authors demonstrated an increase activity of GGT
in the blood serum of patients with a severe course in
the absence of changes in the activity index of ALP [16].

Today, it is believed that immune-mediated mecha-
nisms of damage not only to the lungs, but also to other
organs, including the liver, are involved in the formation
of a “cytokine storm” [4,8]. According to the results of our
research, it was demonstrated that a higher frequency of
liver damage in patients with COVID-19 with pneumonia
in the presence of oxygen dependence is combined
with more pronounced changes in acute inflammatory
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indicators, namely, a higher level of CRP in blood se-
rum (p < 0.01), more frequent (p = 0.001) and more
pronounced (p = 0.004) absolute lymphopenia, a higher
level of absolute neutrophilia (p = 0.03) and, accordingly,
a higher ratio of N/L (p = 0.0001).

In the modern literature, there are research that also
demonstrate the connection between the degree of ex-
pressiveness of the activity of liver enzymes and indicators
of immune inflammation. Thus, in the research [17], the
authors paid attention to the relationship between higher
activity of ALT and GGT, lower albumin level, higher ferritin
level, lower level of CD4+ T- and B-lymphocytes in the
blood with a more severe course of COVID-19. The role
of liver damage in the formation of the adverse course of
COVID-19 is confirmed by the data of research in which
an increase in the level of interleukin-6, ferritin, CRP and
ALT was demonstrated during the progression of the
disease [8,18].

Morphological changes of liver parenchyma in
COVID-19 are described in the literature as autopsy re-
sults. Thus, the pathomorphological research [19] showed
moderate microvesicular steatosis, portal and moderate
lobular inflammatory activity. However, viral inclusions
in liver tissue were not identified [19,20]. Therefore, it
should be noted that the mechanism of liver damage
due to damage to the endothelium and the development
of systemic microthrombosis is also being considered
[11,21]. Thus, according to the results of a demonstrated
acute damage of the portal intrahepatic system with the
presence of thrombotic ectasia, and the intrahepatic blood
vessels had an abnormal configuration.

Conclusions

1. In 45.5 % of patients with coronavirus disease
(COVID-19) with pneumonia at the time of hospitaliza-
tion by 9.0 [7.0; 12.0] day of the disease, liver damage
occurs with the development of cytolytic syndrome. The
frequency of liver damage in patients with COVID-19 with
pneumonia increases with the appearance of oxygen
dependence (25.0 % vs. 52.7 %, p = 0.007). Bioche-
mical signs of the syndrome of intrahepatic cholestasis
are weakly expressed, with the appearance of oxygen
dependence they are characterized by an increase the
number of patients with an elevated level of GGT (59.7 %
vs. 24.0 %, p = 0.002) in the absence of statistically
significant changes in the median indicators of activity
GGT and ALP (p > 0.05). The relationship between liver
damage and the development of oxygen dependence in
patients with COVID-19 with pneumonia is confirmed by
the correlation between the activity index of ALT and the
oxygen saturation index (r = -0.31, p < 0.05).

2. In patients with COVID-19 with pneumonia in the
dynamics after a week in the presence of oxygen depen-
dence, a higher level activity of ALT remains (p < 0.05)
and the frequency of detection of increased activity of ALT
remained higher (62.6 % vs. 37.5 %, x=6.07, p=0.01),
the activity of AST is higher (p < 0.05), compared to
patients with COVID-19 with pneumonia without oxygen
dependence.

3. Ahigher frequency of liver damage in patients with
COVID-19 with pneumonia in the presence of oxygen
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dependence is combined with more pronounced changes
in acute inflammatory indicators, namely a higher level of
CRPin blood serum (p < 0.01), more frequent (p = 0.001)
and more pronounced (p = 0.004) absolute lymphopenia,
a higher level of absolute neutrophilia (p = 0.03) and, ac-
cordingly, a higher ratio of N/L (p = 0.0001). The oxygen
saturation indicator correlates with the indicators: CRP
(r=-0.37, p < 0.05), relative (r = +0.36, p < 0.05) and
absolute (r = +0.23, p < 0.05) number of lymphocytes,
the absolute number of neutrophils (r = -0.32, p < 0.05)
and the ratio of N/L (r =-0.42, p < 0.05).

Prospects for further research. The prospects for fur-
ther research in this direction, in our opinion, are to clarify
the clinical-pathogenetic role of endothelial dysfunction
in liver damage in patients with coronavirus disease
(COVID-19) with pneumonia and to find optimal methods
of drug correction.
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BnAuB 6A0KaAM KAITUHHUX NPOTEIHKIHA3 Ha €KCNPECilo Y CiTKiBL
npoteiHy S100 npu ekcnepMMeHTaAbHIW AiabeTHuHiK peTuHonarii
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MoanTnBHUI edbekT Gnokaam KNITMHHXX NPOTEIHKIHA3 Npu LykpoBoMy Aiaberti Ta AiabeTnyHin petuHonartii (OP) obrpyHToBye
[OUINbHICTb 3'ACYBaHHS MONEKYNSAPHUX MeXaHi3MiB; TpUrepHa perynsatopHa porb 3-NOMiX HUX HaneXuTb KanbLini-3B'a3y-
BanbHUM npoteinam S100.

Merta poboTu - BU3HaunTH ekcnpecito npoteiis S100 y TkaHMHaX CITKIBKM Ta BNMB Ha Hel 6rokaay KNiTMHHUX NPOTeiHKiHa3
copadheHibom npu ekcnepumeHTansHin [P

Marepianu i metoau. [liabeTnyHy peTuHonarTito MofentoBanu y wypie-camuis ninii Wistar. [ins Lboro iMm ogHopa3oso BBOAMNN
cTpenTo3oTouyH y Aosi 50 mr/kr (Sigma-Aldrich, Co, Kutait). EkcneprmeHTansHWX LypiB NOAINMAN Ha TP TPYNK: KOHTPOSBHY;
3 BBeaeHHAM iHcyniHy 30 Og (NovoNordiskA/S, Bagsvaerd, HimeuunHa); 3 BBeAEHHAM iHCYiHY Ta copadeHidy y 4osi 50 mr/kr
(Cipla, IHgis). Mig yac imyHoriCTOXIMIYHOMO AOCHIMKEHHS 3aCTOCYBan MOHOKMOHanbHi aHTuTing npotn S100 (ThermoFisher
Scietific, CLLA).

Pesyabratu. Y pasi po3sutky ekcnepumenTansHoi [IP ekcnpecis npoteiHy S100 icToTHO 36inbluyBanacs B Tinax, BigpocTkax
acTpouuTis i kniTH Mionnepa. OcTaHHi po3TaLloByBanucs NePEBaXHO Y BHYTPILLIHBLOMY SiAEPHOMY Luapi, CyTTEBO 30inbLuyBa-
MCS 3a PO3MIPOM | Manm BiAPOCTKOBY hOpMY (peakTVUBHWIA IMio3). 3 MikpoaHEeBpHU3MaMK, LLIO YTBOPIOBANMCS Ha BHYTPILLHIN
MOBEPXHi CITKIBKY, LLiNBbHO KOHTAKTyBanu iHTeHCUBHO 3abapeneHi S100-n03nTUBHI BOMOKHA acTpouuTiB. BusHaunnm nosisy
okpeMux S100-MO3UTUBHUX KITITUH Y 30BHILLHIX LUapax CiTKiBk. JTikyBaHHS TBApWH IHCYNIHOM CMPUANO 3HWKEHHIO EKCTPECT
npoteiny S100, a 3acTocyBaHHs copadeHiby 3anobirano akTueauii ekcnpecii 6inka S100, po3sutky AP, peakTMBHOMY o3y
11 YTBOPEHHIO MIKPOAHEBPY3M Ha BHYTPILLHIV MOBEPXHi CITKIBK.

BucHoBku. Onucanu ogyH i3 MexaHisamiB No3uTuBHOI i copadeHiby — NpUrHiYeHHst peakTMBHOTO Mio3y, Lo 3anobirano
paHHim nposisam [1P.

Effect of cellular protein kinases blockade on the s100 retina expression
in experimental diabetic retinopathy

K. 0. Usenko, S. 0. Rykov, 0. 0. Dyadyk, S. V. Ziablitsev

The positive effect of cellular protein kinases blockade in diabetes and diabetic retinopathy (DR) justifies the need to clarify
molecular mechanisms, among which the trigger regulatory role belongs to calcium-binding proteins S100.

Aim: to establish the expression of S100 protein in retinal tissues and the effect of cellular protein kinases blockade with
Sorafenib on it in experimental DR.

Materials and methods. Diabetic retinopathy was modeled in male Wistar rats. For this purpose, they were administered a
single injection of streptozotocin at a dose of 50 mg/kg (Sigma-Aldrich, Co, China). Experimental rats were divided into three
groups: control; with the administration of insulin 30 U (NovoNordiskA/S, Bagsvaerd, Germany); with the administration of
insulin and sorafenib at a dose of 50 mg/kg (Cipla, India). Monoclonal antibodies against S100 (ThermoFisher Scietific, USA)
were used during immunohistochemical studies.

Results. With the development of experimental DR, the expression of S100 protein significantly increased in the bodies and
processes of astrocytes and Mdiller cells. The latter were mainly located in the inner nuclear layer, significantly increased in
size and had a process-like shape (reactive gliosis). Intensely stained S100-positive astrocyte fibers were in close contact with
microaneurysms that formed on the retina inner surface. The appearance of individual S100-positive cells in the outer layers
of the retina was noted. Treatment of animals with insulin led to a decrease in the expression of the S100 protein, and the
use of Sorafenib prevented the activation of the expression of the S100 protein, preventing the development of DR, reactive
gliosis, and the formation of microaneurysms on the inner surface of the retina.

Conclusions. One of the mechanisms of the positive effect of Sorafenib in DR was discovered — the prevention of reactive
gliosis, which prevented early manifestations of DR.
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Y BcboMy CBITi AiabeTnyHa petuHonaris (AP) € n'stoto
32 4aCTOTOK MPUYMHOLO CMINOTM abo MOMIPHOTO, TSKKO-
ro nopyLUeHHst 3opy B ocib Bikom 50 pokis i HinbLue [1].
Mpu ubomy 1P € eanHO NPYYMHOKD CAINOTY, Lo Mana
rnobanbHe 30iNbLUEHHS CTaHAAPTU30BaHOI 3a BiKOM
nowmpeHocTi y nepiog 3 1990 go 2020 poky [1]. Huwi AP
BM3HAYaloTb SK TKaHMHOCTEeLMIYHE HeMpoBacKynspHe
YCKNafiHEeHHs LiyKpOBOTO AiabeTy, sike Mae NporpecyBHMIA
nepebir i xapakTepuyeTbcs 6araTtopiBHEBNM CKMagHNM
MaToreHe30M, LU0 BKITOYaE ANCYHKLIIO Ta MOLLIKOKEHHS!
HEPBOBWX €MEeMEHTIB | MiKDOCYAWNHHE YPaxeHHS CITKIBKU
[2].

BcTaHoBneHo, Lo BXe nepLui peakLii y Bianosigb Ha
rineprnikemito 3any4yatoTb rmianbHi KNiTWHW CITKIBKK, SKi
BKIHOYAKOTb MIKpO- Ta MaKpOrito — acTPOLMUTM Ta KIiTu-
H1 Mionnepa [2,3]. Ha neplumx etanax y Bignosige Ha
HaKOMUYEHHS aHOMarbHUX MPOAYKTIB BYrMEBOAHOMO Me-
Taboniamy 3any4aeTbCcs MIKpOrmist 1 acTpOLMUTH, po3TaLLo-
BaHi B LLApPax HEPBOBWX BOMOKOH i FaHIMOHAPHWX KITiTUH
citkiku [3]. x akTMBaLis npw rineprrikeMiuHoMy cTpeci €
OCHOBHVM MEXaHi3MOM, L0 CMPUYMHSE HermposananbHi
npouecy [4]. Misniwe BinbyBaeTbCcA 3anyyeHHs KMiTUH
Mtonnepa 3 po3BUTKOM peaKTUBHOIO FMi03y, Mapkepom
AKOrO € rmianbHWiA hibpunspHui kucnnia npotein (GFAP)
[5,6]. PeakTviBHMI rMio3 TiCHO NOB’S3aHWI i3 NiABULLEHO
eKcrnpeciel BackynoeHaoTenianbHoro ¢aktopa pocty
(VEGF) i po3BUTKOM XPOHIYHOTO MMSIBOTO 3ananeHHs 3
NOCUIMEHHSIM NPOHUKHOCTI CYAUH CiTKiBKW Ta iX nponide-
pauieto B iLLeMivHUX gingHkax [7,8].

Mpoteinn S100 moxyTh 38'3yBaTh Ta bychepusysatu
BHYTPILUHBOKITITUHHI iOHW KarbLilo i BUKOHYIOTb Gararo
perynsTopHux cyHKUii y kniTuhi [9]. Tak, npoteikn S100
iHiLitoBanu iHGiNLTpaLjto Mikpornii Ta Makpodaris npu
ekcnepumMeHTanbHii [P y mulien; Kkpim Toro, y Kposi
naujeHTis i3 giabetom BmicT npoteiHisa S100A8 i S100A9
iCTOTHO 3pOocCTaB, Lo NpsMO Bignosigano cryneno OP
[10]. Mpoteinn S100 (S100A7, S100A12, S100A8/A9
Ta S100B) akTvBytoTb saepHuin aktop pocty (NFkB) 3
iHAYKUiE Npo3ananbHMX LMTOKIHIB i MirpaLieto HenTpo-
¢hinis, moHouwTiB i Makpodaris [11]. Mpotein S100A12
onocepeaKoByBaB akTMBaLil0 MIKpornii CiTkiBkM Ta
3ananeHHs npu rinepriikemii, CTUMYNOBaB YTBOPEHHS
iHTepnenkiHis (IL-1B Ta IL-18) y mikpornii [12]. Binomo, wo
niaBuLeHui piseHb S100A12 y nnaawmi nos'ssaHui i3 [P,
110ro BBaXatoTb BioMapKkepoM TSHKKOCTi Ta MPOrpecyBaHHst
LykpoBoro giabety [13].

P0O3BUTOK BHYTPILUHBOKMITUHHWUX NOPYLUEHb NpU
fiabeTi onocepeaKoBYETLCA aKTVBALIiED NPOTEiHKIHA3-
HUX curHanbHux wnsaxis [14]. Tak, npu AP akTuBauis
LUMSXY MITOreH-akTMBOBaHA KiHa3a / No3akmniTuHHa cur-
Han-3anexHa kiHasa (MAPK/ERK) iHayKye 36inbLueHHs
yTBopeHHst VEGF [15,16]. 3acTocyBaHHs1 6rnokaam
KNiTVHHUX NpeTeiHKiHa3 BBaXatoTb MEPCMNEKTUBHUM ANS
nigBuLLEeHHs edbekTMBHOCTI aHTU-VEGF Tepanii npu P
[17]. KomnnekcHuin aHania MexaHismiB HeoBacKynspu-
3auii npu [P gaB niactaBM BU3HAYMTK 3aCTOCYBAHHS
6rnokaau KniTMHHMX NPOTETHKIHA3 SIK HOBU NOTEHLINHWIA
BapiaHT iMyHoMogZentoBanbHoi Tepanii [18]. Y none-
penHiX 4OCNIMKEHHAX BUSBNEHO rinornikeMivyHUn edpekT
MynbTUKIHA3HOrO BriokaTopa KniTUHHUX MPOTEeiHKIHa3
copadeHiby Ha ekcriepuMeHTanbH1x Mogensx aiabery
i1,i2Tuny [19].
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OTxe, NO3UTUBHWIA ehekT Brokaam KNiTUMHHWX NpoTe-
iHKiHa3 npu rineprnikemii Ta 1P 0brpyHTOBYE AOLNBHICTL
3'fiCyBaHHS MONEKYNAPHWX MeXaHiamiB, TpUrepHa peryns-
TOPHa POnb 3-MOMIXK HUX HANEXUTb KarbLii-38’A3yBanb-
HUM npoteidam S100.

Merta po6otu

BusHauntu ekcnpecito npoteiHis S100 y TkaHWHax CiT-
KiBKM Ta BNAMB Ha Hel Briokaau KNiTUHHUX NpoTeiHkiHa3
copacheHibom npu ekcnepumeHTasnbHin [P,

Martepianu i meToAU AOCAIAKEHHA

Mig yac pocnimKkeHHs 4OTPUMYBanUCs HOPM i MPUHLK-
nis, wo BuknageHi B OQupektusi 2010/63 €C i3 3axucty
TBapwH, enbciHcbkin aeknapadii (2008), a Takox kepy-
Banmcs BuMoramu 3akoHy YkpaiHu «[1po 3axuct TBapuH
BiJ )XOPCTOKOro NoBOXeHHs» Big 15.12.2009 poky
Ne 1759-VI. Ycix wwypis yTpumyBanu B ymoBax BiBapito
Ha cTaHOapTHOMY paLlioHi.

[o pocnimxeHHs 3any4nnm TpUMICSYHKX LLypiB-CaM-
uiB ninii Wistar (n = 45), maca Tina — 140-160 r. Excnepu-
MeHTanbHWI LiykpoBui fiabeT i [IP MopentoBany Lnsxom
OQHOPA30BOro BHYTPILLUHLOOYEPEBNHHOTO BBEAEHHS
cTpenTo3oToumnHy B fo3i 50 mr/kr (Sigma-Aldrich, Co,
Kutan), o poa4uHeHuii y xonogHomy 0,1 M umtpatHomy
6ycbepi (pH 4,5). PiBeHb rnikeMii KOHTPOMOBANM KOXHi
3 pobu, BMKOPUCTOBYIOYM TTIOKOMETP Ta OQHOPAa30Bi
TecT-cMyxku (ACCU-Chek Instant, Roche, Mannheim,
HimeuunHa); ans aHanisy kpos 6pany i3 XBOCTOBOI BEHM
HaTwe. [ns KOHTPOM0 BBEAEHHS CTPENTO30TOLMHY
BUKOpUCTanu 5 LLypiB, SIKMM BBOAWIIN TiNbKW LIUTPATHUNA
Bycbep. Yepes 3 0obw nicns iH ekLi BMICT rHOKO3M Y KPOBI
TBapWH, SKMM BBOAMMM CTPENTO30TOLMH, CTAaHOBUB HE
MeHLUe Hix 15,0 MMonb/N; y LypiB, SIKUM BBEAEHO Li-
TpaTtHuI Bydep, BiANOBIAHWI MOKA3HUK HE NepPEBULLYBaB
6,1 MMonb/n.

Mig Yac ekcnepuMeHTy B LLypiB 3achikcoBaHO BUpa-
XXEHy Moniguncito, Noniypito, KETOH- Ta rMKO3ypito. Kpim
TOro, Y TBapWH CNocTepirani iCTOTHe 3MEHLLEHHS Macy
Tina. Lle fae nincrasv BU3Ha4NTU MOAEND BIATBOPEHHS Y
LLpPIB iHCYNiHO3aMeXHOro LiyKpOBOro AiabeTy 3 KETO30M
K apeksaTHy. Nepiof cnocTepexeHHs 3a ekcnepumMeH-
TanbHUMY TBapyHaMM CTaHOBMB 3 MiCsLyi.

Yepes 7 aib nicns BBeOEHHS CTPENTO30TOLMHY 45
LLypiB 3i CTilKoto rinepriikemieto crninum paHaoMHUM
cnoco6oM noAinuny Ha Tpu piBHi rpynm (no 15 ocobuH).
TBapuHu 1 rpynn — KOHTPOSbHI, BOHW He OTpUMyBanu
nikyBaHHs rinepraikemii. Lypam 2 rpynu BHYTpILUHBO-
O4epeBVHHO BBOAWIN iHCYMIH KOPOTKOI Aji (Actrapid HM
Penfill, Novo Nordisk A/S, Bagsvaerd, HimeuunHa) y
£03i 30 O yepes feHb. TeapuHu 3 rpynu ofepxysanu
iHCYTiH 3a CXeMOt0 2 rpynu; KpiM TOro, iM LLIOAEHHO per 0S
BBOZWIM PO34MH iHriGiTopa npoTeiHkiHas copadheHio (200
wmr, Cipla, IHgis) y fosi 50 mr/kr (cawue).

3 eKcnepuMeHTY LypiB No 5 0cobuH noetanHo BU-
Boaunm yepes 7, 28 pib i 3 micaui. Micns cmeptenbHoOi
iH’ekuii TioneHTany (75 mr/kr) Ta AekaniTaLii BUKOHyBanu
ABO6IYHY eHykneaLito. [ns HacTynHOro MopghonoriYHoro
JocnimkeHHs oudi 3aHyptoBany B 10 % po34nH HedTpans-
Horo popmaniy, 3anusanu B napadiH. 13 napaciHoBux
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Brnokie Ha potauiiHomy mikpotomi HM 325 (Thermo
Shandon, Bernvka Bputanist) BUrotoBnsinm cepinti ricto-
JI0TiYHi 3pi3v 3aBTOBLLKM 2—3 MKM.

IMyHOriCTOXiMiYHE OOCRIMKEHHS 3MINCHUNK, 3aCTo-
CyBaBLLUV MOHOKMOHarbHI MULLAYi aHTUTINa NpoTu Npo-
TeiHy S100 (ThermoFisher Scietific, CLLA). JopaTtkoBo
3pi3n 3abapBneHo remaTokcuniHoM. st MikpocKoniYHoOro
[OCTiMXeHHS 1 (poToapXiByBaHHS BUKOPUCTan CBITNO-
ontuyHUn mikpockon ZEISS (HimewumHa) i3 cuctemoro
06pobkm pesynbrartie Axio Imager A2.

|HTEHCMBHICTb OLjiHIOBaNM BignoBigHo 40 pekoMeHaa-
uin D. Dabbs. 3rigHo 3 BidyanbHO-aHaMNoroBOK LLKanoto,
0 6aniB — 3abapBreHHs He BUSBIEHO, 1 6an — cnabka,
2 6anu — cepedHs, 3 6ann — BUCOKA IHTEHCMBHICTb
3abapenerHs [20]. S100-N03MTWBHI KNiTWHX Y 30BHILL-
HbOMY silepHOMY Lapi obpaxyBanu, 3acToCyBaBLLU
00’EKT-MIKPOMETP; pe3ynbTaTii HAaBeAEHO 5K KiNbKiCTb
KMiTUH Ha MM2.

[nsa cTatucTyHoro aHaniay pesynsratis 40CHiMKeH-
HS BUKOpUCTanu nporpamHe 3abesneyeHHs Statistica 10
(StatSoft, Inc., CLUA). Onucosa ctatnctuka — 3 064m1cneH-
HSIM CEpEenHiX 3Ha4eHb | CTaHAaPTHUX NOXMBOK; BUGIPKOBI
cepenHi NOpiBHAN, BUKOPUCTABLUM AMCNEPCIHIA aHani3
(ANOVA). Ak BiporigHi BU3Ha4anu BiAMIHHOCTI, SIKLLO
p <0,05.

PesyAbTati

Ha nouatky gocnimkeHHsi mpoaHanisyBanu ekcrnpecito
npoteiHy S100 y ciTkiBUi iHTaKTHOrO wWypa (puc. 1).
IHTeHcuBHe S100-no3utrBHe 3abapeneHHs (2—-3 6anu
3a wkanot D. Dabbs) manu unicnexHi okpyrni Ta no-
NiroHanbHi KNiTUHU BHYTPILLHBOTO SAEPHOrO Luapy, Lo
3a mopdororieto Bignoigamv knituHam Mionnepa [21].
Kpim Toro, gosoni iHTeHcyBHUM Byno 3abapBneHHst ne-
penneTiHHA BOINOKOH acTPOLMTIB B3LOBX BHYTPILLIHBOT
MOBEPXHI CITKIBKM — Y LIApi HEPBOBWX BOMOKOH (puc. 1).
Y nnexkcuopMHUX Liapax BUsIBNeHo audysHe hoHoBe
3abapBreHHs.

IcToTHI 3miHM po3noginy ekcnpecii npoteiHy S100
Biabynucs Bxe Ha cboMy oDy micns MogentoBaHHs
rineprnikemii (puc. 2).

BinbLL YiTKWM, HiX B iHTaKTHUX TBapWH, 6yrno S100-no-
31TWBHe 3abapBreHHs LWapy HePBOBUX BOMOKOH Ha BHY-
TPILLHilA NOBEPXHI CITKIBKY, LLIO Mano BUrMsg, 6e3nepepBHOI
LinbHoi obnsmiBk (puc. 2 a). IHTEHCMBHE MO3UTUBHE
3abapsneHHs (3 6anu 3a wkanoto D. Dabbs) BusiBneHo
y MIOTUYHKX KNiTuHax Mionnepa BHYTPiLLHLOTO SAEPHOro
wapy (puc. 2 a). Lli kniTvHm 4iTKO Bidyanisysanucs Ta manm
noniroHasnbHy BigpocTkoBy dhopmy (puc. 2 b). S100-no3u-
TWBHE 3abapBIEHHs! BUSIBUMM TaKoX i Y BipoCTKax Lmx
KMITWH, LLO NPOAOBXKYBANMCS Y 30BHILLHIA SAEPHUNA Lap,
[le Manu nepeBaxHo pagjianbHe CnpsiMyBaHHs (puc. 2 b).
Kpim TOro, nosutueHo 3abapentoBanacs MexoBa 30Ha
30BHILUHBOTO SAEPHOTO LUApy Ta BHYTPILLHBOMO CerMeHTa
¢hotopevienTopis (puc. 2 b).

3a An3anHOM ekCrepyuMeHTY 3 CbOMOTO AHS TBApUH
NoAINANMM Ha 3 rpynu Ta noYMHanm nikyeaHHs. Ha 28
no6y rpynu BigpisHanucs (puc. 3). Tak, y KOHTPOIbHii
rpyni 3aranom 36epiranucs 3MiHW, WO BU3HaYeHi Ha
nonepeaHbOMY TEpMiHi, 3 TEHAEHLUIE0 [0 30inbLIeHHs
iHTeHcmBHOCTi S100-n03nTUBHOMO 3abapBreHHs (3—4
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6anu 3a wkanoto D. Dabbs). Brim, BusiBneHo 1 oco-
6rmMBICTb — MOOAMHOKI OKPYTTi iIMyHOMO3UTUBHI KIITUHM
Yy 30BHILLHLOMY sifiepHOMY Lwapi (puc. 3 a). Lli knituHm
Mann MeHLy iHTEHCWBHICTb 3abapBneHHs (go 2 Ganis
3a wkanot D. Dabbs). Bigomo, wwo 3a ymoB rineprmikemii
KniTmHM Mionnepa TpaHCAMMEPEHLIIOIOTLCS Y ME3eHXi-
MasibHi KIiTUHW Ta MIrpytoTb y SAEpHi Wapwy CiTKiBKK 3
YTBOPEHHAM KMiTUHHUX NponicpepaTis [2]. Moxnueo, nig
Yac CrnocTepeXeHHs 3adikcoBaHO came nepLumii etan
Liei mirpadii.

Y pasi BBeAeHHs iHCyniHy (puc. 3 b) BUSIBNEHO TeH-
[EHLito [0 3MeHLLeHHs wWinbHocTi S100-n03nTUBHUX
KnitH Mionnepa y BHyTpiLLHbOMY SiAePHOMY Lapi, Xo4a
iHLWi NPOSIBM iCTOTHO He BIiAPI3HANUCS BiO KOHTPONMIO.
HaTomicTb nopiBHAHO 3 KOHTpornem kombiHoBaHa Aist
iHCyniHy Ta copacbeHiby cnpuymHWna iCTOTHE 3MEHLLEHHS
Y LeN TePMiH i KinbKOCTi, 1 iIHTEHCMBHOCTI 3abapBneHHs
knitH Mionnepa Ta ixHiX BOMOKOH Y Liapax CiTKiBkM (30
2-3 Ganis 3a wkanot D. Dabbs; puc. 3 c). CytteBo
HWKYOt0 Byna 1 iHTEHCHBHICTb (DOHOBOTO 3abapBreHHs!
Yy NNEKCUPOPMHIX LUapax CiTKiBKM.

Yepes 3 micsLi cnocTepexeHHs y CiTKiBLi BUABNAK
creumdiyHi o3Haku [1P, 30kpema ocepeakm NaTornoriyHoro
aHrioreHesy — YMCneHHi MikpoaHeBPU3MK, LLIO YTBOPOBa-
NCA Ha BHYTPILLHI NOBEPXHI CiTKiBKY (puc. 4 a). CyanHn
Marm 3Ha4HO PO3LLMPEHMIA NPOCBIT, YLLiNbHEHY OBGOIOHKY,
LU0 XapakTepu3yBanacs iHTeHcuBHUM S100-N03UTUBHIM
3abapsnerHam. Kpim Toro, BusisneHo pagiansHi S100-no-
3UTUBHI BOMTOKHA HE TiMbKM Y 30BHILLHBOMY SiAEPHOMY, ane
1y BHYTPILLHBOMY MriekcMdopMHOMY wwapi (puc. 4 a).
IHTEHCMBHICTb (POHOBOrO 3abapBneHHs LuapiB CiTKiBKY
3anuwanacs [oBoni BUCOKO (80 2 6anis 3a LwKanow
D. Dabbs).

Y rpyni TBapuH, SKi ogepXyBanu iHCyniH, HaBeaeHi
nposiev Bynu MeHL BUpaxeHi (puc. 4 b). Ak i B KOHTpon,
S100-n03uTnBHE 3a6apBNEHHS Manm KNiTVHW y BHYTPILL-
HbOMY SiAepHOMY Luapi Ta iXHi BiopOCTKK, CPSIMOBaHi B
[OBKOIULLIHI LLAPK CiTKiIBKW. 3a3HAUMMO, LU0 iXHi KiINbKICTb
Ta iHTEHCUBHICTb 3a6apBNEHHS MEHLLI, HiXX Y KOHTPOSbHiIl
rpyni.

Y rpyni LypiB, SIKUM BBOAWIHM iHCYNiH i copadeHio,
3aranbHa iHTeHCKBHICTb cneundivyHoro 3abapBneHHs
HanmeHLwa (puc. 4 ¢). Kinbkicte S100-n03MTUBHUX KMITUH
Mtonnepa iCTOTHO MeHLL, HiX B iHLUWX rpynax, iIHTEHCUB-
HICTb iXHbOr0 3abapBreHHs He nepesuLLyBana 1-2 6anis
3a wkanoto D. Dabbs. 3a mopdhonorieto BoHM Gynm cxoxi
Ha S100-M03MTUBHI KNITUHW, LLO BUSIBMEHI Y LIbOMY LLapi B
iHTaKTHWX TBapWH. He 3abapentoBanics, a oTxe 1 He Bigy-
anisyBanucs BigpocTku KniTuH Mionnepa; Ha BHYTPILLHIN
MOBEPXHi CITKIBKV HE BUSIBNIEHO MIKpOAHEBPI3M i CMNeTiHb
NO3NTVBHO 3abapBreHnX BOMOKOH. HaBeaeHi amiHv cBig-
YUnK Npo iCTOTHE NpUrHiYeHHs ekcnpecii npoteiHy S100
y CiTKiBUi TBapuH Lji€i rpynu, a Takox Ha 3anobiraHHs
pO3BUTKY rnio3y i MopdosorivyHux nposisis [P,

HaBepneHi aaHi ninTBEpmXeHi 3a peynsratamu Kinb-
KICHOTO OLLiHKOBAHHS LWiNbHOCTI 1 iHTEHCMBHOCTI 3abapB-
neHHs S100-no3nTUBHKX KIITWH, LLO Bidyanisysanucs y
BHYTPILLHBOMY SiEPHOMY Luapi (puc. 5).

[ns KOHTPOMbLHOI rpynu XapakTepHe 3HWXEHHS
LLiNBbHOCTI KMITUH NOPIBHSHO 3 IHTAKTHUMM TBapUHaMu y
2,4-2,7 pasa (p < 0,05). 3ayBaxwumo, Lo MopconoriyHo
Ui KNiTMHM Manu GinbLwuKi po3mip i noniroHansHy opmy,
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OpwuriHaAbHiI AOCAIAXKEHHS

Puc. 1. CitkiBKka iHTaKkTHOrO Lypa. PenpeseHTaTiBHI pesynstati iMyHOrCTOXiMIYHOTO BUsiBNeHHst npoTeiHy S100; fosabapsneHHs rematokcuniHom; x200; 6ini cTpinku: KniTuHM
Mionnepa y BHyTPilLHEOMY SiAEpHOMY Luapi; 6ini 3ipoYku: NepenneTiHHS BONOKOH B3AOBX BHYPILUHBOI MOBEPXHI CITKIBKY.

Puc. 2. CitkiBka Lypa Ha 7 0oby. Penpe3eHTaTuBHi pesynbTatv iMyHOrCTOXiMIYHOMO BUsIBEHHS npoTeiHy S100; Ao3abapereHHst rematokcuniHom. a: x200; b: x400; 6ini cTpinku
Ha a, b: peakTUBHWIA IMio3 kniTUH Mionnepa y BHyTPiLUHBOMY siiepHOMY Luapi; 6ini 3ipoyku Ha a: nepenneTiHHs BOMOKOH B3[OBX BHYTPILUHLOI NOBEPXHI CITKIBKY; XOBTa CTpinka
Ha b: BigpocTku kniTuH Mionnepa, Lo NPOAOBXKYHOTLCS Y 30BHILLHIN SAepHUIA LWap; YOPHI CTPINKKU Ha b: MexoBa NO3MTUBHO 3abaperieHa 30Ha 30BHILLIHBOMO SAEPHOTO Lapy Ta

BHYTPILUHBOTO CerMeHTa hoTopeLienTopiB.

Puc. 3. CiTkiBKka Lypa Ha 28 noby. PenpeseHTaTVBHI pesynsTaty iMyHoricToXiMivHoro BusiBneHHst npoteiny S100; nosabapsneHHs remarokcuniHom; x200; a: 1 rpyna (koHTponb); b:
2 rpyna; c: 3 rpyna; 6ini 3ipoukm Ha a: oKpyrNi NOOAMHOKI KMITUHN Y 30BHILUIHBOMY siepHOMY Luapi (MIMOBIpHO, KNiTUHW Mionnepa, Wo MirpyloTb).

Puc. 4. CitkiBka Lypa Yepe3 3 MicsiLii. Penpe3eHTaTuBHi pe3ynbTaTit iMyHoricToxiMiuHoro BusierieHHs npoteiny S100; fo3abapBneHHs rematokcuniHom; a, b: x200; c: x400; a: 1 rpyna
(koHTponb); b: 2 rpyna; ¢: 3 rpyna; XOoBTi CTPINKK Ha a: MikpOaHEBPW3MU Ha BHYTPILLHII NOBEPXHI CiTKiBKM; 6iNi cTpinkuM Ha a: pagianbHi S100-N03UTHBHI BONIOKHA Y BHYTPILIHBOMY

nnekcueopMHOMY Luapi.

3abapsnioBanucs ixHi BigpocTku. Ha Tni nikyBaHHA MOXHa
6yno 6 ovikyBaTy BiQHOBMEHHS! LWNbHOCTI KNITUH, OAHaK
BUSIBNEHO HACTYNHE 3MEHLLEHHS LibOro NOKa3HuKa nopis-
HSIHO 3 iHTaKTHUMW TBapuHamu: y 5,1 pasa —y 2 rpyni,
y 9,7 pasa —y 3 rpyni (p < 0,05 ons 060ox NopiBHSHb).
IHTeHCUBHICTb 3abapBneHHs S100-N03UTUBHMX
KMITUH BHYTPILUHBOTO SAEPHOTO LWapy B KOHTPOMbHIN
rpyni NPOTATOM CrOCTEPEXEHHS NMOPIBHAHO 3 iHTAKTHU-
MU TBapuHamm 3HauyLlo 3binbwysanacs — B 1,4-1,6
pa3a, p < 0,05). BBegeHHs iHcyniHy He 3miHIOBano Len

Maronoris. Tom 21, Ne 3(62), BepeceHb — rpyaeHb 2024 p.

MOKa3HWK — BiH 3au1LLIABCS Ha BUXIHOMY PiBHi; 3aCTOCY-
BaHHS pa3oM 3 iHCyniHOM copadeHiby CnpUinHAMO oro
3HayyLle 3MeHLLeHHs (80 72,5 % Big PiBHS iHTAKTHUX
TBapwH, p < 0,05).

Omxe, AKLWO B KOHTpONi ekcnpecis npoteiHy S100 y
KniTmHax Mionnepa 3pocTana, TO KiflbKiCTb TakuX KMiTUH
3MeHLUyBanacs. Ha tni nikyBaHHs! TBApuH 3acikcoBaHO
3HWKEHHS | KinbkocTi S100-N03UTUBHUX KMITWH, W iHTEH-
cvBHocTi ekcripecii npoteiHy S100, wo 6inbLu BupaxeHe
y pasi BBeAEHHs1 copadheHiby pa3om 3 iHCyMiHOM.
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Puc. 5. CepeaHs LLiNbHICTb Ta iHTEHCUBHICTb 3a6apBneHHs (Y % A0 PiBHS IHTAKTHUX TBApWH)
S100-N03UTUBHWX KMITUH Y BHYTPILLHLOMY SiAEPHOMY LUapi CITKIBKW B iHTAaKTHWUX TBapWH, y 1 rpyni
(koHTpOnb) Ha 7, 28 #O6M Ta Yepe3 3 MicsiLli, @ Takoxk Yepe3 3 MiCsLL B EKCIEpUMEHTArbHIX Fpynax.
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Y pesynbTati HaLoro AOCIMKEHHS BU3HAYEHO TKaHUHHI
po3anogain ekcnpecii npoteiHy S100 y CiTKiBUi iHTAKTHNX
LypiB. IHTEHCMBHe 3abapBnEHHs Manwu Tina, BOMOKHA
acTpoUMTIB LLIapy HEPBOBUX BOSTOKOH | YUCTIEHHI OKPYTi,
NOMiroHanbHi KNITUHX BHYTPILWHBLOTO SiAEPHOTO Lapy
— kniTmHn Mionnepa. Bigpoctku knitTuH Mionnepa He
Manu no3WTUBHOTO 3abapBrneHHs, i Le CBiguMno npo
KOHCTUTYTVBHY COMaTUYHy nokanisaito npoteiny S100.

Bxe uyepes 7 ni6 amopenboBaHa rinepriikemis
CynpoBOMKYBanacs BUPaXeHOI aKkTuBaLieto ekcnpecii
npoteiHy S100 B acTpoumTax Ta iXHiX BONIOKHax B3OOBX
BHYTPILLHBOI NOBEPXHi CiTkiBkK. Lle 6yno nposiBom ix
paHHLOTO 3ary4eHHs y BiANoBiAb Ha MeTabonivHMI CTpec.
IMpv rinepriikemii came acTpOLMTI EKCMPECYIOTb YNCTIEH-
Hi 3ananbHi Meiatopu, akTopy POCTY, UMTOKIHW 1 iHLL
(hakTopw, LLIO MarTb Npo3anasibHWiA eChEKT | NOCUMIOTb
meTaboniyHe NOLLKOmKEHHS [22].

XapakTepHo Ta cneuudiyHow ans paHHboi [P
Oyna peakuis knitnH Mionnepa. Mo-nepLue, BOHM CyTTe-
BO 3binbLUyBanmcs 3a po3mipom, Habyeanw noniroHarb-
HOI BiZpoCTKOBOI hopmMu, a iHTeHcHBHE S100-N03NTUBHE
3abapBneHHs BUSBNANM He TiNbKM B iXHIX Tinax, ane iy
BiAPOCTKaX, L0 padianbHO nepeTuHamu citkisky. Lii au-
LLia XxapaKTepn3yBanm CTaH PeakTVBHOTO rMio3y CiTKIiBKY.

lMo-gpyre, WiNbHICTb TaKWUX KIITUH iICTOTHO 3MEHLLY-
Banacs. Ha Hally JymKy, Lie NMOB'Si3aHO 3 MOXIUBICTIO
iHTEHCMBHOTO anonTo3y TakuX KMiTWH, L0 33 YMOB aHaro-
riyHoi mogeni [IP nokasaHo B iHLLOMY AOCHIDKEHHi [23].

Omxe, nepeBaHTaXeHHs KniTuH Mionnepa kanbLiem,
MpO LLO CBIAYMno 36inbLlUeHHs ekcripecii npoteiny S100,
MOrfo ByTW MPUYMHOK iXHbOT anonTUYHOI 3arnbeni.
lMpoTsrom BCbOro CNOCTEPEXEHHS Taki 3MiHU MiATPUMY-
Banucs, i Lie CBig4MIo Npo NOCTiINHWIA XapakTep akTvBaLii
S100-no3uTtuBHOI Makpornii 3a ymos [IP.

Bigomo, wo actpountu Ta knituun Mionnepa He
rEHepYoTb NOTEHLiaNM Aii B3AOBX CBOIX BiApPOCTKIB, ane
[LlEMOHCTPYIOTb PEryNnboBaHe MiABULLEHHS BHYTPILLHBO-
KNITUHHOMO BMICTY KanbLijto, WO € cneundidHow ¢op-
Mot iXHbOI 36yanmBocTi [24]. Mpy OP rnioTuyHi KniTuHU
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Mionnepa matoTb maTonoriyHe 3Ha4YeHHs Ans iHOyKuii
HelpoaereHepaLii CITKiBKM BHACNigOK MOPYLUEHHS HUMM
[iernoHyBaHHs Kanito, MeTaboriamy rmyTamary Ta HaamipHoT
ekcnpecii aHrioreHHUx chakTopis [25]. € nigcTasy BBaxary,
LLI0 came HaMipHa aKTVBaLlist il Npu3BOAUTL O PO3BUTKY
Ta nporpecyBaHHs fiabeTnyHoI HelipoaereHepalLyii CiTkiBku
[26]. BignosigHo, BCTaHOBMEHE 30inbLUEHHST ekcnpecii
KarnbLji-38'a3yBanbH1X npoteiHis S100 cBigumno npo ixHio
aKTMBaLjito Ta 3anyyeHHs 40 MexaHismie natoreHesy [1P.
TpeTsa ocobnueicTs ekcnpecii npoteiny S100 y giabe-
TWUYHIV CiTKIBLI — NOsiBa NO3UTMBHO 3abapBreHnx nooau-
HOKVX OKPYITVX KIITUH Y 30BHILLHEOMY siAepHOMY Luapi. Lii
KniTuHW Mormv ByTu knitHamu Mionnepa, Lwo mirpysanu
MO CiTKIBLYi 3 YTBOPEHHSM KMITUHHUX (hibpoBaCKynsipHMX
nponichepatiB BHACNIAOK Tak 3BAHOTO rMianbHO-Me3eH-
ximanbHoro nepexogy (TpaHcamdepeHuiauii) KniTuH
Mionnepa y miodibpobnactu [27]. IHaykTOpPamm Lboro
sBMLIA € Hagekcnpecis TpoobnacTuyHoro aktopa
pocty (TGF-B) Ta VEGF. i npouec onocepenkoBaHum
¢hocopunioBaHHAM MITOreH-akTUBOBaHUX NPOTEIHKIHA3
Ta X BHYTPILUHBOKMITUHHUX CUTHAMbHUX LINSXIB, WO
6riokyBanocs iHribiTopamu npoTeiHkiHas [27].
Hapekcnpecis npoteiny S100 B acTpoumTax xapakTe-
pu3yBana ixHio akTuBaLjto, Lo 6e3 nikyBaHHA MOro cy-
MPOBOMKYBATUCS YTBOPEHHAM acTpoumTamn VEGF [2,24].
[po e CBigYMIn YMCneHHi MiKpoaHEBPU3MU B3LOBXK BHY-
TPILLHBOT NOBEPXHiI CITKIBKW Y TBAPWUH KOHTPOMBHOI rpyni.
BBeneHHs TBapuHam iHCyniHy CNPUYUHSANO KinbKiCHe
3MEHLLEHHS NposiBiB [P, Lo xapakTepHi 4515 KOHTPOMNbHOI
rpynu, a BBefeHHs copadeHiby LM nposisam 3anobirano.
CopadbeHi6 (BAY-43-9006, Nexavar®, Bayer) 3apeecTtpo-
BaHUI SiK NPOTUMYXIMHHWIA Npenapart [28]. 3a MexaHiaMom
[ii BiH € MYMBTUKIHA3HVM iHFGITOPOM BHYTPILLHBOKMITUHHNX
CYrHanbHMX KiHas, Lo Briokye nponicepaLito MyXIMHHUX
KniTvH [29]. Ha Tni MOro 3acToCcyBaHHS y TBapuH He
BMSIBNANM MOPAOMOriYHMX 03HaK po3suTKy [P, 3okpema
ocepeaKiB NaTororiyHoro aHrioreHesy Ta Mirpauii KnituH
Mionnepa. Buxogsum 3 po3yMiHHS NatonoriyHoi poni BHy-
TPILLHBOKIITUHHIX CUTHANMBHUX KackagiB y LX npoLecax,
06r'pyHTOBaHUM € BUCHOBOK MPO Te, LU0 OOHUM i3 Mexa-
Hi3miB Aii npenaparty € ranbMyBaHHs akTuBaLlii Makpormii
Ta ekcnpecii npoteitis S100, sike 3anobirano HagMipHil
akTuBaLji Ta 3arvbeni actpouuTis i kniTMH Mionnepa.
Pesynbtat goCnigxeHHs MOXHa BBaxaTu 00-
I'PYHTYBaHHAM [1151 HACTYMHOTO BMBYEHHSI MEXaHi3MiB
no3uTuBHOI Aii copadpeHiby npu [P, a #ioro 3acTocyBaH-
HSl — NaTOreHeTUYHO OBrPYHTOBaHUM Ans 3anobiraHHs
BUHWUKHEHHIO paHHix npossis [P,

BucHOBKM

1. Mpwn posBuTKy exkcnepumMeHTansHoi [IP excripecia
npoteiHy S100 y mioTMYHUX acTpoumTax i knituHax Mion-
nepa 3Ha4Ho 3pocTana 'y Tinax KIiTWH, | B IXHIX BigpocTKax.

2. HaBkono mikpoaHeBpu3m, Lo yTBOPIOBaNMCS Ha
BHYTPILLHi/ NOBEPXHi CiTkiBKM, S100-N03WTVBHI BONOKHA
acTpOLMTIB YTBOPIOBANMY LLiMbHi CKYMYeHHs. BusisneHo ok-
pemi S100-N03MTMBHI KNITUHW Y 30BHILLHIX LUApaXx CITKIBKA.

3. BBeaeHHs! Lypam iHCyniHy CNIPUYUHSAIO 3HKEHHS
ekcnpecii npoteiny S100, a 3acTocyBaHHs copadbeHiby
ranbmyBarno ekcrpecito binka S100, 3anobirano po3suTky
[P, peakTBHOrO rMio3y i MikpoaHeBpU3M.

Pathologia. Volume 21. No. 3, September — December 2024



MepcneKTMBY NOAAABLLMX AOCAIMKEHD. Y nonepeaHix
[OCHiMKEHHSX NOKa3aHo rinornikemivyHuin edpekT copade-
HiBy Npn MogentoBaHHi Liykposoro Aiabety i 1, i 2 Tuny.
BignosigHo, y HacTynHOMY [OCTIMKEHHI AOLUINbHUM €
3'acyBaHHs peakuii S100-no3uTuBHOI rmii 3a ymoB Moae-
MOBAHHA LIyKpoBOro Aiabety 2 Tvny i3 3acToCyBaHHAM
TpVBAasoi XWUPOBOI AiETW.
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Merta po6oTH - nigBULLEHHS SKOCTi XipyPriYHOro NiKyBaHHS Mionii Ta MiONIYHOTO acTUrMaT3My LUNSXOM YTOYHEHHS NoKa3aHb
[0 BUOOPY MeToAy KOpeKLiii Ha OCHOBI BUBYEHHS KpucTanorpadii Crboau.

Marepianu i meToan. HaBeieHo pesynbsraTi onepatvBHOrO NikyBaHHs 45 nauieHTis (90 oyent) i3 mionieto cnabkoro Ta cepes-
HbOTO CTYMEHIB i MioniYHMM acTurMaTuamom. MNavieHTam 3aificHunn kopekuito 3opy metogamm ReLEx SMILE, Femto Lasik
y KniHiLi cy4acHoi ogTanbmonorii «Bisycy (M. 3anopixoks), LWo € kniHiyHoto 6a30t0 kacheapw odtansmonorii 3anopiabkoro
AepxaBHOro Meauko-chapmaLieBTuyHoro yHiBepcutety. Cepen nauieHTie 20 (45 %) yonosikis i 25 (55 %) xiHOK BikoMm Bif
19 no 38 pokis (cepenHin Bik — 27,28 + 1,08 poky). XBopux noginunu Ha 2 rpynu: nepiia — 25 nauienTis (50 ouen), skum
BUKOHanM kopekuito 3opy metogoM ReLEx SMILE; gpyra — 15 oci6 (30 o4eint), sskum Kopekuisi 30py 3aiicHeHa MeToaoM
Femto Lasik. Ycim navuieHTam BUKOHanu cTaHgapTHi obTanbMonoriyHi 06¢cTexeHHs, pedpakLiiiHy fiarHoCTKy Ta kpucTa-
norpadito cnboau.

Pesyabtatu. Y nicnsionepauinHoMy nepiodi AeLLo 3MIHUIUCS po3TallyBaHHS Ta KinbKiCTb KPUCTanIB COMNEN LIeHTParbHOI 30HU.
Y nepuwi rpyni Ha 6 ovax (12,0 %) npotn 2 odeit (4,0 %) Ao onepadii, a Takox y Apyrii rpyni Ha 4 ovax (13,3 %) BuasuIm
MHOXWHHI XaOTUYHO pO3TaLLOBaHi YOTUPUKYTHI KpucTanu. Lie Moxe CBiguuTh Npo HE3HauHi 3MiHU B CONIbOBOMY KOMMOHEHTI
CI3HOI piavHK, Aewo BinbLL BUpaxeHi B 2 rpyni o4eil.

BucHoBku. [locnimkeHHs nokasanu He3HauHuin BNnMB pedpakuinHmx onepauiit Femto Lasik i ReLEx SMILE Ha 6inkoBo-
€NeKTPONITHWI CTaH cnboaw. MpoTsrom Micsus nicns pedpakuinHoi Xipyprii 6inkoBo-ComnbOBMIA Cknag Cnbo3u, 3a pesynsratamu
KpucTtanorpadii, NOBHICTIO BigHOBMOETLCA B 96,0 % nauieHTis, y KoTpux 3actocoBaHo Metoauky ReLEx SMILE, Ta B 86,7 %
XBOpYX, Y SKUX BUKOpMCTaHO MeToauky Femto Lasik (pisHuus goctosipHa, p < 0,05). Lie aae nigctasu Bigaaeatu nepeary
meToanui ReLEx SMILE, obupatoun MeToa KopekLii aHomaniv pecdpakLii, 0cobnneo Ha o4ax, Lo MarTb 03HaKV CUHAPOMY
CyXO0ro oka.

The impact of refractive technologies Femto Lasik and ReLEx SMILE
on the development of dry eye syndrome and the quality composition of tears
in eyes with myopia and myopic astigmatism

N. H. Zavhorodnia, Yu. Yu. Doroshenko, I. O. Poplavska

Aim. To improve the quality of surgical treatment of myopia and myopic astigmatism by refining the indications for the selection
of the correction method based on the study of tear crystallography.

Materials and methods. The article presents the results of the surgical treatment of 45 patients (90 eyes) with mild and moderate
myopia and myopic astigmatism, who underwent vision correction using ReLEx SMILE and Femto Lasik methods at the Visus
Clinic of Modern Ophthalmology (Zaporizhzhia). Among the patients, there were 20 (45 %) men and 25 (55 %) women aged
between 19 and 38 years (mean age 27.28 + 1.08 years). They were divided into two groups. The first group consisted of 25
patients (50 eyes) who underwent vision correction using the ReLEx SMILE method. The second group included 15 patients
(30 eyes) who underwent vision correction using the Femto Lasik method. All patients underwent standard ophthalmological
examinations, refractive diagnostics, and tear crystallography.

Results. In the postoperative period, the location and number of salt crystals in the central zone slightly changed. In the first
group, multiple randomly located quadrangular crystals appeared in 6 eyes (12.0 %) compared to 2 eyes (4.0 %) before sur-
gery. In the second group, these crystals were observed in 4 eyes (13.3 %), indicating minor changes in the salt component
of the tear fluid, slightly more pronounced in the second group.

Conclusions. The study showed a minor impact of Femto Lasik and ReLEx SMILE refractive surgeries on the protein-elec-
trolyte state of the tear. Within a month after refractive surgery, the protein-salt composition of the tear, according to crys-
tallography data, fully recovered in 96.0 % of cases where the ReLEx SMILE method was used and in 86.7 % of cases
where the Femto Lasik method was used (statistically significant difference p < 0.05). This allows for a preference for the
ReLEx SMILE method when choosing a correction method for refractive anomalies, especially in eyes showing signs of
dry eye syndrome.
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OpHieto 3 HavnowwwMperiwmx npobnem nicns nasepHoi
KOpEKLii 30py € PO3BMTOK Y MPOrPECYBaHHS CUHAPOMY
CyXOro oKa, SKuiA, SIKLLO He Byaie Npu3Ha4eHo aaekBaTHy
Tepanito, MoXe 3HVXyBaTh JOCATHYTUIA pedpakLinHni
pesynetar. BeaxaroTb, LU0 MOBIPHO MPUYUHOIO CYXOro
oka nicns Lasik un Femto Lasik € pyiHyBaHHS HepBOBKX
CNNeTiHb POriBKW Mif Yac OpPMyBaHHS POriBKOBOIO
KnanTs Ta noganbLloi ekcumepnasepHoi dotoabnsuii.
BcTaHOBNEHO 3HWXEHHS LWiNbHOCTI LEHTPanbHUX He-
pBOBWX BOMOKOH Ha 90 % y nepLui Kinbka MicsauiB nicns
onepatuBHUX BTpyYaHb 3a metoaom LASIK, wo cynpo-
BODKYETHCS 3HKEHHSM CEKPETOPHOI (hYHKLT CNb030BUX
3a5103 i 3ViHOK SKOCTI cnisHoi nniekm [1,2,3,4,5].

3 nosiBoto TexHonorii ReLEx SMILE, 3a gaHumu go-
CIMigHWKIB, 3MEHLUMBCS BNIUB pedpakLiiH1X BTpyYaHb Ha
MOBEPXHIO ONEPOBAHOTO OKa BHACMIZOK TOrO, L0 GinbLue
He Byno HeobxigHoCTi y hopMyBaHHi poriBKOBOTO Knarn-
19. Lle pae 3mory 36epertu HeyLwKomKEHUMI HEPBOBI
CMNETiHHA poriBku. LI TexHonoris cnpuse wsuaLomy
BiJHOBMEHHIO NALE€HTIB | MOBEPHEHHIO 4O 3BUMYHOTO
PUTMY XNTTS.

OpHak paHi npo pos3BWUTOK YM nepebir cuHapomy
CyXOro OKa Y Takux mauieHTiB, a 0cobnmBo npo 3miHu
6iNKOBO-eNEKTPONITHOrO Cknady Crnbo3u, NOOAMHOKI Ta
cynepeunusi [3,6,7]. Lle obrpyHTOBY€E AOUINBHICTL NpoO-
LLOBXEHHS1 JOCTIIKEHb Y LibOMY Hanpsimi.

MeTta pobotu

MiaBuMLLEHHS AKOCTI XipypriYHOro nikyBaHHS Mionii Ta
MiOMi4YHOMO aCTUrMaTU3My LLUMSIXOM YTOYHEHHS NMoKa3aHb
[0 Bbopy MeToay KopekLii Ha OCHOBI BUBYEHHS KpUCTa-
norpadii cnbosu.

Marepianu i meToAU AOCAIAKEHHA

lNpoaHaniayBanu pe3ynstaTv OnepaTuBHOMO NiKyBaHHS
45 nauienTiB (90 oyen) i3 mionieto cnabkoro Ta cepes-
HbOTO CTYMEHIB i MioniYHUM acTurmaTamom. MNauieHTam
3aincHUnmM kopexkuito 3opy metogamm ReLEx SMILE um
Femto Lasik y kniHidi cyyacHoi ogransmonorii «Bizycy»
(m. 3anopixoks), LLO € kniHiYHO Ga3oto kadenpy odTans-
mororii 3anopi3bkoro AepXXaBHOTO Meauko-hapmale-
BTVYHOTO YHIBEPCUTETY.

KpuTepii 3anyveHHs 0o AOCMIMXEHHS — HAsIBHICTb
mionii 1o -6 AnTp, MionivyHoro acturmatuamy 4o -4,0 anTp;
TOBLLUMHa porikv >500 MK; nignucaHa iHpopmoBaHa 3roga
Ha nasepHy KOpPEKLIito 30py Ta y4acTb y AOCHimKeHHI. Kpu-
Tepii BUKITIOYEHHS! — MiHIManbHa LEHTpanbHa TOBLUMHA
poriBkm MeHLwwe Hix 500 Mk; meTaboniyHi NopyLUEHHs,
3aXBOPOBaHHS LLMTOMNOAIGHOI 3a1031; FOCTPI Ta XPOHIY-
Hi 3amanbHi 3aXBOPIOBaHHSA OKa, IMaykoma, KatapakTa;
pedpakLiHi onepadii B aHamHesi.

Cepen navieHTiB 20 (45 %) qonosikiB i 25 (55 %) iHOK
Bikom Big 19 10 38 pokiB (cepeHil Bik—27,28 + 1,08 poky).

XBOpWX NOAINWUAW Ha ABi rPYNU 3arexHo Big MeToay
KopexLji aHomanin pecpakuii. Lo nepLuoi rpynm 3anyyunm
25 naujeHTiB (50 odeit), KM BUKOHaMM KOPEKLiK0 30py
metoom ReLEx SMILE. Y npoonepoBaHux Ui€i rpynu Ha
25 oyax (50 %) miarHocToBaHO MioNit CNAbKOro CTyneHs,
Ha 25 ovax (50 %) — cepenHboro cTyneHs. [lo Apyroi rpynu
3anyumnu 15 nauieHTis (30 oyen), kMM 3QINCHUNN KO-
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pekuito 3opy metogom Femto Lasik. Y umx xsopux mionis
cnabkoro cTyneHs BusieneHa 15 ovax (50 %), cepenHboro
CTyneHs — Takox Ha 15 o4ax (50 %).

Mpynu JocnimpkeHHs 3iCTaBHi 3a CTaTTHO, BikOM navli-
€HTIB, HEKOPUTOBAHOKO FOCTPOTOHO 30pY Ta pedpakLieto 3a
BUXiZHUMY JaHUMK. Bei obecTexeHi odi Manu kopurosaHy
rocTpoty 3opy 1,0, L0 BignoBigana nokasHnkam pedpak-
TomeTpii. CTaHOapTHWUI nicnsionepaLinHui cynposia B
060x rpynax nepenbayaB MiCLEBe 3aCTOCYBaHHS CTe-
poigHMX NpoTU3ananbHUX 3acobis, aHTMGaKTepianbHUX
npenapartiB i HaTpito rianypoHaty (0,15 %) y dopmi
OYHVX Kpanenb.

Ycim nauieHTam 3aiicHunn ctaHgapTHIi odpransmo-
NOrivHi 0BCTEXEHHS (Bi3OMETpIsi, aBTopedpakToMeTpis,
Giomikpockonisi, npsiMa odTanbMOCKONIs, NEPUMETPIS),
pedopakuiiiHy AiarHOCTKKY, sika BKIKOYana OLUiHIOBaHHS
GioMexaHi4YHMX BNacTUBOCTEW POriBKW i BUMIpIOBAHHS
BHYTPIiLUHbOOYHOrO TUCKy (BOT), Lo BMKOHaHe, Bpaxo-
BYIOUM iHOMBIAYyanbHi BNACTUBOCTI TKAHUH POTiBKMW, Ha
Ocular Response Analyzer (ORA) BpobHuLTBa Reichert,
CLUA), kepaToTonorpadito 3 naxiMmeTpi€to Ha AiarHOCTWY-
Homy anapari Orbscan llz (Bausch & Lomb Incorporated,
CLUA), onTuyHy KorepeHTHy Tomorpadito nepegHLoro
Bigpiska oka (Visante OCT, Karl Zeiss Mediatec, Himeu-
YmMHa), onTuyHy GiomeTpito onTuyHum GiomeTpom 10L
Master 700 (Karl Zeiss Mediatec, HimeuuunHa), a Takox
Kpuctanorpadito cnbo3n. PemTocekyHAHI BTPyYaHHs
BUKOHanW Ha nasepi Visumax (Carl Zeiss Mediatec,
HimeuumnHa). EkcumepnasdepHa YacTuHa KopekLii 3a Me-
Togom Femto Lasik BukoHaHa Ha nasepi Allegretto Wave
Light EX 500 (Alcon, CLLA).

[ocsirHeHHs pedpakUinHoro pesynsrary oLiHioBanm
yepes 10 aHiB i yepes 1 micaup nicns onepadii. Kpucra-
norpadito Crbo3u 3AiCHAIN Ha eTani pedpakLiiHoi ajia-
rHocTukm, Yepes 10 gHiB i yepes 1 micsaup nicns onepadji.

Kpuctanorpadito cnbosu, Wwo Aae 3mMory OUiHUTK
N ocmonspHicTb [8], BUKOHaNM 3a CTaHOApPTHOK Me-
Toaukow. Tak, CnisHy pignHy 3abupanu 3 HUXKHLOrO
KOH'IOHKTVBANbHOTO CKIENiHHA 3@ JOMOMOrOK KaHiomi
Ha iHcyniHoBoMy wnpuui B 06’emi 4o 10 mkn (ogHa
Kkpanns) 6e3 cTumynsii crnbo3onpoaykuii, Biapasy nepe-
HOCWIM Ha NONEPESHbO 3HEXMPEHE B CNIUPT-eddipHOMY
(1:1) pos4uHi npeagmeTHe ckno. Kpuctanisavis cnbosu
BiOyBanacs 3a KiMHaTHOI TemnepaTypy, 3Baxatun Ha
MOCTIilHY KOHBEPCIto NOBITPS. [icns 3aBepLUEHHS NpoLecy
Zerigpartauii kpanni CnisHoi pianHM Ha NOKPUBHOMY CKITi
yTBOptoBanacs dauis (cyxa nniska). Hagani agiicHunm
MaKpO- Ta MiKpOCKOMiYHE OLiHIOBaHHS ofepKaHuX dhaLlin
3 BUKOPUCTaHHAM CBiTNoBoro Mikpockona (Granum L 20,
Kuran) npu 36inbLenHi y 32 Ta 60 pasie. Kpuctanorpamu
onucyBanu, dotorpadyBanit Ta MPOTOKOMOBaNM.

OnucoBo pesynsraTty kpuctanorpadii oLiHioBanm 3a
kputepismmn M. Rolando [9], 3a SikuMm po3pisHSAOTb YOTUPK
TUNK KpUcTanisawii cnisHoi pigunHu: | Tun — kpucTtanorpama
CKI1aaeTbes 3 BEMMKUX FOMOrEHHIX KpUCTanis, Lo noait-
Hi 1O ManopoTi, pO3TaLLOBaHi YNopsiAKoBaHO, PO3rasyxy-
toTbCst ik AiepeBo; Il Tn — ApiBHiILLI 1 nooauHOKI KprcTany,
CXOXi Ha ManopoTb, i3 HE3HAYHUMK posranyxeHHamu; Il
TN — ManeHbki KpucTanw, NogibHi 4o nanopoTi, Marxe
HE MaloTb po3ranyXeHb, € YAMano MOPOXHIX AiMNSAHOK;
IV TMn — pucyHKy nanopoTi ToTanbHO HEMaE, NoAEKyan
BUSIBMSIOTb IMNOKM MyLIMHY.
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Puc. 1. Kpuctanorpama cnbosu B Hopi (I Tun 3a M. Rolando). 1: nepudepiynmii nosic xsuneno-
[RiGHWIA i3 PIBHOMIPHUAM po3TalLyBaHHSM TPILLMH; 2: MPOMIKHUA MOSIC NPeACTaBNeHin NoAiGHUMM
[10 NanopoTi KpUCTanamn 3 TOHKMMM Ta KOPOTKMMW OCbOBUMI MPOMEHSAMU; 3: Y LIeHTpanbHOMy
MOSACi — YOTMPHKYTHI KpUCTanu.
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Ockinbku Ui KpuTepii CTOCyHOTbCA NepeaycimM npo-
MiXXHOTO MOSICY KpucTarorpam, To MaTeMaTuyHWiA aHani3
AaHnx MopdornoriyHoi CTPYKTYpK haLlin Ci3HOT pignHK
3AiCHNNI, BPaxoBYH4M CMIBBIQHOLLEHHS NOSACIB KpUcTa-
nisauii 3a WMPUHOK Ta xapakTepom MOopOnorivyHoi
CTPYKTYPU KpUCTaniB Yy KOKHOMY 3 MOSICIB; BUKOpUCTanm
MeTOAWKY, Lo 3anponoHoBaHa H. I 3aBropogHboto,
O. A. Icakosoto [10].

CTyniHb MOLIMPEHHS NOSACIB 3anexas Bif AKICHOro
CKIagy Ta OCMOTUYHWX BMACTUBOCTEN CRi3HOI piguHw. g
4ac piBHOMIPHOIO BUNapOBYBaHHS PiAVHW 3 YCiE NOBEPXHI
Kpanni BiabyBaeTbCA HEPIBHOMIpPHA 3MiHa KOHLEHTpaLii
PO3YMHEHWX Y Hill PE4OBWH 3@ MOMEKYISIPHOK Macoio Ta
OCMOTUYHOK aKTMBHICTIO, LLIO BM3HAYaKTb HanpUKiHLi
KpucTaniaawii SK nosicyt 4u 30HM.

XapakTepHi CTpyKTypy KpucTanorpamu:

1. nepuepnyHUn Nosic, NpeacTaBneHnin KpucTanisa-
Liieto BYCOKOMONEKYMSIPHUX Cnonyk (Binkis);

2. NIPOMiXXKHWIA NOSiC, Y SikoMy BinOyBa€eTbCs 0fHOYacHa
KpucTanisauis conen i 6inka;

3. LUeHTparnbHa 30Ha — MicLe KpucTanisavii HU3bko-
MOEKYNSIPHUX PEYOBUH (COrnen).

Pesynbratit kpuctanorpadil ouiHioBanu 3a Takumm
napameTpamMu: KinbKicTb i CNiBBiAHOLLEHHS NOSICIB KpUCTa-
nigawlii, CTyniHb YiTKOCTI iX NOAINY; XapakTepucTuka nepu-
(hepryHOro Noscy KpucTaniaawlii; kpuctaniyHa cTpykTypa
MPOMIXXHOrO MOsiICY KpucTanisauii (3a Woro HasBHOCTI);
KpUCTaniyHa CTpyKTypa LieHTPparnbHOro nosicy.

[na HacTynHOro OLiHIOBaHHS SKICHOTO CKraay Cris-
HOT piguHU BUKOpUCTany GarnbHy CUCTEMY OLIIHIOBAHHS
kpuctanorpam [10], 3a SKOK KOXHIW O3HaLi Hagasanu
NeBHy KinbkiCTb H6anis.

30HM kpucTanisauii, ixHs xapakTepucTuka Ta Bigno-
BiHiCTb KinbkocTi 6aniB:

—Kpaioa (binkosa): vitka — 2 6anu, Hevitka — 1 6an,
Hemae — 0 Ganis; piBHOMipHe papianbHo-apkagHe po3-
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TallyBaHHs TPILUWH — 2 6anu, XaoTW4iHe po3TalllyBaHHS
TpiwwH — 1 6an, Hemae TpiwwmH — 0 6anis;

— NpoMiXKHa: YiTka — 2 6anu, Hevitka — 1 6an, Hemae
—0 6anis; HasBHICTb AEHAPWUTHMX CTPYKTYP TUMY NanopoTi
3 MHOXUHHUMW pO3ranyXeHHsaMuU — 2 Banu, HasiBHICTb
LEHOPUTHUX CTPYKTYP TUMY NanopoTi 3 AUXOTOMIYHUMU
posranyeHHamu — 1 6an;

— LeHTparnbHa (ConboBa): HasBHICTb MHOXUHHUX
YOTUPMKYTHUX KpUCTanis — 1 6an, KpucTanu posTaLLoBaHi
BMOPSAKOBAHO — 2 6anu, HasiBHICTb OAMHUYHUX YOTU-
PUKYTHWX KpucTanis — 2 6anu, Kpuctanu poaTalloBaHi
XaoTuyHo — 1 6an.

CniBBigHOLWEHHS nosiciB kpucTanisauii 1,0:3,5:3,0
(Hopma) Bignogigano ouiHui 1 6an; 3miHa cniBBigHOLIEH-
HS1 TOBLUMHM MOSICIB KpMCTani3aLlii MOpiBHSHO 3 HOPMOHK
-0 6anis.

HesBaxatoum Ha pi3HOMaHITHICTb KpycTanis, Lo dop-
MYHOTBCS BHACTIZOK BUCYLLYBAHHS ClbO3W, Lii OCHOBHI 30HU
B HOpMi 36epiratoTb CBOE po3TallyBaHHs (puc. 1), a kinb-
KicTb Ganis 3a LLkanoto B cepedHbOMyY CTaHOBUTL 12 6anis.

CraTncTyHO pesynsTaTy onpaLitoBanu 3 06paxyHKoM
CepenHLoro apudmeTyHoro BapiadinHoro psgy (M) Ta
CTaHAapTHOI MOMUMITKM (M). [nst MOPIBHAHHS KiMbKICHUX Be-
NNYMH y NapHUX psipax BukopucTany t-kputepii CTotoaeH-
Ta 3 nonepeaHiM OLHIOBaHHAM HOPManbHOCTI PO3MOAINY y
BapiaLiiHomy psay. AKLLIO po3noain AaHux y BUbipkax He
BiZNOBIAAB 3aKOHY HOPMarbHOCTI, 3aCTOCyBanu Henapa-
METPUYHUIA KpuTepii ManHa—BiTHi. BigMiHHOCTI BBaXanu
CTaTUCTVYHO AoCTOBIpHUMM Npu p < 0,05. CrcTemaTtuaaLiio
martepiany i 06paxyHkv AaHVX BUKOHAMNM, BUKOPUCTABLUM
Microsoft Excel 2017 Ta Statistica for Windows 13 (StatSoft
Inc., Ne JPZ8041382130ARCN10-J).

PesyAbTatn

Anania pesyneTartiB XipypriYHOro nikyBaHHsa Mionii Ta
MiOMiYHOTO acTUrMaTu3My MnokasaB: He3anexHo Bif
obpaHoro metogy KOpekuii Ha BCiX MpoonepoBaHuXx
0Yax JOCSArHyTO 3HAYHOrO MiABMLLEHHSI FOCTPOTU 30py
6e3 kopekLuii. Yepes 1 micsub cnocTepexeHb cepeqHi
MOKa3HWKM roOCTPOTM 30pYy B MEPLUiN rpyni, nauieHtam
AKoi 3acTocoBaHo Metoauky ReLEx SMILE, craHoBunmu
0,98 £0,01 Og (p < 0,05 NopiBHSAHO 3 BAXiZHUMM AaHUMK)
npw mionii cnabkoro ctynexsi Ta 0,98 £ 0,07 Og (p < 0,05
MOPIBHSIHO 3 BUXIAHMMM JaHWMM) NPy Mionii cepeaHboro
CTyneHs. Y Apyrin rpyni, B s XBOPUM 3LiMCHUNN BTPY-
YaHHs 3a meTogoMm Femto Lasik, BianoBigHi nokasHuku
popieHtoanm 0,98 + 0,01 Og npu mionii cnabkoro cTyneHs
1a 0,95 % 0,02 Og npu mionii cepeaHbOro cTyneHs (B 060x
Bunagkax — p > 0,05 NOpiBHAHO 3 BUXIQHUMMW AAHUMMK).

PesynbTrati BUBYEHHS 3aKOHOMIPHOCTEW CUCTEMHOI
opraisauji CrisHoi piguH npu kpuctanorpadii Ta ixHs
XapakTepucTvka B 6anax HaBefeHi B mabnuui 1.

3rigHo 3 pesynsTatamv SOCRIMKEHHS, [0 onepaTus-
HOTO BTPYYaHHS KpUCTanorpamu Crb03u He BigpisHANMcs
B MauieHTiB i3 4BOX rpyn, i 3aranbHa oujHka B Ganax
craHosuna 12,4 + 0,2 6ana B nepLwin rpyni ta 12,2 £ 0,1
6ana B gpyrin (p > 0,05). Ha 4 oyax (8,0 %) naujeHTiB i3
nepLLoi rpynu Ta Ha 2 o4ax (6,6 %) xBopux i3 Apyroi rpynu
BU3HAYMIM HEYITKi KOHTYPM KPaoBOi 30HU; Lie CBiAYMUTb
MPO He3HaYHi CTPYKTYPHI 3MiHKM Lie [0 pedpaKuiiHoro
BTPYYaHHSI.
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Puc. 2. Kpuctanorpama cnbosu nauieHta M. (2 rpyna cnoctepeskeHHst) yepes 1 micsiub nicns pedpakLiiHoi onepauii Femto Lasik: Hemae kpaitoBoi Ta LieHTpanbHOi 30H, € ApibHi
posranyxeHHs Bif kpuctanis, nogi6xi 4o nanopori (Il Tvn 3a M. Rolando).

Puc. 3. Kpuctanorpama cnboa nauieHta [l. (2 rpyna cnoctepexeHHs) yepes 1 micsub nicns pedpakuiitHoi onepadii Femto Lasik: nopyLueHo cniBBigHOLLEHHS NosiciB kpucTanisaii;
3MEHLUEHi PO3Mipu KpaioBOT 30HW 3 XaOTUYHUM PO3MILLEHHSIM TPILLMH; HEMaE YiTkol AudepeHLiaLii NPOMIKHOT Ta LIeHTPanbHOI 30H, 3MEHLLEHa KinbKiCTb AEHAPUTHUX CTPYKTYP,
HeMae XxapaKTePHX MHOXMHHIX PO3ranyXeHb 3a TUMOM NanopoTi; Y LEHTpanbHiit 30Hi Xa0TUYHO PO3TALLOBAHI MHOXMHHI YOTUpUKYTHI kpucTanu (IV Tun 3a M. Rolando).

Tabauusa 1. luHamika CTPYKTYpHWUX napameTpiB kpuctanorpadiyHoi dauii cnisHoi pignHu y 6anax Ao ta nicns pecpakuiiiHux BTpyYaHb MeTofamm
Femto Lasik Ta ReLEx SMILE y nauieHTiB 3 mionieto Ta MioniyHMM acTurmatnamom, n (%)

XapaKkTepucTuKa, KinbkicTb 6anis 1 rpyna (ReLEx SMILE), n = 50 2 rpyna (Femto Lasik), n = 30

o onepauii Yepes 10 gHiB | Yepes 1 micaub | Ao i Yepes 10 epe3 1 micsAub
nicns onepadii | nicns onepauji nicns onepauii | nicnsa onepauii

KpaitoBa (6inkoBa) 3oHa

Yitka, 2 6anu 46 (92,0 %) 46 (92,0 %) 46 (92,0 %) 28 (93,2 %) 22 (73,3 %)** 24 (80,0 %)*
Heuitka, 1 6an 4(8,0 %) 4(8,0 %) 4(8,0 %) 2 (6,6 %) 2(6,6 %) 2 (6,6 %)*
Hemae, 0 6anis - - - - 6 (20,0 %)** 4 (13,3 %)**#*
PiBHOMipHe pagianbHo-apkaaHe posTalLyBaHHs 50(100,0%)  50(1000%) 50 (100,0 %) 30 (100,0%)  24(80,0 %)* 26 (86,7 %)
TPiLWKH, 2 Gann

XaoTuyHe po3TallyBaHHs TpilLymH, 1 6an - - - - 6 (20,0 %)** 4 (13,3 %)**#

Hewmae TpiwmH, 0 6anis - - - - - -
MpomixHa 30Ha
Yitka, 2 6anu 50 (100,0 %) 50 (100,0 %) 50 (100,0 %) 30(100,0 %) 24 (80,0 %) 26 (86,7 %)
Heuitka, 1 6an - - - - - -
Hemae, 0 6anis - - - 6 (20,0 %)*# 4 (13,3 %) *#
HasBHicTb AeHAPUTHUX CTPYKTYP 3a Tunom nanopoti 50 (100,0 %) 48 (96,0 %) 48 (96,0 %) 30 (100,0 %) 26 (86,6 %)* 26 (86,6 %)**

3 MHOKVUHHUMW po3rarykeHHsiMu, 2 6ann
HasiBHICTb JeHAPUTHUX CTPYKTYP 3@ TUNOM NanopoTi  — 2 (4,0 %) 2(4,0%) - 4 (13,3 %)** 4 (13,3 %)**#

3 IUXOTOMIYHUMM PO3ranyxeHHsamu, 1 6an
LienTpanbHa (conboBa) 30Ha

HasiBHICTb OAMHUYHNX YOTUPUKYTHUX KpUCTaniB, 48 (96,0 %) 44 (88,0 %) 48 (96,0 %) 30 (100,0 %) 26 (86,7 %)* 26 (86,7 %)™
2 banu
HasiBHICTb MHOXMHHIX YOTUPUKYTHWX KpUCTanis, 2 (4,0 %) 6 (12,0 %) 2 (4,0 %) - 4 (13,3 %) 4 (13,3 %)
1 6an
KpucTanu poataluoBaHi BNopsiAkoBaHo, 48 (96,0 %) 44 (88,0 %) 48 (96,0 %) 30 (100,0 %) 26 (86,7 %) 26 (86,7 %)
2 banmn
KpucTanu posraluoBaHi XaoTu4Ho, 2 (4,0 %) 6 (12,0 %) 2 (4,0 %) - 4 (13,3 %)* 4 (13,3 %)™
1 6an

CniBBigHOLEHHA NosAciB
1,0:3,5:3,0 (Hopma), 1 6an 48 (96,0 %) 46 (92,0 %) 48 (96,0 %) 28 (93,3 %) 26 (86,6 %) 26 (86,6 %)
3MiHa cniBBigHOLIEHHS TOBLLUMHM MOSICIB 2 (4,0 %) 4 (8,0 %) 2 (4,0 %) 2 (6,7 %) 4 (13,3 %)** 4 (13,3 %)**#
KpucTaniaauii nopiHsHO 3 Hopmoto, 0 Banis

3aranbHa xapakTepucTuka, 6anu 12,4 +£0,2 11,5+0,2 11,9+0,2 12,2+0,1 1,4+01 11,7+ 0,1
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Y nicnsionepauiitHomy nepiogi kparoea binkosa 30Ha
Ha ovax nauieHTis i3 1 rpynm B 92,0 % Bunagkis (46 oyen)
i B 73,3 % Bunagkis (22 oka) 2 rpynn mana uitki Mexi Ta
npeacTaeneHa y opmi kinbLs, posgineHoro 6e3nivyo
papianbHux apkagHux TpiwuH. Ha 4 oyax (8,0 %), Ha
AKWUX BUKOHanu onepadito 3a metogom ReLEX SMILE, Ta
Ha 4 ovax (13,3 %), Ha KOTpKX BTPy4aHHs BUKOHAMM 3a
meToaukoto Femto Lasik, BUsSiBIIM 3MiHy CriBBigHOLLEHHS
nosICiB KpucTanisaLlii, xo4a 3ararnbHa xapakTepuctuka
kpucTanorpadii cnbo3v B 6anax Bignosigana HopMi.
Kpim Toro, y gpyrin rpyni B nicnsionepavinHomy nepiogi
BUSIBUMW KpUCTanorpamu, LWo He Manu 6inkosoi 3oHu (6
oueit, 20,0 %). Yepes 1 micaup nicna onepadii Ginkosy
30HY Ha KpucTanorpami nauieHTiB Liel rpynu He BUSBUNU
Ha 4 o4ax (13,3 %) (puc. 2). Lle cBiguuTb Npo Aeperynsuito
06MiHy BinKoBOro KOMMOHeHTa €rnbo3un. Ha uux cammux
04ax y XBOPUX 2 rpynu He BUSIBNIEHO NMPOMiIXKHY 30HY, a
KpucTanorpamu 3ararioM He Masnm YiTKoi CTPYKTYPHOI op-
raHisauii. 3asHaumMo, LLO Lii 3MiHKM 36epiranmcs NpoTsrom
micaus (puc. 3). XapaKkTepHO 03HaKOK KpawoBoi 30HU
dhauii cnisHoT pianHU Ha oYax nauieHTiB i3 2 rpynu, Ha
KpucTanorpamax sikux 3bepiranacs kparosa 30Ha, 6yno
XaoTUYHE pO3TaLLyBaHHS TPILLMH.

Y nepLiv rpyni nawjieHTiB, SKUM onepaTuBHe BTpY-
YaHHs 3aiicHunu 3a metogom ReLEx SMILE, B nicns-
onepauinHOMy Nepiofi He BUSIBNIEHO KpucTanorpam
cnbo3u 6e3 kpaioBoi (6inkoBoi) 3oHW. MNpomixHa 30Ha,
L0 XapaKkTepusye OJHOYAaCHY KpucTanisauito 6inkiB i
Ccoren, Ha Kpuctanorpamax nauieHTiB i3 Ljiei rpynm Yitko
BUpaXXeHa Ta NpeacTaBneHa AeHAPUTHUMY CTPYKTYpaMu,
Lo ModibHi 40 ManopoTi, 3 MHOXUHHUMU PO3rasy»eH-
HaMU. JTnwe Ha 2 ovax (4,0 %) BUSIBNEHO OMXOTOMIYHI
po3rany>eHHs1 AEHOPUTHUX CTPYKTYP.

NpoananidyBaBLuKn AMHAMIKY 3MiH Yy LEeHTpanbHin
30Hi KpucTanorpam cnbo3n 4o Ta nicna pedpakuiiHX
BTPYYaHb, 3ayBaXMMO: Ha BUXiGHOMY eTani, ik MpaBuno,
BOHa NpeLcTaBneHa MacCUBHYMY OAVHUYHUMM BMOPSIAKO-
BaHO PO3TALLOBAHUMU HYOTUPUKYTHUMM KpucTanamm (48
oueit (96,0 %) nauiexTis i3 1 rpynu Ta 30 ovent (100 %)
06CTeXEHMX i3 2 rpynu); Le KpucTanu coni xnopuay
HaTpito, KOHLEHTPALIA SKOro y LeHTpi dauii HameuLa.
Y nicnsionepauiHomy nepiodi Aewo 3MiHunMes poaTa-
LYBaHHS Ta KiNbKIiCTb KpUCTaniB conewt LeHTpanbHoi
30HM. B naujeHTiB 1 rpynu Ha 6 ouax (12,0 %) npoTu 2
oqeii (4,0 %) po onepalii Ta B XBOpUX 2 rpyni Ha 4 o4ax
(13,3 %) BMSIBNEHO MHOXWHHI XaOTU4YHO PO3TALLIOBAHI
YOTUPUKYTHI KpucTanu. Lle moxe CBigUNTM Npo He3HauHi
3MiHM B COMbOBOMY KOMMOHEHTI Ci3HOI pignHK, Aewo
BinbLL BUpaXeHi B NaLjeHTiB 2 rpynu.

06roBopeHHA

B ocTaHHi poku y npakTuyHiin odTanbmonorii akTyani-
3yeTbCst Npobrema AiarHoCTUKU CUHAPOMY CYXOro OKa.
HasBHICTb LbOro CMHOPOMY MOB'A3aHa 3 PisHNMK dhak-
TOpamu: TpyBanum nepebyBaHHAM Y KOHAULIOHOBaHUX
NPUMILLEHHAX, 3anaribHAMK CTaHaMK KOH'IOHKTVBK Ta
pOriBkK, 3aCTOCYBaHHSIM MEAMKAMEHTO3HVX Npenaparis,
HOCIHHSIM KOHTaKTHUX iH3 Towwo [9,11].

OcobrnuBo rocTpo us npobnema nocTae, Konm navieH-
TV 4N BUNPaBNEHHS Baz pedbpakLii CXunsTbes 4o 3a-
CTOCYBaHH$ pedpakuiHoi Xipyprii. PO3BUTOK cuHaPOMY

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

CyXOro OKa B nicnsionepaLiinHoMy nepiogi Moxe noripLum-
TV pedopakLinHWA pe3ynbTaT i 3HIBENOBATH NCUXOMOTIYHY
3a/10BOMEHICTb NavjieHTa. Ak NpaBmmno, CUHAPOM CyXOro
OKa y Takux XBOPYX MOB’A3aHUI i3 NOPYLLUEHHAM SKICHOrO
CKrnagy Crnbo3y, WO BXEe € [0 BUKOHAHHS Na3epHoi Ko-
pekuii. BTim, BiH MOXe BUHMKaTK | BeanocepeaHbo Ha T
nicnsionepawiiHux 3MiH, 0CoBIMBO B pasi BUKOPUCTAHHS
MeTOoAWK, Lo NepeadavatoTh AeeniTenisaLito porisku abo
dopmyBaHHs criena.

OcTaHHiIM Yacom po3pobneHo Garato meTogdiB Aj-
arHOCTUKN CUHAPOMY CyXOro OKa, L0 IPYHTYHOTbCS Ha
JOCniIKeHHi cnisHoi pignHn. Cnbo3a Mae CKnagHum,
6araToKOMMNOHEHTHMI BioXiMiuHWIA cknag, 3MiHW SKOro
BMIMBAKOTb Ha CTaH NMOBEPXHi OKa, PO3BUTOK i nepebir
CcUHApOMY cyxoro oka. Kpuctanorpadist — oauH 3 06’ek-
TUBHUX HEIHBA3WBHWUX METOMIB AiarHOCTUKK BinkoBo-
€reKTPONITHOrO CTaHy.

Ha kpucTtanorpamax, WO ogepxaHi 4o Ta nicns
pedpaKkuiiHnX BTpyYaHb i3 BUKOPUCTAHHSAM eHeprii
¢hemTOCEKYHOHOrO Nnasepa, BUSIBNEHO HE3HAYHI 3MiHM
6inKoBO-eNEKTPONITHOrO Cknagy Crbo3u, BinbL BUpa-
XeHi B pasi BuKkopucTaHHa TexHonorii Femto Lasik. Lli
[aHi 36iraloTbCst 3 pesynbratamu, siki oTpUMany iHLWi
aBTOPU, KOTPi 3p0BUNM BUCHOBOK MPO YacTiLLMIA PO3BM-
TOK CUHAPOMY CyXOro OKa Mpw BUKOPUCTaHHI TEXHOMOi
Lasik w1 Femto Lasik nopisHsiHO 3 meToamkol RelLEx
SMILE [3,7,8]. Pa3om i3 TuM, nokasaHo, L0 PO3BUTOK
CYHOPOMY CyXOro OKa MOXIIMBMI i Nicns Kopekuii Mionii
YM MioMivHOro acTurmaTtnamy 3a metogom ReLEx SMILE
[2,12]. Brim, 3MiHu BinkoBO-€NEKTPONITHOrO Cknazy Cris-
HOT PiAVHM Ha OCHOBI KpUCTaNorpagiYHoOI KapTUHKW dhaLlin
CNbO3V AeTanbHO HEe BUBYamW.

PesynbTatn aHanidy skiCHOro cknagy Crbosu
pedpakuiiH1X NawieHTiB 3a METOZOM KpucTtanorpadii y
nepezonepaLinHomy nepioAi caigyaTb NPo HE3HaYHi 3MiHK
y BinkoBO-eNEKTPONITHOMY CKnai Crbo3u y NaLjieHTIB 3
Mioni€to Ta MioMiYHUM acTMrMaTU3MOM A0 pedpaKLinHoi
xipyprii. Tak, cymapHa ouiHka kpuctanorpam y 6anax
cTaHoBuna 12,4 + 0,2 y nepwin rpyni Ta 12,2 £ 0,1y
Apyrivi (p > 0,05). Y nicnsionepadinHomMy nepioai 3aransbHa
XapakTepucTka kpuctanorpadii B 6anax B 06ox rpynax
CMOCTEPEXEHHS Maike He 3a3Hana 3MiH, Lo CBiOYUTb
MPO iAEHTUYHICTL BNAVBY NA3EPHOTO BUMPOMIHIOBAHHS
Ta TEXHIKM ONepaTMBHOIO BTPYYaHHS Ha AUHaMIKy 3MiH
y HaTUBHMX (hauisx cnbo3un. BTim, NeBHI NopyLIeHHs
apXITEKTOHIKW KpUCTaniB nepeBaxaroTb y rpyni naLieHTis,
kM Byna BrKkoHaHa kombiHoBaHa kopekuist Femto Lasik.
3okpema, kpavioBa binkoBa 30Ha Mana YiTki Mexi B 73 %
BWNaAKiB y Apyri rpyni npotn 92 % Bunagkis y nepLuii.
3ayBaxumo, Lo y 20 % XBOpYX 2 rpyni BUSBUIN KpUCTa-
norpamu 6e3 GifKOBOT 30HM, LLIO CBiAUMTb MPO MOPYLLEHHS
KpucTanisauii, a omke i BmicTy Ginkis. MNicns dpemTona-
3epHoi kopekuii ReLEx SMILE y Bcix Bunagkax He byno
NOpYLLUEHb apXITEKTOHIK/ MPOMIXHOT 30HM KpucTanorpam,
a 3MiHW LieHTparbHOi 30HK B 060X rpynax Bu3Havanm sk
Xa0TWYHO PO3TaLLOBaHi YOTUPUKYTHI KpUCTanu.

Pesynbraty, Wo oTpuManu nig vyac Lboro AoCHiLKeH-
HSl, BiQMOBIAAIOTb AaHUM iHLUMX aBTOPIB, KOTPi TaKOX
3p0oBunM BUCHOBOK NPO iICTOTHILLMI BNNMB KopekLii Lasik
yn Femto Lasik Ha cTaH cni3Hoi nniBkK, OCKINbKX Li Me-
ToAVKM NependavatoTb HOPMyBaHHS POTIBKOBOTO KNanTs
(cbnena), Wo NpM3BOAUTL A0 MOLUKOMKEHHS HEPBOBUX
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CTPYKTYp poriBku oka [2,3,7,9]. OTxe, y pesynsrari go-
CNiIKEHHS BUSIBUNW HE3HAYHWIA BNMB pedppakLiniHnX
onepaLin Femto Lasik i ReLEx SMILE Ha GinkoBo-enek-
TPONITHUIA CTaH CNbO3K.

BucHoBKU

1. Y xBopux Ha Mionito Ta MiONiYHUIA acTUrMaTuam
nepeBaXxHO BW3Ha4alTb HOpManbHUi BinkoBo-enek-
TPOMITHWIA CTaH Cnbo3u. Lle miaTBepmkeHo 3a faHuMu
Kkpuctanorpadii, i€ rapMOHilHi 3B’ A3K1 ENEMEHTIB PiauHM
SIK €AMHOTO (PYHKLOHANbHO aKTWBHOMO CepeaoBMLla
BUABNEHO Ha 95,55 % ouveil.

2. Nicnsa pedpakuinHnx onepaTMBHUX BTPyYaHb 3a
metoaukoto Femto Lasik abo ReLEx SMILE 3miHtoeTbCA
AKICHWI cknag cnisHoi pianHun. Ha 10 geHb nicns onepadii
Lie BUSIBNSIOTb 32 3MEHLLEHHSIM 3aranbHOi OLiHKV KpUCTa-
norpam y 6anax B cepeaHbLoMy Ha 7,64 % He3anexHo Big
MEeTOAY KOpeKLji.

3. Hanbinbw 3HavyLi 3MiHW B KpucTanorpamax
Cnbo3un B MicnsionepavinHomy nepioai BinbysaroTbes
B KpaunoBil 30Hi: iT 30BCiM HEMae abo BOHa HeuiTka,
po3TallyBaHHS TPILWMH XaoTuuHe. Lli 3amibu cigyatb
Mpo iCTOTHe MopYyLUEHHs! GiNKOBOI CKMaZoBOi CNbo3n Ta
BUSIBIEHI Tinbkn Ha ovax (n = 6, 20 %), Lo onepoBaHi 3a
meTtogom Femto Lasik.

4. Mpotsrom Mmicsusa nicns pedpakuinHoi xipyprii
6inkoBO-CONbOBWIA CKMaj CNbo3u, 3a pesynsratamu
KpucTanorpadii, noBHicTio BigHOBNOETLCS B 96,0 % na-
LlieHTIB, Y KOTpKX 3acTocoBaHo MeToanky ReLEx SMILE,
Ta B 86,7 % XBOpWX, Y SIKMX BUKOPUCTAHO METOAMKY
Femto Lasik (pisHuus goctosipHa, p < 0,05). Lie nae
nigcTaeu Bingasatu nepesary metoaui ReLEx SMILE,
06yparoum MeToa KopekLii aHomarnin pedpakLii, ocobnm-
BO Ha 04ax, L0 MalTb 03HaKN CUHAPOMY CyXOro OKa.
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The publication raises the issue of finding ways to reduce the level of thrombotic complications in patients with community-ac-
quired pneumonia associated with COVID-19.

Aim. To determine the effect of anticoagulant therapy on the immune and inflammatory response in patients with communi-
ty-acquired pneumonia associated with coronavirus infection.

Material and methods. An open, prospective, observational study was conducted in the period from January 2021 to February
2022 at the Kherson City Clinical Hospital named after Athanasius and Olga Tropin of the Kherson City Council, 143 patients
with community-acquired pneumonia aged 46 to 65 years who tested positive for SARS-CoV-2 were observed. To participate
in the study, patients signed a voluntary consent form.

Results. Patients with community-acquired pneumonia develop an immune-inflammatory response characterized by increased
levels of interleukin-6 and C-reactive protein, with significantly higher values of these biomarkers in combination with COVID-19.
Combination therapy is effective in reducing the levels of markers of the immune-inflammatory response Heparin at a dose
of 1000 IU/h is more effective in reducing the risk of death in patients with community-acquired pneumonia associated with
coronavirus infection than 100 U anti-Xa/kg (1 mg/kg) twice daily.

Conclusions. The results of our study showed that therapy with heparin is more effective than enoxaparin in reducing interleukin-6
levels within 72 hours (by -12.93 % vs -4.75 %, respectively, p < 0.05). Multivariate regression analysis determined that changes
in the levels of D-dimer, interleukin-6 and INR were independent predictors of adverse disease outcome.

Bnaue Tepanii, L0 BKAIOYAAQ aHTMKOAryASIHTH, Ha NOKa3HUKK iMyHO3anaAbHOI BiANOBIAi
Y XBOPUX Ha HerocnitaAbHy MHEBMOHIl0, acoLi0BaHy 3 KOPOHABiIPyCHOIO iHdeKLiED

C. C. Asrawuric

AKTyanbHUM 3an1LIAETLCS MOLLYK LUMSXIB 3MEHLLEHHS PiBHS TPOMOOTUYHMX YCKNaAHEHb Y XBOPUX Ha HErocnitanbHy nHeB-
MOHito, LL|0 acoLinoBaHa 3 COVID-19.

Merta poboTu - BU3HAUMTW BNNWB Tepanii, L0 BKtoYarna aHTUKoarynsHT1, Ha nokasHuky iMyHo3ananbHoi Bigno.iai y XBopux
Ha HerocniTanbHy MHEBMOHItO, aCOLiN0OBaHy 3 KOPOHABIPYCHO IHIEKLIE.

Marepianu i meToau. 3aicH1NM BigkpuTe, NPOCNEKTUBHE, 0bCepBaLliiHe AocnimkeHHs B nepioa 3 ciuHa 2021 go ntotoro 2022
poky Ha 6a3i KHI «XepcoHcbka Micbka kniHivHa nikapHsa MeHi AdaHacis i Onbri TponiHx» XepcoHcbKoi Micbkoi pagw. Mig
crocTepexeHHsM nepebysanm 143 XBOpKX Ha HerocniTanbHy MHEBMOHItO BikoM Bif 46 40 65 pokiB, siki Manv NO3UTUBHWIA TECT
10 SARS-CoV-2. [Ins yyacTi B gocnimkeHHi nauieHTv nignucany dopmy 4oOPOBINbHOI 3rogmn Ha y4acTb.

Pesynbrati. Y XBOPYX Ha HerocnitanbHy NHEBMOHIIO CNOCTepiran pO3BMTOK iMyHO3anarbHOI BiAMNOBIZj, LLO XapakTepy3yBanacs
NiABULLEHHSIM PiBHIB iHTepnelkiHy-6 Ta C-peakTuBHOro 6inka. 3Ha4eHHs Lux GiomapkepiB 4OCTOBIPHO BULL NpW NOEAHAHHI 3
COVID-19. KombiHoBaHa Tepanist € edheKTUBHOI A5 3HWKEHHS PIBHIB MapKepiB iMyHO3ananbHoi Bignosigi. lrenapuH y 4osi
1000 MO/rog edbekTHBHILLE 3HKYE PU3WK CMEpPTi B MaLiEHTIB i3 HerocnitanbHOK NHEBMOHIE, LU0 acoliioBaHa 3 KOPOHaBi-
pycHoto iHdekuijeto, Hix 100 MO aHTu-Xa/kr (1 Mr/kr) aidi Ha fooy.

BucHoBku. Pesynsraty JoCnimxeHHs nokaanu: Tepanis, Lo BKNoYana renapyH, eheKTUBHILLE NOPIBHSAHO 3 EHOKCANapuHOM
3HUXYE PiBHI iHTepnenkiHy-6 npotarom 72 roguH (Ha -12,93 % vs -4,75 % signosigHo, p < 0,05). 3rigHo 3 pesynstatamu
MYTbTUBaPIaHTHOrO PErpecinHoro aHaniay, He3anexHUMM nNpeayukTopaMut HeCNPUATAMBOTO Nepebiry 3aXxBoptoBaHHS € 3MiHN
piBHiB D-gumepy, iHTepnelikiHy-6 | MHB.

Severe pneumonia caused by COVID-19 has made
researchers aware of the seriousness of the medical prob-
lem. In addition to the known factors — age and comorbidi-
ties —that increase the risk of severe community-acquired
pneumonia (CAP) associated with coronavirus infection,
additional factors are being sought. At the beginning of
the pandemic, doctors around the world observed an
increase in blood clots and inflammation among patients
with COVID-19, which affected multiple organs and led
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to complications such as pulmonary insufficiency, heart
attack, and stroke [1,2,3].

The rate of thrombotic complications in patients with
COVID-19-associated CAP is high and may be associated
with a risk of adverse outcomes. A group of researchers
by A. S. Manolis et al. reported that the incidence of
thrombotic complications in COVID-19 cases occurs in
35 % of patients, which is associated with a risk of ad-
verse outcomes. In addition, pulmonary thrombotic events
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can occur even in patients already taking anticoagulant
therapy. The conclusion of the study by C. M. Niculae
et al. who analyzed 13 cohort studies including 4058
patients concluded that pulmonary thrombotic events in
patients with COVID-19 are more likely to be associated
with inflammation than with traditional risk factors for
thromboembolism, so this aspect should be taken into
account in the therapeutic approach [4,5].

The hypothesis of whether full-dose heparin is more
beneficial for the treatment of hospitalized adults with
COVID-19 compared to the usual lower dose of heparin
has been the basis for a number of clinical trials. At the
beginning of the pandemic, it was not known whether the
use of blood thinners at average therapeutic doses would
be sufficient or whether higher doses of anticoagulants,
which are regularly administered to hospitalized patients,
would be safe and more effective. Currently, researchers
are working as quickly as possible to publish the full results
of the studies so that clinicians can make informed deci-
sions about the treatment of their patients with COVID-19.
Research questions remain on how to improve clinical
care for patients with COVID-19 [6,7].

The immune status of the patients currently of
particular importance, as more and more data on the
immunopathogenesis of COVID-19 are becoming avail-
able. Multiorgan damage is triggered by a dysfunctional
immune response to the virus, which can persist in a
context similar to cytokine release syndrome. Studies
have reported elevated plasma levels of various inter-
leukins and chemokines in patients with COVID-19,
but it has been difficult to identify a pattern associated
with poor prognosis. Among cytokines, elevated levels
of interleukin-6 have been consistently reported in
patients with COVID-19, which correlates with disease
activity [8,9].

Cytokine homeostasis is significantly altered by
SARS-CoV-2. COVID-19 patients with hypoxic respira-
tory failures how signs of systemic hyperinflammation,
including the release of proinflammatory cytokines such
as interleukin-1 (IL), IL-6, IL-8 and tumor necrosis factor-a
(TNF-a), with increased concentrations of the acute phase
inflammatory protein C-reactive protein (CRP). There
lease of pro-inflammatory cytokines in combination with
respiratory failure caused by fibrin synthesis by fibroblasts
with subsequent formation of hyaluronic membranes in
lung tissues, as well as damage to type 2 alveolocytes,
is considered the main pathogenetic mechanism leading
to serious disorders of internal organs [10]. According to
D. M. Del Valle et al., serum levels of IL-6, IL-8, and TNF-a
at the time of hospitalization are strong and independent
predictors of survival in this cohort of patients [11].

Patients with severe COVID-19 are at high risk
of developing disseminated intravascular coagulation
syndrome and venous thromboembolism. The inclusion
of anticoagulant therapy, in particular with low-molecu-
lar-weight heparin, in the treatment of patients with severe
COVID-19 improves the prognosis of such patients. The
criterion for prescribing drugs may be cumulative changes
in the complete blood count (thrombocytopenia) and co-
agulation test (increased D-dimer level, prothrombin time).
Inthe absence of contraindications, low-molecular-weight
heparins are prescribed [12,13].
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Coronavirus COVID-19 is a complex respiratory and
systemic disease that can progress to severe inflamma-
tion, which can lead to a prothrombotic state. The bio-
markers of the immune-inflammatory response in patients
with CAP associated with coronavirus infection, both the
levels and dynamics of inflammatory markers, are being
studied to determine their usefulness in predicting the
course of the disease and evaluating the effectiveness
of treatment. From the foregoing, it becomes obvious that
the assessment of the dynamics of immune-inflammatory
response in patients with CAP associated with COVID-19
is relevant not only in a scientific but also in a practical
sense, which determined the purpose of this study [14,15].

Aim
To determine the effect of anticoagulant therapy on the
immune and inflammatory response in patients with

community-acquired pneumonia associated with coro-
navirus infection.

Material and methods

An open, prospective, observational study was conducted
in the period from January 2021 to February 2022 at the
Kherson City Clinical Hospital named after Athanasius
and Olga Tropin of the Kherson City Council, 143 patients
with community-acquired pneumonia aged 46 to 65 years
who tested positive for SARS-CoV-2 were observed.
To participate in the study, patients signed a voluntary
consent form.

Exclusion criteria for the study: pregnant women;
uncontrolled hypertension; hypertension of the third stage;
decompensated diabetes mellitus; congenital and ac-
quired hemodynamically significant heart defects; chronic
heart failure of the second and third stages; oncological
diseases; alcohol dependence, drug addiction, mental
disorders; patient’s refusal to participate in the study.

All patients were carefully examined for compliance
with the inclusion / exclusion criteria. The diagnosis of
community-acquired pneumonia was verified on the basis
of the adapted evidence-based clinical practice guide-
line “Community-acquired pneumonia in adults”, 2019.
COVID-19 was detected in accordance with Order No.
722 of the Ministry of Health of Ukraine dated 03/28/2020
as amended by Order No. 2122 of the Ministry of Health
of Ukraine dated 09/17/2020.

Within the framework of this topic, the author eval-
uated patients by anthropometric parameters, the state
of patients by PSI, CURB-65, quickSOFA scales, and
monitored oxygen saturation.

All patients received oxygen support. In both sub-
groups, oxygen support was provided by high-flow nasal
oxygen therapy.

Determination of interleukin-6, interleukin-10, hsCRP
was performed in blood plasma by enzyme-linked immu-
nosorbent assay using standard kits: “HF CRP-ELISA-
Best”, “IL-6-ELISA-Best”, “IL-10-ELISA-Best” according
to the attached instructions, in the certified laboratory of
the Kherson City Clinical Hospital named after Athanasius
and Olga Tropin of the Kherson City Council. The ELISA
method is based on an immunologic “sandwich” reaction.
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The content of IL-6 (IL-10, HF-CRP) in the test sample
was determined after interpolation of the actual data to
a standard calibration curve. The content of interleukin-6
(interleukin-10) in blood plasma was expressed in pg/mL,
the content of hsCRP in blood plasma was expressed
in mg/L.

At the inpatient stage of treatment, all patients
(n = 143) received oxygen therapy. Systemic corticoste-
roids were prescribed: dexamethasone 6 mg once daily.
Nonsteroidal anti-inflammatory drug ibuprofen: 400 mg
twice daily.

After randomization, 71 patients received standard
heparin at a dose of 1000 [U/h for 10 days and 72 pa-
tients received enoxaparin at a dose of 100 IU anti-Xa/kg
(1 mg/kg) twice daily for an additional 10 days at a dose of
1 mg/kg. The calculation of LMWH doses and the timing
of administration was carried out in accordance with Or-
der of the Ministry of Health of Ukraine No. 722 of March
28, 2020 “Organization of Medical Care for Patients with
Coronavirus Disease (COVID-19)".

The prescribed doses of LMWH were adjusted
based on the analysis of the results of INR, PTT, blood
fibrinogen, APTT, PI.

Interim study results were assessed on days 3 and
14 after randomization.

Remdesivir was also administered in the hospital:
a single dose of 200 mg on the first day and 100 mg
intravenously daily on the following days. Remdesivir
was administered to 31 patients in the first subgroup
and 32 patients in the second subgroup. Remdesivir was
administered within the first 5 days of disease onset. The
average treatment duration was 5 days.

The effectiveness of treatment was determined by
clinical evaluation, laboratory tests and functional tests.
The observation period was 30 days, and the endpoint
of the study was 30-day survival.

Statistical processing of the data obtained during the
study began with descriptive statistics, including the calcula-
tion of the median and interquartile range (Me [Q25; Q75]),
and the size of the analyzed subgroup (n). The data distri-
bution was determined using the Shapiro-Wilk test, and the
data obtained are presented as Me [Q25; Q75], since most
of them had a distribution that differs from the normal one.
When testing statistical hypotheses, the null hypothesis
was rejected at a statistical significance level of p < 0.05,
which corresponds to the values accepted in biomedical
research. All statistical procedures were performed using
the Apache OpenOffice (version 4.1.0, Apache Software
Foundation, U.S.A. Apache License 2.0.) and PSPP (ver-
sion 1.2.0, Free Software Foundation, U.S.A., GNU GPL
license) application packages.

Results

Using the adaptive randomization method, patients were
divided into two groups depending on the anticoagulant
prescribed. The groups of subjects were comparable in
terms of age and social status, as well as BMI, SpO, level,
duration of illness at the time of inclusion in the study, and
frequency of oxygen support, p > 0.05 (Table 1).

The coagulation parameters in patients of the first
subgroup (with heparin) and the second subgroup (with
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enoxaparin) were evaluated at screening and after 72
hours of treatment. The results are presented in Table 2.

During the screening, the PTT was compared be-
tween the first and second observation subgroups. No
significant differences in this indicator between the ob-
servation subgroups were found after 72 hours (p > 0.05).

At the beginning of treatment, the level of INR was
comparable between both subgroups. A statistically sig-
nificant difference in INR levels between the subgroups
was found after 72 hours of treatment.

There were no statistically significant differences
between the subgroups in total fibrinogen levels at screen-
ing. There were no statistically significant differences
between the subgroups in the level of total fibrinogen
after 72 hours of observation (p > 0.05).

During screening, the value of APTT was comparable
between the first and second subgroups. There were no
significant differences in APTT between the follow-up
subgroups after 72 hours (p > 0.05).

The dynamics of markers of the immune-inflammatory
response was determined after 72 hours. The results are
shown in Table 3.

At the beginning of treatment, there were no signifi-
cant differences in such an indicator as hsCRP between
the observation subgroups. There were no statistically
significant differences in this indicator between the sub-
groups after 72 hours (p > 0.05).

Both treatment subgroups had comparable values
of IL-6 at screening. The values of IL-6 after 72 hours
significantly differed between the first and second.

At baseline, the level of IL-10 (pg/mL) was compara-
ble between both subgroups. There were no statistically
significant differences in this indicator after 72 hours
between the two observation subgroups (p > 0.05).

During the screening of patients, there were no statis-
tically significant differences between the subgroups in the
level of IL-6/IL-10 ratio. There was a statistically significant
difference in the levels of IL-6/IL-10 ratio between the
subgroups after 72 hours.

We selected 4 indicators, assuming that they, re-
gardless of the magnitude of their variance, could be
predictors of the unfavorable course of severe APB. In
order to assess the significance of each of the selected
factors, the method of univariate logistic regression with
Wald'’s test (x?) was used.

Two datasets were used: the first one included
patients with severe COP, those who survived (n = 119)
and the second (n = 24) included those who died. During
the entire observation period, 24 patients died (15 died of
thrombotic complications, 9 died of respiratory failure). In
the first group there were 6 deaths, in the second group
there were 18 (8.5 % vs 25.0 %, 2 p =0.01). There were
10 deaths within 14 days (all patients died of thrombotic
complications).

The results of the logistic regression analysis are
shown in Table 4.

When analyzing the univariate logistic regression
model, it was found that such an indicator as AST was not
valuable in relation to the unfavorable course of severe
CAP. Only such indicators as the dynamic change of A3
days — INR, IL-6, D-dimer can have a predictive value
according to the univariate logistic regression model.
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Table 1. Comparison of the main characteristics of patient groups, Me [Q25; Q75], n = 143

Indicator, units of measurement Observation subgroups p-level
Groupl,n=71 Group Il, n =72

Age of patients, years 57.00 [53.00; 61.00] 59.00 [54.00; 63.00] 0.1
BMI, kg/m? 24.69 [23.38; 25.88] 25.22 [23.38; 25.99] 0.23
SpO,, % 92.00 [89.00; 94.00] 90.00 [87.50; 94.00] 0.24
Time from disease onset to hospitalization, days 5.00 [4.00; 6.00] 5.00 [3.00; 6.00] 0.69

Table 2. Dynamics of coagulogram parameters after 72 hours, Me [Q25; Q75], n = 143

Indicator, units of Observation subgroups p-level

measurement
Group l,n=71 Group Il, n =72
In 72 hours In 72 hours

Prothrombin time, s 10.90 [9.60; 11.60] 12.00 [11.00; 13.00] 11.15 [9.30; 11.80] 11.30 [10.00; 12.30] p,,= 0.640
p,,=0.001
A% = 12.50 [7.50; 17.27] A% = 6.03 [2.38; 8.81] P, = 0.001
1 50 [7.50; 17. % =6.03[2.38; 8. B, < 0.001
Prothrombin index, U 1.30 [1.20; 1.30] 1.30 [1.20; 1.40] 1.20 [1.15; 1.30] 1.30 [1.20; 1.40] p,,=0.820
p,,=0.001
o = . o = . (9., 0.001
A% =0.0[0.0; 8.33] A% =3.33[0.0; 8.33] P 0,560
INR, U 0.90 [0.80; 1.00] 1.20 [1.10; 1.30] 0.90 [0.80; 1.00] 1.10 [1.00; 1.30] p,,=0.910
p,.=0.001
A% = 25.00 [16.67; o = . p..=0.005

% = 25.00 [16.67; 30.77] A% = 19.09 [10.06; 27.27] 2™
p.. = 0.040
Total fibrinogen, g/ 4.80 [4.50; 5.40] 4.80 [4,60; 5,50] 4.85 [4.65; 5.50] 4.90 [4.65; 5.60] p,,=0.130
p,.=0.030
T . o - . P, = 0.004
A% =1.82(0.00; 2.27] A% = 1.8210.00; 3.93] P 000
Activated partial 26.70 [26.40; 27.90] 31.00 [29.00; 33.00] 26.80 [26.40; 28.40] 30.00 [28.00; 33.00] p,,= 0.570
thromboplastin time, p,,=0.001
seconds A% =11.82[6.79; 16.77] A% =10.64 [2.17; 16.62] Py, = 0.001
p,.=0.350

Table 3. Dynamics of markers of the immune-inflammatory response after 72 hours, Me [Q25; Q75], n = 143

Indicator, units of Monitoring subgroups p-level

measurement
Group1,n=71 Group 2,n =72
In 72 hours At screening In 72 hours

hsCRP, mg/ 19.10 [14.10; 20.00] 19.45 [15.50; 21.44] 18.10 [13.05; 19.85] 18.47 [15.77; 20.69] ,,=0.220
b= 0.001

o - : o _ p.2=0.001

A% = 5.66[1.82; 11.82] A% =6.91[0.62; 16.32] Pea 0200

IL-6, pg/ml 9.12 [8.12; 10.12] 8.01[7.07; 9.00] 9.05 [8.00; 10.17] 8.72[7.36; 9.55] .= 0.880
p,,=0.001

A% = -12.93 [-16.50; -5.20] A% = -4.75 [-7.32; -2.37] 2= WU

1 93 [16.50; -5. % =-4.75[-7.32; -2. by = 0.020

IL-10, pg/ml 4.66 [4.24; 5.14] 5.02 [4.56; 5.47] 4.83[4.28; 5.29] 4.97 [4.53; 5.46] p,,=0.140
P2 0,001

o . o _ b= 0.001

A% =5.12[2.16; 9.32] A% = 1.94 [0.74; 5.25] Pea 0000

IL-6/IL-10 1.91[1.70; 2.16] 158 [1.40; 1.78] 187 [163; 2.15] 1.70 [1.49; 1.97] p,,=0.240
p,,=0.001

A% = -18.96 [-26.96; -11.44] 1% = -8.00 [-11.51; 4.77] 2= DAL

1 96 [-26.96; -11. % = -8.00 [-11.51; 4. br=0.030

Table 4. Values of variants for the unfavorable course of severe COP according to the results of univariate regression

Indicator, units of Univariate model Multivariate model
measurement ..
p-level Coefficient Std. error p-level

AST A3 days, % 8.92 0.350

INRA3 days, % 18.47 0.020 0.15 0.045 0.001
IL-6A3 days, % 29.00 <0.001 0.49 0.155 0.002
D-dimerA3 days, % 21.23 0.007 -0.21 0.068 0.002
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Only these indicators reliably demonstrated the value
of the unfavorable course of severe AP and were sub-
sequently included in the multivariate logistic regression
model. dynamic changes in A3-day indicators — INR,
IL-6, D-dimer according to the results of the multivariate
logistic regression model were independent predictors of
the unfavorable course of severe AP.

Discussion

Heparin therapy suppresses reactions that lead to blood
clotting and fibrin thrombus formation. In addition to affect-
ing the coagulation cascade, heparin has many benefits,
including anti-inflammatory properties and endothelial
protection. In addition, heparin has many benefits and
may potentially have antiviral properties. According to the
results of scientific studies, heparin dramatically reduces
the amount of inflammatory mediators due to the “cytokine
storm”, reduces inflammation in the lungs, and prevents
coagulopathy and thrombotic complications. Given the
increased risk of coagulopathy, inflammatory markers, and
mortality associated with COVID-19, as well as the noted
benefits of heparin, its use in the treatment of patients
with moderate COVID-19 has become an important topic
of discussion in the current literature [16,17,18,19,20].

There are differences between the relative inhibition
of low fractionated heparin and low molecular weight
heparins of thrombin (factor lla) and factor Xa. Due to their
shorter chain length and molecular weight (4500-5000
Daltons), LMWH have relatively higher activity against fac-
tor Xa and less inhibition of thrombin. It is unclear whether
the proposed benefits of heparin are also present with
low-molecular-weight heparins, but LMWHs have a lower
incidence of complications, so enoxaparin is the most
commonly used drug in studies of coronavirus infection.
When used once or twice daily, it has a more predictable
anticoagulant effect than heparin, which reduces the need
for regular laboratory monitoring [21,22,23].

Our results coincide with the data of C. Shi et al. Sta-
tistical analysis of the levels of inflammatory cytokines in
the two groups of patients showed that IL-6 significantly
decreased in the heparin group compared to the control
group, while changes in other inflammatory factors were
not statistically significant [24]. Reducing IL-6 levels
can prevent the cytokine storm syndrome caused by
the virus, thereby improving the condition of patients
with COVID-19, which is consistent with the above data
[24,25].

Thus, the results of our study showed that heparin
significantly reduces 30-day mortality in patients with
NSTEMI with COVID-19 and significantly reduces levels
of inflammatory mediators. Our analysis shows that
heparin can improve the prognosis of patients. Although
the study has limitations, as it includes a small number
of patients and no patients with comorbidity, it is reason-
able to recommend the use of heparin for patients at low
risk of bleeding, while others use enoxaparin to prevent
thrombotic complications. In addition, our analysis further
identifies the need for future well-designed, high-quality
randomized controlled trials to provide additional gui-
dance on the role of anticoagulation in the treatment of
COVID-19.

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

Conclusions

1. Combination therapy is effective in reducing the
levels of markers of the immune-inflammatory response.

2. Combination therapy, including heparin, was more
effective in reducing IL-6 levels after 72 hours.

3. Dynamic changes in A3 days of INR, IL-6, D-dimer
according to the results of a multivariate logistic regression
model are independent predictors of the unfavorable
course of severe CAP associated with coronavirus
infection.

Prospects for further research. The study of the role
of the immune-inflammatory response in patients with
community-acquired pneumonia associated with coro-
navirus infection remains the subject of further research.
Determining the levels of inflammatory biomarkers that
would indicate the progression and adverse course of the
disease requires further research, which will help optimize
patient treatment.

Conflicts of interest: authors have no conflict of interest to declare.
KoH®iKT iHTepeciB: BiaCyTHil.

Haairwaa ao peaakuii / Received: 13.05.2024
Micas poonpauroBaHHs / Revised: 18.11.2024
CxBaneHo Ao Apyky / Accepted: 22.11.2024

Information about the author:

Avhaitis S. S., MD, Postgraduate Student of the Department of
General Practice - Family Medicine, Psychiatry and Neurology,
Educational and Scientific Institute of Postgraduate Education,
Zaporizhzhia State Medical and Pharmaceutical University,
Ukraine.

ORCID ID: 0009-0003-1288-4114

Biaomocrti npo aBTopa:

Agratric C. C., acnipaHT Kad. 3araAbHOi NPaKTUKK — CIMENHOT
MeAULMHK, NcuXiaTpii Ta HeBpoAorii, HaBYaAbHO-HayKOBUI
IHCTUTYT NICASIAMNAOMHOI OCBITH, 3aN0Pi3bKUIA AEPXaBHUI MEANUKO-
(bapMaLeBTUUHWI yHiBepcHTeT, YkpaiHa.

References

1. Yin S, Huang M, Li D, Tang N. Difference of coagulation features
between severe pneumonia induced by SARS-CoV2 and non-SARS-
CoV2. J Thromb Thrombolysis. 2021;51(4):1107-10. doi: 10.1007/
$11239-020-02105-8

2. Lazaridis D, Leung S, Kohler L, Smith CH, Kearson ML, Eraikhuemen
N. The Impact of Anticoagulation on COVID-19 (SARS CoV-2) Patient
Outcomes: A Systematic Review. J Pharm Pract. 2022;35(6):1000-6.
doi: 10.1177/08971900211015055

3. Mackman N, Antoniak S, Wolberg AS, Kasthuri R, Key NS. Coagula-
tion Abnormalities and Thrombosis in Patients Infected With SARS-
CoV-2 and Other Pandemic Viruses. Arterioscler Thromb Vasc Biol.
2020;40(9):2033-44. doi: 10.1161/ATVBAHA.120.314514

4. Manolis AS, Manolis TA, Manolis AA, Papatheou D, Melita H. COVID-19
Infection: Viral Macro- and Micro-Vascular Coagulopathy and Throm-
boembolism/Prophylactic and Therapeutic Management. J Cardiovasc
Pharmacol Ther. 2021;26(1):12-24. doi: 10.1177/1074248420958973

5. Niculae CM, Gorea ME, Tirlescu LG, Constantin RA, Moroti R, Hristea
A. Pulmonary Thrombosis despite Therapeutic Anticoagulation in
COVID-19 Pneumonia: A Case Report and Literature Review. Viruses.
2023;15(7):1535. doi: 10.3390/v15071535

6. Longhitano 'Y, Racca F, Zanza C, Muncinelli M, Guagliano A, Peretti E,
etal. Venous Thrombo-Embolism in Hospitalized SARS-CoV-2 Patients
Treated with Three Different Anticoagulation Protocols: Prospective
Observational Study. Biology (Basel). 2020;9(10):310. doi: 10.3390/
biology9100310

7. Loffi M, Regazzoni V, Toselli M, Cereda A, Palmisano A, Vignale D,
et al. Incidence and characterization of acute pulmonary embolism in

Pathologia. Volume 21. No. 3, September — December 2024


https://orcid.org/0009-0003-1288-4114
https://doi.org/10.1007/s11239-020-02105-8
https://doi.org/10.1007/s11239-020-02105-8
https://doi.org/10.1177/08971900211015055
https://doi.org/10.1161/ATVBAHA.120.314514
https://doi.org/10.1177/1074248420958973
https://doi.org/10.3390/v15071535
https://doi.org/10.3390/biology9100310
https://doi.org/10.3390/biology9100310

20.

21.

22.

23.

24.

25.

patients with SARS-CoV-2 pneumonia: A multicenter Italian experience.
PLoS One. 2021;16(1):e0245565. doi: 10.1371/journal.pone.0245565
Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.
2020;395(10223):497-506. doi: 10.1016/S0140-6736(20)30183-5.
Erratum in: Lancet. 2020;395(10223):496. doi: 10.1016/S0140-
6736(20)30252-X

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson
JJ, etal. COVID-19: consider cytokine storm syndromes and immuno-
suppression. Lancet. 2020 Mar 28;395(10229):1033-4. doi: 10.1016/
S0140-6736(20)30628-0

Hu Y, Deng H, Huang L, Xia L, Zhou X. Analysis of Characteristics in
Death Patients with COVID-19 Pneumonia without Underlying Dis-
eases. Acad Radiol. 2020;27(5):752. doi: 10.1016/j.acra.2020.03.023
Del Valle DM, Kim-Schulze S, Huang HH, Beckmann ND, Nirenberg S,
Wang B, et al. An inflammatory cytokine signature predicts COVID-19
severity and survival. Nat Med. 2020;26(10):1636-43. doi: 10.1038/
541591-020-1051-9

Makarem A, Zareef R, Abourjeili J, Nassar JE, Bitar F, Arabi M. Low
molecular weight heparin in COVID-19: benefits and concerns. Front
Pharmacol. 2023;14:1159363. doi: 10.3389/fphar.2023.1159363
Alsagaff MY, Mulia EP, Maghfirah I, Azmi Y, Rachmi DA, Yutha A, et
al. Low molecular weight heparin is associated with better outcomes
than unfractionated heparin for thromboprophylaxis in hospitalized
COVID-19 patients: a meta-analysis. Eur Heart J Qual Care Clin Out-
comes. 2022;8(8):909-18. doi: 10.1093/ehjgcco/qcac046

Blagoeva V, Hodzhev V, Dimova R, Stoyanova R, Bahariev D. Predic-
tors of a severe course and mortality in patients with COVID-19-associ-
ated pneumonia. Folia Med (Plovdiv). 2024;66(1):59-65. doi: 10.3897/
folmed.66.e111124

Zobel CM, Wenzel W, Kriiger JP, Baumgarten U, Wageldhner T,
Neumann N, et al. Serum interleukin-6, procalcitonin, and C-reactive
protein at hospital admission can identify patients at low risk for
severe COVID-19 progression. Front Microbiol. 2023;14:1256210.
doi: 10.3389/fmicb.2023.1256210

Bonaventura A, Vecchié A, Dagna L, Martinod K, Dixon DL, Van Tassell
BW, et al. Endothelial dysfunction and immunothrombosis as key patho-
genic mechanisms in COVID-19. Nat Rev Immunol. 2021;21(5):319-29.
doi: 10.1038/s41577-021-00536-9

Conway EM, Mackman N, Warren RQ, Wolberg AS, Mosnier LO, Camp-
bell RA, et al. Understanding COVID-19-associated coagulopathy. Nat
Rev Immunol. 2022;22(10):639-49. doi: 10.1038/s41577-022-00762-9
Thachil J. The versatile heparin in COVID-19. J Thromb Haemost.
2020;18(5):1020-1022. doi: 10.1111/jth.14821

McGonagle D, O'Donnell JS, Sharif K, Emery P, Bridgewood C. Immune
mechanisms of pulmonary intravascular coagulopathy in COVID-19
pneumonia. Lancet Rheumatol. 2020;2(7):e437-e445. doi: 10.1016/
$2665-9913(20)30121-1

Avgaitis S, Sid E. [Activation of the immune-inflammatory response
among patients with community-acquired pneumonia associated
with coronavirus infection]. Actual Problems of the Modern Medicine:
Bulletin of Ukrainian Medical Stomatological Academy. 2024;24(1):4-9.
Ukrainian. doi: 10.31718/2077-1096.24.1.4

Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment
is associated with decreased mortality in severe coronavirus disease
2019 patients with coagulopathy. J Thromb Haemost. 2020;18(5):1094-
9. doi: 10.1111/jth.14817

Nutescu EA, Burnett A, Fanikos J, Spinler S, Wittkowsky A. Erratum
to: Pharmacology of anticoagulants used in the treatment of venous
thromboembolism. J Thromb Thrombolysis. 2016;42(2):296-311.
doi: 10.1007/s11239-016-1363-2. Erratum for: J Thromb Thrombolysis.
2016;41(1):15-31. doi: 10.1007/s11239-015-1314-3

Hanff TC, Mohareb AM, Giri J, Cohen JB, Chirinos JA. Thrombosis
in COVID-19. Am J Hematol. 2020;95(12):1578-89. doi: 10.1002/
ajh.25982

Shi C, Wang C, Wang H, Yang C, Cai F, Zeng F, et al. The Potential of
Low Molecular Weight Heparin to Mitigate Cytokine Storm in Severe
COVID-19 Patients: A Retrospective Cohort Study. Clin Transl Sci.
2020;13(6):1087-95. doi: 10.1111/cts.12880

Cherkaskyi VV, Riabokon OV, Riabokon YY. The clinical and prognostic
role of changes in parameters of the hemostasis system and C-reactive
protein in the development of thrombotic complications in oxygen-de-
pendent patients with coronavirus disease (COVID-19). Pathologia.
2023;20(1):27-35. doi: 10.14739/2310-1237.2023.1.274921

Maronoris. Tom 21, Ne 3(62), BepeceHb — rpyaeHb 2024 p.

OpwuriHaAbHiI AOCAIAXKEHHS

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

243


https://doi.org/10.1371/journal.pone.0245565
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30252-X
https://doi.org/10.1016/S0140-6736(20)30252-X
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/j.acra.2020.03.023
https://doi.org/10.1038/s41591-020-1051-9
https://doi.org/10.1038/s41591-020-1051-9
https://doi.org/10.3389/fphar.2023.1159363
https://doi.org/10.1093/ehjqcco/qcac046
https://doi.org/10.3897/folmed.66.e111124
https://doi.org/10.3897/folmed.66.e111124
https://doi.org/10.3389/fmicb.2023.1256210
https://doi.org/10.1038/s41577-021-00536-9
https://doi.org/10.1038/s41577-022-00762-9
https://doi.org/10.1111/jth.14821
https://doi.org/10.1016/S2665-9913(20)30121-1
https://doi.org/10.1016/S2665-9913(20)30121-1
https://doi.org/10.31718/2077-1096.24.1.4
https://doi.org/10.1111/jth.14817
https://doi.org/10.1007/s11239-016-1363-2
https://doi.org/10.1007/s11239-015-1314-3
https://doi.org/10.1002/ajh.25982
https://doi.org/10.1002/ajh.25982
https://doi.org/10.1111/cts.12880
https://doi.org/10.14739/2310-1237.2023.1.274921

Original research

UDC 616.716.4-007-089.843-003.93-076.4/.5-092.9
DOI: 10.14739/2310-1237.2024.3.312862

Dynamics of regeneration following transplantation of octacalcium
phosphate into an experimental defect in the rabbit mandibular bone:
electron microscopic and morphometric study

I. V. Chelpanova®*

Danylo Halytsky Lviv National Medical University, Ukraine

Keywords:
mandible,
dentoalveolar
apparatus, bone
tissue, bone
regeneration,
osteoplastic
materials,
morphometric
study, scanning
electron microscopy,
rabbits.

Pathologia.
2024;21(3):244-252

*E-mail:
ilona.med75@gmail.com

KatouoBi croBa:
HWXHS LieAena,
3yboLLenenHuii
anapar, KicTkoBa
TKaHWHa,
pereHepauis
KiCTKOBOI TKQHMHM,
0CTEONAACTUYHI
martepiaau,
MOpPdOMETPUYHE
AOCAIAKEHHS,
CKaHyBaAbHa
ENEKTPOHHA
MiKpOCKonif,
KPOAVIKM.

Naronoris. 2024.
T. 21, Ne 3(62).
C.244-252

244

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

The relevance of this research lies in the in-depth exploration of bone tissue remodeling dynamics following the creation of
a defect and its filling with osteoplastic material. Despite the known results of osteoplastic materials application in clinical
practice, complete and high-quality regeneration of the maxillofacial bone, its mechanisms and dynamics remain incompletely
understood, requiring further clarification and detailed study.

Aim. The aim of this study is to determine the dynamics of histoarchitectural changes in the bone-ceramic regenerate after
transplantation of octacalcium phosphate into an experimental defect in the rabbit mandible.

Materials and methods. Adult male rabbits aged 6—7 months and weighing 2.5-3.0 kg were used for the study. The control
group consisted of animals with a bone defect that healed under a blood clot. The experimental group consisted of rabbits in
which the bone defect was filled with an osteotropic material containing octacalcium phosphate. Post-traumatic bone tissue
status within the defect area was monitored for 84 days. Ultrastructural changes were studied using transmission and scanning
electron microscopy. To determine changes in the regenerate composition, three parameters were counted. The data was
analyzed using the Student’s t-test, and a difference at p < 0.05 was considered statistically significant.

Results. Studying the surface relief characteristics of the experimental bone defect in the lower jaw after implantation of the
octacalcium phosphate material revealed numerous regenerative changes that occurred after the injury and correlated with
the dynamics of changes in the relative area of bone tissue, osteoplastic material, and connective tissue in the regenerate.
Morphometric analysis of the relative area of the regenerative components of the experimental defect established a phased
nature of the dynamics of the studied changes. It was established that the osteocytic lacunar-canalicular system formed after
implantation of the material acquired features of typical structure. Foci of incomplete osteogenesis were not visualized. Unlike
control animals, in the zone of the outer bone plate after application of the octacalcium phosphate material, the osteons of the
regenerate in their structure and geometry did not differ from the typical structure of the maternal bone.

Conclusions. It was established that in the experimental group of animals where the defect was filled with octacalcium
phosphate material, a regular increase in the relative area of bone tissue in the regenerate was observed, which in terms of
dynamics was similar to that in the control group, however, in terms of intensity of changes it significantly differed from the
control, approaching the norm in terms of the studied indicators.

AvHamika pereHepaLii nicAq TpaHcnAaHTaLji OKTakaAbuindocdary
B eKCnepuMeHTaAbHUK AePEKT HUKHBOI LEeAeNnH KPOAUKa:
E€AEKTPOHHOMIKPOCKOMNiuHe Ta MOPPOMETPUUHE AOCAIAKEHHSA

l. B. YennaHoBa

AKTyanbHUM 3anuLLIaETbCs BUBYEHHS AMHaMiki nepeby/aoBm KiCTKOBOI TKaHUHM MICMSt HAHECEHHS AeEKTY Ta 3anOBHEHHS
11010 MOPOXHIHW OCTEONNACTUYHM MaTepianoM. Hessaxarouu Ha Bxe BioMi pesynbTaTi 3aCTOCYBaHHS OCTEONMACTUYHUX
marepianis y KniHiYHiA NpakTuLi, NOBHA Ta siKicHa pereHepaLlis KiCTOK LLenenHo-N1UeBoi AinsHkY, i MexaHiamu Ta anHamika
3anuLIaloTbCs OCTaTOYHO He 3'COBaHMMM, MOTPeOyIOTh YTOYHEHHS | AeTaniaadlii.

Meta po60TH - BU3HAUMTV AMHAMIKY TiCTOapXiTEKTYpHUX NepebyaoB KiCTKOBO-KepamiYHOMO pereHepary nicns TpaHcnnaHTavii
OKTakarnbLindocdary B eKcrnepymMeHTanbHui 4edekT HMXKHBOI Lenenm Kponuka.

Marepianu i MmeToau. [loCnigKeHHs 3aiCHUIM Ha CTaTEBO3PINMX Kponmkax-camusix Bikom 6-7 micsuis, maca Tina — 2,5-3,0 kr.
[0 KOHTPOMbBHOI rPyNK YBINLLMM TBAPWHM 3 4EEKTOM KICTKOBOI TKaHWHW, LLIO 3aroloBaBcs nig KpoB'sHUM 3rycTkoM. [lo ekcne-
PUMEHTaILHOI rPYNKU BKITIOYUIN KPOMWKIB, Y SIKMX KICTKOBWIA AedeKT 3anoBHIOBaN OCTEOTPOMHUM MaTepiarioM 3 oKTakasb-
uincocdartom. KoHTponb NOCTTpaBMaTUYHOMO CTaHy KiCTKOBOI TKaHUHU B AiNsHUi AedekTy 3aincHioBany Bnpogosx 84 aio.
YNbTPacTpyKTYpHi 3MiHW BUBYANW 3 BUKOPUCTAHHSAM TPAHCMICIHOT Ta CKaHyBaribHOT eNeKTPOHHOI MiKpockonii. [Jns BUSHaYeHHs
3MiH CKnagy pereHepary Bu3Havanu Tpu napametpu. [aHi npoaHaniaysanm 3a gonomoroto t-kputepito CTblogeHTa, pisHALI0
npu p < 0,05 BU3HAYMAW SK CTATUCTUYHO 3HAYYLLY.

PesyabTatu. Y pesynsrari LoCnimKeHHs 0cobnmBoCTeN penbedyy NOBEPXHI EKCNEPUMEHTASTbHOTO KICTKOBOO AeEKTY HUKHBOI
Lenenu nicns iMnnaHTawii matepiany 3 oktakanbLiidochaTom BUSBUNW YUCTIEHHI pereHepaLliiHi 3mMiHu, Lo Biadynucs nicns
HaHEeCEeHHs TpaBMU Ta KOpestoBanu 3 AWHaMIKOK 3MiH BiGHOCHOrO 06’'eMy KICTKOBOI TKaHWHM, OCTEONNACTUYHOMO MaTepiany
Ta Crony4HoI TKaHWHK B pereHepari. MopdomMeTpuyHe BUBYEHHS BiGHOCHOTO 06’'€My KOMMOHEHTIB pereHepary ekcrnepumeH-
TanbHoro AedbekTy farno 3mory 3pobuTi BUCHOBOK Mo ha30BMii XapaKTep AnHaMIkv 3MiH. BcTaHoBReEHO, Lo ocTeouuTapHa
naKyHo-KaHanbLeBa cucTeMa, Lo dhopMmyBanacs nicns imnnaHTauii matepiany, Habyeana o3Hak Tvnosoi 6ynosu. Ocepeaku
HEe3aBEPLLEHOro OCTEOr'eHE3Y He BidyasisoBaHi. Ha BiaMiHy Bif KOHTPONbHUX TBAPWH, Y 30Hi 30BHILIHBLOI KICTKOBOI NMaCTUHKM
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OpwuriHaAbHiI AOCAIAXKEHHS

nicns 3acToCyBaHHs MaTepiany 3 oKTakanbLingoctaTom OCTEOHU pereHeparTy 3a CTPYKTYPOLO Ta reOMETPIEr0 He Bigpi3HANMCs

BiZ, TMNOBOI By0BU MaTEPUHCLKOT KICTKU.

BucHoBkM. B ekcnepumeHTanbHiv rpyni TBapuH, y SKMX Nnactuky AedekTy 34iNCHUNW, BUKOPUCTaBLIM MaTepian 3
oKTaKanbLindgochaTom, BU3HaYMNM 3aKOHOMIpHE 30iNbLUEHHS BiJHOCHOTO 06’eMy KICTKOBOI TKaHWHW B pereHepari, Wo 3a
HanpsIMOM MHaMIKM CXOXe Ha 3MiHW, 3adpikcoBaHi B KOHTPOMbLHIN rpyni, ane 3a iH-TEHCUBHICTIO NPOLIECIB 3HAYHO BiAPI3HANOCS

Ta Habnwxanocs Jo HOPMU.

One of the key challenges in modern dentistry and trau-
matology is the development of effective methods for bone
tissue restoration [1]. Jaw defects arising from infections,
trauma, tumors, or congenital anomalies are common.
Although bone has an inherent ability to regenerate,
large defects, pathological fractures, or infections can
hinder the healing process. Literature review, published
by M. P. Ferraz, indicates that surgical intervention using
bone substitutes is necessary in such cases [2]. Bone
grafting is a common method for treating bone defects.
The choice of material for bone grafting depends on many
factors such as availability, defect size, biomechanical
properties, ease of handling, cost, ethical aspects, biolo-
gical properties, and potential complications [3]. For large
defects, autologous bone taken from the iliac crest is most
often used. This material is considered the “gold standard”
for bone grafting because it contains osteogenic cells that
can create new bone, and its structure serves as a natural
scaffold. However, this method has its drawbacks [3,4,5].

Alternative bone materials are becoming increasingly
popular for treating small and medium-sized bone defects,
as they help to reduce the risk of complications. However,
for effective use, such materials must be able to integrate
with the bone surface without the formation of fibrous tissue.
To achieve optimal results, bone graft materials must meet
certain criteria. They must stimulate osteogenesis without
eliciting an immune response. In addition, the materials
should promote rapid revascularization, stimulate osteoin-
duction and osteoconduction, which ultimately will lead to
replacement of the graft with bone tissue that matches the
quality and quantity of the host organism’s tissues [3,5].

Materials of animal origin, known as xenogenic
materials or xenografts, are also widely used. They have
been investigated for over thirty years and are known
for their osteoconductive properties, which are due to
their inorganic structure, which is primarily composed
of hydroxyapatite [6]. After removal of the organic com-
ponents, a scaffold remains that mimics the structure of
human bone and promotes bone regeneration. Xeno-
genic materials are favorably distinguished from other
materials by their chemical structure, which is very close
to the structure of human bone. In particular, the calcium
to phosphate ratio in xenogenic materials (1.67) exactly
matches this indicator in human bone, making them ideal
for transplantation [7].

Such similarity, especially in materials from bovine
bone, such as Bio-Oss®, significantly improves their
ability to stimulate bone tissue regeneration. Octacalcium
phosphate is among the most commonly used materials
for filling bone defects. It rapidly degrades in the body, and
its structure is easily replaced by natural bone tissue [8].
The advanced crystalline material octacalcium phosphate
promotes factors that stimulate bone regeneration [9]. It
has long been one of the most popular and frequently
used xenogenic materials, especially in dentistry [10].
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Aim
The aim of this study is to determine the dynamics of
histomorphological changes in the bone-ceramic rege-

nerate after transplantation of octacalcium phosphate into
an experimental defect in the rabbit mandible.

Materials and methods

The study was conducted on 45 adult male rabbits aged
6-7 months, weighing 2.5-3.0 kg. The animals were
divided into control and experimental groups (20 animals
in each). An additional 5 intact animals were used to study
the normal structure of bone tissue in the studied area
of the lower jaw.

Under general anesthesia, by intraperitoneal injec-
tion of Thiopenate (“Brofarma”, Ukraine), at a dose of
25 mg/kg of body weight, the animals in the control and
experimental groups were subjected to a bone-destroying
injury, a cavity 4 mm deep and 3 mm wide at the level of
the toothless area of the mandibular part of the lower jaw
using a dental burr.

The control group consisted of animals with a bone
defect that healed under a blood clot. The experimental
group consisted of rabbits in which the bone defect was
filled with CompactBoneB osteotropic material (Dentegris,
Germany) — a natural bovine bone substitute, the main
crystalline material of which is native octacalcium phos-
phate (OCP-N). The study of the condition of bone tissue
in the area of the inflicted defect was performed at 1, 7, 14,
21, 28, 35, 56 and 84 days after the injury was inflicted.

The dynamics of histomorphological remodeling of
bone tissue in the area of the experimental defect in the
lower jaw were studied using scanning electron micro-
scopy, performed on a JEOL T220A scanning electron
microscope at the Laboratory of Physical Research
Methods in Geology, Ivan Franko Lviv National Univer-
sity. Samples for study were extracted by breaking from
different areas at the interface between the regenerate
and the maternal bone. For obtaining micrographs of
fragments of the lower jaw, samples were fixed ina 2.0 %
solution of glutaraldehyde and washed three times (10 min
each) with distilled water. After washing, a sublimation
drying procedure was carried out, with freezing of the wet
samples and their subsequent placement in a vacuum
chamber for sublimation of moisture for 1.5-2.0 hours
until complete evaporation. Dried tissue samples were
glued to cylindrical copper holders, after which their
surface was metallized by thermal deposition of a thin
layer of copper (up to 20 nm). Spraying was carried out
in a VUP-5 sputterer. The surfaces of the samples were
photographed on x15-200 magnification, the accelerating
voltage in all experiments was 20 kV [11].

For ultrastructural study, samples of the mandible
bone were fixed at a temperature of +2 °C for 3—4 hours in
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a 2.5 % glutaraldehyde solution in a 0.2 M phosphate buf-
fer (pH = 7.4) followed by postfixation for 1 hourina 1 %
buffered (pH = 7.4) solution of osmium tetroxide (“SPI",
USA), dehydration in alcohols of increasing concentration
and propylene oxide, and production of epoxy blocks
using an epon-araldite composition. Ultrathin sections
placed on Mesh Regular Grid 200 (“SPI”, USA) copper
reference grids. Double contrast was performed according
to the Reynolds method. The study was performed using
transmission electron microscope PEM-100-01 (“*SELMI”,
Ukraine) at an acceleration voltage of 75 kV and primary
magnifications from 1500 to 25000 according to the
standard scheme [12].

For the preparation of histological slides, fragments of
the mandible bone with osteotropic materials were fixed
in freshly prepared 10 % formalin solution, demineralized
ina 10 % aqueous solution of nitric acid (HNO,), which
allowed for the maximum preservation of the regenerate
structures. After this, the bone fragments were passed
through ascending concentrations of alcohols followed
by embedding in paraffin. Sections with a thickness of
5-7 ym were made from the obtained paraffin blocks using
a microtome type MS-2 TU-64-1-1629-78. The obtained
sections were placed on glass slides, deparaffinized and
stained with hematoxylin and eosin according to a stan-
dard method [13], visualized using a UlabXSP-137TLED
light microscope (China) and photographed with an
XCAM-1080 P camera (China). To determine changes
in the composition of the regenerate, the relative area of
bone tissue, osteoplastic material, connective tissue in
the regenerate, which were determined on demineralized
histological sections of fragments of the lower jaw, stained
with hematoxylin and eosin, were counted. The calcula-
tion of the relative area value was performed using the
ImageJ 1.47v software package and the built-in Analyze
Particles procedure for final segmentation and calculation
of values (Analyze > Analyze Particles) according to the
recommendations [14].

To determine the conformity of the obtained data to
the normal distribution law, an analysis of the distribution
histogram, asymmetry indicators and extinction coeffi-
cients and the Shapiro—-Wilk test were used. The results
of each group at different time points followed a normal
distribution law, and are presented in the form of M £ m,
where M — is the arithmetic mean, m — is the standard
deviation of the mean. To determine the probable diffe-
rences between the average values of the indicators at
different times of the experiment, as well as to compare
the data of the control group with the experimental group
at the same observation times, the Student’s t-test was
used. The difference between the groups was considered
significant at p < 0.05. To perform statistical calculations,
create graphs and tables, the RStudio v1.2.5042 soft-
ware was used, as well as Excel spreadsheets from the
MS Office 2010 package using the licensed Statistica
program (version 6.1, serial No. AGAR909E415822FA).
The sequence of statistical procedures was performed in
accordance with the recommendations [15].

All'animals were housed in a vivarium and procedures
for cleaning, inspection, marking and all other manipula-
tions were carried out in accordance with the provisions of
the “European Convention for the Protection of Vertebrate
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Animals Used for Experimental and Other Scientific Pur-
poses” (Strasbourg, 1985), the “General Ethical Principles
of Experiments on Animals” adopted by the First National
Congress on Bioethics (Kyiv, 2001), the Law of Ukraine
No. 3447-IV “On the Protection of Animals from Cruel
Treatment” in accordance with the Directive of the Council
of the European Union 2010/63/EU on compliance with
the regulations, laws, and administrative provisions of the
EU Member States on the protection of animals used for
scientific purposes [16,17].

Results

The study of the topographic features of the bony surface
in the area of the experimental defect of the lower jaw in
the control group animals, which was carried out using
scanning electron microscopy, revealed a number of cha-
racteristic changes that occurred during wound healing.
In particular, 1 day after the formation of the experimental
trepanation hole, numerous damaged microvessels were
determined on the smooth surface of the compact cortical
plate defect, containing conglomerates of blood cells in
their lumen surrounded by small-mesh hemorrhages
(Fig. 1). Between the bony trabeculae and the damaged
spicules of the cancellous bone of the alveolar process at
the edges of the cavity, a moderate amount of small poly-
morphic fragments was observed along with perivascular
accumulations of erythrocytes and a significant number
of leukocytes. In the tissue of the maternal bone adjacent
to the defect, there were expressed signs of perivascular
and intracellular edema.

During the first 3 weeks of the experiment, numerous
osteoid mounds were formed on the surface of the tissue
of injured osteons and bone trabeculae, varying in size
and shape. Perivascular edema, leukocyte infiltration,
and other signs of inflammation in the injury zone were
reduced. Fibroblast-like cells were located in a moderate
amount diffusely in the space of small foci of intramembra-
nous ossification in the peripheral areas of the regenerate
and were found singly in deep areas of post-traumatic
detritus that filled the experimental cavity.

Four and five weeks after the experimental injury,
numerous polymorphic osteoid trabeculae were visualized
on the inner surface of the defect, with predominantly
radial orientation and dense anastomosing. In the deep
areas of the experimental defect, the formation of islands
of newly formed primary woven bone tissue surrounded
by a dense network of primitive blood microvessels was
observed. Osteoblasts identified by transmission electron
microscopy were typically grouped in the spaces between
osteogenic islands and hemocapillaries (Fig. 2), indicating
their active migration to deeply located foci of desmal
osteogenesis, where a significant number of fibroblast-like
cells were observed. In the peripheral newly formed
trabeculae, the regenerate contained single fibroblasts
with a significant predominance of osteoblasts and the
appearance of single primary osteocytes.

The microrelief of the surface of the newly formed
trabeculae had a hilly appearance and was characterized
by an expressed variability (Fig. 3). At the border of the
bone regenerate with the lamellar bone tissue of the ma-
ternal bone, small foci of membrane osteogenesis were

Pathologia. Volume 21. No. 3, September — December 2024



OpwuriHaAbHiI AOCAIAXKEHHS

Fig. 1. Scanning electron micrograph of the bone defect area of the rabbit mandible in the control group 1 day after the injury. x150. 1: damaged surface of the outer bone plate with
hemorrhages; 2: deformed bone marrow spaces between the trabeculae of the cancellous bone of the interdental area of the alveolar part.

Fig. 2. Transmission electron micrograph of the bone defect area of the rabbit mandible in the control group 4 weeks after the injury. x3000. 1: osteoblast; 2: poorly differentiated
osteogenic cell; 3: extracellular matrix.

Fig. 3. Scanning electron micrograph of the bone defect area of the rabbit mandible in the control group 4 weeks after the injury. x200. 1: trabecula on the periphery of the regenerate;
2: primary osteoblast on the surface of the trabecula in the focus of desmal osteogenesis.

Fig. 4. Transmission electron micrograph of the bone defect area of the rabbit mandible in the control group 4 weeks after the injury. x3000. 1: osteoclast nuclei; 2: fibroblast and
its processes; 3: locus of desmal osteogenesis.

Fig. 5. Scanning electron micrograph of the bone defect area of the rabbit mandible in the control group 5 weeks after the injury. x200. 1: area of bioresorption on the surface of the
newly formed bone trabecula; 2: osteoclast; 3: osteoblast; 4: primitive hemocapillary in the osteoid of the regenerate.

Fig. 6. Scanning electron micrograph of the bone defect area of the rabbit mandible 1 day after the injury and filling of the defect with OCP-N material. x150. 1: injured surface of the
outer bone plate with damaged microvessels; 2: focus of perivascular edema between the deformed plates of the interdental area of the alveolar part.
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observed with a significant numerical predominance of
osteoblasts over osteocytes.

Osteoclasts were found in greater numbers than in
the first 3 weeks of observation, were mostly compact
oval in shape with sizes up to 70 ym. Under transmission
electron microscopy, osteoclasts contained several nuclei
with signs of moderate activity and were in direct contact
with foci of desmal osteogenesis (Fig. 4). Some of the
activated osteoclasts were visualized on the surface of
bone trabeculae, which indicated the beginning of biore-
sorption processes in the regenerate (Fig. 5).

Eight weeks into the experiment, numerous poly-
morphic trabeculae on the periphery of the defect were
joined with islands of osteogenesis in the deep areas of
the regenerate, forming a continuous cancellous structure.
Significant variability in the microrelief of the surface of bone
trabeculae indicated active processes of osteogenesis of
cancellous bone tofill the space of the experimental defect.
Along with the presence of a dense network of hemoca-
pillaries, osteoblasts didn’t form groups and were located
singly. Unlike the previous term of the study, a significant
number of osteoclasts were found, indicating intensive
remodeling of the extracellular matrix of the tissue in the
regeneration zone. Even more significant resorptive activity
of osteoclasts accompanied the compaction of the cortical
plate of the bone regenerate. At the border of the rege-
nerate with the lamellar bone tissue of the maternal bone,
numerous foci of remodeling of primary woven bone tissue
with the formation of primitive osteons were observed.

Twelve weeks after the experimental injury, the sur-
face relief of most trabeculae of the cancellous bone of
the alveolar process was noticeably smoothed compared
to the previous study period. The number of osteogenic
cells and osteoclasts in the regenerate, including at
the border of the experimental defect with the maternal
bone, was lower than at the 8th week of observation, but
significantly exceeded the zones of bone that were not
injured. Along with signs of active formation of the osteo-
cyte lacunar-canalicular system, the microarchitecture of
the osteons of the regenerate differed significantly from
the typical structure, but completely restored the space of
the experimental defect. Foci of incomplete osteogenesis
were not observed.

The study of the surface relief features of the expe-
rimental bone defect of the lower jaw after implantation
of OCP-N material in animals revealed numerous re-
generative reconstructions that occurred after the injury.
In particular, 1 day after the experimental intervention,
damaged blood microvessels with blood clots in the lumen
were observed on the smooth surface of the trepanation
cavity in the compact cortical plate. Small hemorrhages
were visualized around the vessels. Between the fractured
trabeculae and spicules of cancellous bone tissue at the
edges of the defect of the maternal bone, a moderate
number of small fragments of different shapes were
determined along with perivascular accumulations of
blood cells. Signs of perivascular and intracellular edema
in the tissue structures located near the experimental
defect were expressed (Fig. 6). Significant accumulation
of exudate was also observed between the fragments of
the implanted OCP-N material, especially at the implant
edges.
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During the first 3 weeks of the experiment, intensive
formation of numerous osteoid hillocks and outgrowths
occurred on the surface of the tissue of damaged osteons
and bone trabeculae of the maternal bone, varying in size,
shape, and almost completely covering the surface of the
trabeculae. Perivascular edema, leukocyte infiltration,
and other signs of inflammation in the defect zone were
reduced during the first two weeks after intervention and
were not detected after 3 weeks of the experiment. In
the composition of numerous small foci of desmal osteo-
genesis, fibroblast-like cells were located diffusely and,
unlike the control group, were found in large numbers.
In the peripheral areas of the regenerate, newly formed
trabeculae between fragments of the implanted OCP-N
material merged with the hilly trabeculae of the maternal
cancellous bone. In the deep areas of the regenerate, a
moderate number of blood microvessels were determined
surrounded by active fibroblasts and dense spicule-like
connective tissue outgrowths.

Four and five weeks after the implantation of OCP-N
material, polymorphic osteoid trabeculae with predomi-
nantly radial orientation and dense anastomosing were
observed on the periphery of the regenerate. Individual
small fragments of osteotropic material were rarely found.
In the deep zones of the experimental defect, significant
areas of primary woven bone tissue were found, in the
thickness of which a dense network of primitive blood
microvessels and loosely located remnants of resorbed
OCP-N material were located. A large number of osteo-
blasts formed numerous clusters between osteogenic
islands and hemocapillaries. In a few small areas of the
deep zone of the regenerate around the particles of the
implant, foci of desmal osteogenesis with a significant
number of fibroblast-like cells were observed. In the
peripheral newly formed trabeculae between individual
small remnants of the material, osteoblasts outnumbered,
but a moderate number of primary osteocytes significantly
exceeded the content of these cells in the study of bone
samples of the control group. An expressed heteromor-
phic bumpiness was visualized on the surface of most
newly formed trabeculae (Fig. 7).

Asignificant number of osteoclasts were found at the
border of the bone-ceramic regenerate with the lamellar
bone tissue of the cortical plate of the maternal bone.
Unlike the previous observation period, foci of membrane
osteogenesis in the superficial localization were not de-
termined. A boundary of tight adhesion of primary woven
bone tissue of newly formed trabeculae to the osteon tis-
sue system of the maternal bone was determined. Some
of the activated osteoclasts with sizes of 90-120 um were
visualized on the surface of bone trabeculae, as well as
near the particles of the implanted material, indicating
active bioresorption processes in the regenerate (Fig. 8).
The total number of osteoclasts significantly exceeded
their content as in comparison with the previous term of
the experiment, as well as in animals of the control group.

After 8 weeks of the experiment, the polymorphic
trabeculae in the bone-ceramic regenerate varied
significantly in their histoarchitecture. In particular, in
the depth of the applied bone defect, on the periphery
of the regeneration zone, lamellar bone tissue with a
small content of secondary osteoblasts and osteoclasts
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Fig. 7. Scanning electron micrograph of the bone defect area of the rabbit mandible 4 weeks after the injury and filling of the defect with OCP-N material. x500. 1: trabeculae from
the inner surface of the shaft; 2: trabeculae on the periphery of the bone regenerate.

Fig. 8. Scanning electron micrograph of the bone defect area of the rabbit mandible 5 weeks after the injury and filling of the defect with OCP-N material. x150. 1: area of bioresorption
on the surface of the newly formed bone trabecula; 2: activated osteoclast; 3: group of osteoblasts.

predominated in the trabeculae, moreover, the boundary
between the newly formed trabeculae and the maternal
cancellous bone was not visualized. Inside the regener-
ate, a heteromorphic cancellous structure was observed,
which consisted mainly of primitive bone plates and,
to a great extent, of woven bone with an admixture of
partially resorbed fragments of the implanted material.
Connective tissue areas around the microvessels were
rarely encountered and had the appearance of thin layers
enriched in randomly grouped collagen fibers. Among the
osteogenic cells, diffusely located osteoblasts prevailed
in a moderate amount. Unlike observations in the control
group, a limited number of osteoclasts were found only
in areas of primary woven bone tissue of a small part of
bone trabeculae, indicating remodeling of these areas.
At the border of the regenerate with the outer bone plate
of the maternal bone, newly formed primitive osteons
were determined with signs of a moderately developed
lacunar-canalicular architecture.

Twelve weeks after the experimental injury and im-
plantation of OCP-N material, the trabeculae of the can-
cellous bone of the alveolar process consisted mainly of
lamellar tissue. In some deep areas of the regenerate, foci
of primary woven bone tissue were found, which contained
a moderate number of activated osteoclasts, but without
remnants of the implanted material. In the peripheral
areas of the regenerate, near the maternal cancellous
bone that was not injured, the microrelief of the surface
of most trabeculae was relatively smooth, without signs
of osteoid formation. The number of osteogenic cells and
osteoclasts in the regenerate of this localization was lower
than at the eighth week of the experiment and approached
the characteristics of the bone of the alveolar process that
was not injured. Overall, the osteocyte lacunar-canalicular
system that formed after the implantation of the material
acquired features of a typical structure. Foci of incomplete
osteogenesis weren't visualized. Unlike the group of
control animals, in the zone of the outer bone plate after
the use of OCP-N material, the osteons of the regenerate
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didn’t differ in their structure and geometry from the typical
structure of the maternal bone.

Morphometric study of the dynamics of changes in
the relative area of bone tissue in the regenerate of the
experimental defect in the control group showed an active
increase in the parameter from the first to the fifth week
after the defect was applied (Table 1). In particular, the
relative content of bone tissue in the regenerate after 2
weeks of the experiment was 2.75 times (p < 0.05) higher
than the value of the 1st week; after 3 weeks, the parame-
terincreased by 60.4 % (p < 0.05) relative to the previous
period; after 4 and 5 weeks — by 68.0 % (p < 0.05) and
32.0 % (p < 0.05), respectively. In the period from the 5th
to the 8th week, the increase in the relative area of bone
tissue in the regenerate formed under the blood clot was
24.5 % (p < 0.05). Subsequently, until the 12th week of
the experiment, changes in the indicator were not statis-
tically significant compared to the value of the 8th week,
stabilizing at the level 70.3 + 4.8 %.

In the experimental group of animals where the defect
was filled using OCP-N material, a consistent increase
in the relative area of bone tissue in the regenerate was
observed. While the dynamic pattern was similar to that
in the control group, the intensity of changes was signifi-
cantly different. One week after the injury, the parameter
value was 64.6 % (p < 0.05) higher than the indicator of
the first day, not significantly different from the control
level. On the contrary, after 2 weeks of implantation
of OCP-N material, a sharp increase in the parameter
significantly exceeded the degree of its increase in the
control group — by 38.3 % (p < 0.05); after 3 weeks — by
57.9 % (p < 0.05); after 4 weeks — by 25.5 % (p < 0.05);
after 5 weeks — by 18.1 % (p < 0.05). In the period from
the 5th to the 8th week, the studied parameter continued
to increase moderately and stabilized at a level that was
statistically significantly different from the indicators of
the control group. After 12 weeks of the experiment, the
relative area of bone tissue in the regenerate that formed
after implantation of OCP-N was 76.8 £ 6.1 %.
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Table 1. Dynamics of changes in the relative area of bone tissue, osteoplastic material and connective tissue in the regenerate (%), M £ m

m Bone tissue m Connective tissue

ocP-N ocPN ocP.N

1 day 37+06 48407 80.7+7.2 6.9+04 7306
7 days 56+ 0.8 79409 65.3 + 5.4 14.7 £1.1% 16.3 £ 1.4*#
14 days 15.4 £ 1.2¢ 21.3£2.4% 34.9+38* 30.5+2.4* 44.8 + 3.8
21 days 247 £18* 39.0 £ 3.4 225 +2.4* 56.1+ 3.5 429+36
28 days 415+ 3.4 52.1+ 3.8 16.1 +£2.3¢ 418+3.1% 35.0 £2.7%*
35 days 54.8+3.7¢ 64.7 £ 4.0 10.5 + 1.4¢ 342£23 26.3£2.1%#
56 days 68.2+4.5 749+57¢ 58+0.7* 20.7 +1.7* 18.4 + 1.6%
84 days 70.3+4.38 76.8+6.1 1.8+0.7# 245420 16.1+ 1.5*
*: the difference is statistically significant when compared to the control group; #: the difference is statistically significant when compared to the previous time point of the
experiment.
Morphometric study of the relative area of osteoplastic of implantation of OCP-N material, a sharp increase in the
material in the regenerate at the stages of augmentation parameter compared to the value of the first week (2.7
of the experimental defect after implantation of OCP-N times; p < 0.05) led to its exceeding the control level by
material revealed a general dynamic of bioresorption, 46.9 % (p <0.05), reaching the highest value for the entire
which consisted of a sequential alternation of periods of observation period —44.8 £ 3.8 %. After three weeks, the
uneven intensity of resorption. In particular, during the connective tissue content in the bone-ceramic regenerate
first week after implantation, the relative content of the did not differ statistically significantly from the previous
material decreased by 19.1 % (p < 0.05) relative to the  time point after implantation of OCF-N, however, it was
value after 1 day. During the second week, the decrease in 23.5 % (p < 0.05) lower than the control group. Starting
the parameter was the most intense among all the studied from day 3, an intensive reduction of the connective tissue
periods —by 46.6 % (p < 0.05) compared to the indicator of component of the regenerate was observed in the experi-
the first week. After 3, 4, and 5 weeks of the experiment, mental group, the intensity of which exceeded the control
the parameter value decreased by 35.5 % (p < 0.05), dynamics. Specifically, four weeks after implantation of
28.4 % (p < 0.05), and 34.8 % (p < 0.05), respectively, the OCF-N material, the studied parameter was 16.3 %
compared to the previous period. At the final terms of the lower than the control (p < 0.05), and five weeks later, it
experiment, the relative area of OCP-N material fragments was 23.1 % lower (p < 0.05). Unlike the control group,
in the regenerate reached minimal values. after applying the osteoplastic material, further reduction
Morphometric study of the relative area of connective of the connective tissue content of the regenerate was
tissue in the regenerate of the control group experi- observed after 8 and 12 weeks of the study; at the end of
mental defect allowed us to establish the phase nature the observation, the indicator of the experimental group
of the dynamics of changes in the parameter. In the was 34.3 % lower (p < 0.05) than the control level.
first three weeks of the experiment, an active increase
in the content of the connective tlssqe component in Discussion
the regenerate was observed. In particular, one week
after the injury, the parameter increased by 2.1 times Bone grafting is widely used in dentistry. This procedure
(p <0.05) relative to the value after 1 day; after 2 weeks is relevant in a variety of clinical scenarios. In particu-
of the experiment — by 107.5 % (p < 0.05) compared to lar, in periodontal surgery, tooth implantation, sinus
the value of the 1st week; after 3 weeks, the parameter liting, socket preservation, and many other procedures
increased by 83.9 % (p < 0.05) relative to the level [18,19,20,21,22,23].
of the previous period and reached the highest value According to many researchers, xenogenic materials
56.1 £ 3.5 %. In the further dynamics of changes in play a crucial role in promoting bone regeneration, offering
the content of connective tissue, a gradual decrease in a promising alternative to autogenous and allogenic bone
the indicator was observed: after 4 weeks — by 25.5 % grafts [18,19]. These materials have a number of advan-
(p < 0.05) relative to the peak value of the 3rd week; tages, especially compared to the more invasive surgical
after 5 and 8 weeks — by 18.2 % (p < 0.05) and 39.5 % procedures required for taking autografts.
(p <0.05), respectively, compared to the previous term of Other advantages include biocompatibility, osteocon-
the study. In the period from the 8th to the 12th week, the ductivity, ease of handling, and the possibility of perform-
relative area of connective tissue in the regenerate that ing minimally invasive procedures[20,21]. Sohn H.-S. &
formed under the blood clot didn’t change significantly Oh J.-K. emphasize that, unlike autogenous grafts, they
and stabilized at the level 24.5 + 2.0 %. don’t require additional surgery to take the required bone,
Inthe experimental group of animals where the defect which reduces the risk of infection, scarring, and other
was filled using OCP-N material, a characteristic phase complications, as well as shortens the operation time [22].
dynamic of changes in the relative area of connective tis- Another significant advantage of xenogenic bone
sue in the regenerate was observed, which had significant materials is their wide availability — they can be mass-pro-
differences from the changes in the control group. One duced, which meets the growing demand for bone
week after the injury, the parameter value was 2.2 times reconstruction. Zhao R. et al. state that this demand
(p < 0.05) higher than the indicator of the first day, not has stimulated extensive research on xenomaterials in
significantly different from the control level. After 2 weeks experimental and clinical practice [23]. As a result, various
250 ISSN 2306-8027 http://pat.zsmu.edu.ua Pathologia. Volume 21. No. 3, September — December 2024



types of xenogenic materials have been developed and
widely used, including those based on calcium phosphate,
which have osteoconductive properties. Literature review
published by Gupta H. et al. and other authors indicate
that these materials promote bone tissue regeneration,
allowing it to penetrate and grow into the scaffold, making
them ideal for the treatment of small and medium-sized
bone defects, sinus lifting, and bone augmentation for
dental implants [24,25,26,27].

Calcium phosphate materials are often used due to
their compositional similarity to natural bone. Excellent
biocompatibility makes it a popular choice for bone
grafting. Different authors believe that calcium phos-
phate-based materials can be molded into granular or
paste-like forms, which provide improved moldability
and reduce application time during surgical procedures
[20,25,28,29]. However, these materials face limitations
when applied to large defects due to the lack of osteo-
inductive properties — the ability to actively induce the
formation of new bone [30].

As aresult of the conducted study and the examination
of the surface relief characteristics of the experimental bone
defect in the lower jaw after implantation of octacalcium
phosphate material, we identified numerous regenerative
changes that occurred after the injury and correlated with
the dynamics of changes in the relative area of bone
tissue, osteoplastic material, and connective tissue in the
regenerate. Morphometric analysis of the relative area of
the regenerate components of the experimental defect
established a phased nature of the dynamics of the studied
changes. Specifically, it was found that the osteocytic lacu-
nar-canalicular system, which formed after the implantation
of the material, acquired features of typical structure. Foci
of incomplete osteogenesis were not visualized. Unlike
control animals, in the zone of the outer bone plate after
application of octacalcium phosphate material, the osteons
of the regenerate in their structure and geometry did not
differ from the typical structure of the maternal bone.

Therefore, our results are consistent with the literature
and confirm that the OCP-N is effective when used for
bone tissue regeneration, as the bone component of the
regenerate significantly outweighs the connective tissue
component, which ensures the restoration not only of the
lost area but also of the qualitative characteristics of the
jaw bone. Taking into account the mechanical load on the
jaws and the crucial importance of bone tissue quality in
dental prosthetics, particularly implantation, we consider
the use of the OCP-N to be relevant and justified in clinical
dental practice. In wartime conditions, the timeframes
for bone defect regeneration using OCP-N are also of
particular importance, significantly outpacing the control
group and, as evidenced by a comparison of the obtained
results with literature data, the healing times for bone
defects filled with auto- and allografts [2].

Conclusions

1. In the experimental group of animals where the
defect was repaired using OCP-N material, a regular in-
crease in the relative area of bone tissue in the regenerate
was observed, which in terms of dynamics was similar
to that in the control group, however, in terms of inten-
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sity of changes it significantly differed from the control,
approaching the norm in terms of the studied indicators.

2. In deep zones of the defect after 4 and 5 weeks of
the experiment, significant areas of woven bone, newly
formed microvascular networks, and decompacted rem-
nants of resorbed OCP-N material were detected in the
regenerate, which indicates effective bone tissue rege-
neration in the defect zone at this time point compared
to the control.

3. The presence of activated osteoclasts on the
surface of bone trabeculae and near implanted material
particles after 4 weeks of the experiment indicated active
bioresorption processes in the regenerate.

4. Unlike the control group, in the zone of the outer
bone plate after application of OCP-N material, the
osteons of the regenerate did not differ in structure and
geometry from the typical structure of the maternal bone.

5. Morphometrically, it was determined that using
OCP-N material resulted in an increase in the relative
area of bone tissue in the regenerate, which in terms of
intensity of changes significantly exceeded the control,
and the overall dynamics of bioresorption of the osteoplas-
tic material in the regenerate showed its highest intensity
during the second week.

6. In the dynamics of changes in the relative area of
connective tissue, 2 weeks after implantation of OCP-N
material, a sharp increase in the parameter compared
to the value of the first week led to its exceeding the
control level by 46.9 % (p < 0.05), reaching the highest
value for the entire observation period. Starting from the
3rd week in the experimental group, intense reduction
of the connective tissue component of the regenerate
was observed, the severity of which exceeded the
control dynamics.

Prospects for further researches. Further studies
are planned to investigate the ultrastructural features of
regeneration of experimental bone tissue defects under
conditions of using different osteoplastic materials, which
will allow for the development of more effective innovative
solutions that will improve bone regeneration outcomes
in the maxillofacial region.
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OpwuriHaAbHiI AOCAIAXKEHHS

CupoBaTKOBiI KOHLLEHTpPaLLi LUHKY Ta NOKa3HUKK 3anaAbHOI BiANOBiAj

Ta cupoBaTKoBoro IgA y aiteu 3 iHpEKLiNHOIO AlapeElo

B. B. Meuyrina®*A8¢0 O, B, Ycauosa®*BCPEF

3anopi3bkni AepxaBHUIA MeAMKO-GapMaLEBTUUHUIA YHIBepCUTET, YKpaiHa

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

F - octatouHe 3aTBEpPAXEHHS CTaTTI

Merta po60Tu — HaBeCTV NOPIBHSAMNbHY XapakTepucTMKy NabopaTtopHWX NPOsBIB 3anarbHOro NPOLIECy Ta PiBHSA CUPOBATKOBOMO
IgA npw iHdbeKLiHIN diapei B AiTen paHHLOTO Biky 3amNeXHO Bif CUPOBATKOBOI KOHLIEHTPALi LIHKY.

Marepianu i meToau. [lo gocnimkeHHs 3anyyeHo 99 aiteit paHHBOrO BiKy 3 KIiHikoK iHdbeKUiHOT aiapei. O6CTEXEHMX noginvnm
Ha ABi nigrpynu: nepia — 77 Aitet i3 HopManbHUM piIBHEM LHKY (ZNn) KPOBI Mig yac rocnitanisadii; gpyra — 22 naujieHTy 3i
3HUKEHUM. Y [eHb rocniTaniaauii Bu3Hadanm piseHb C-peakTusHoro 6inka (CPB), Zn i HasiBHICTb thekanbHOro KanbnpoTek-
TuHy (®K) Ta naktodepuny (J1®). BusHaumnm piBeHb iHTEPNENKiHIB i cupoBaTkoBoro IgA 'y 34 aiTeit oCHOBHOI rpynu (nepLua
nigrpyna — 16 giten, apyra — 18) Ha |, Ill Ta V geHb. [pyna nopisHsHHA — 10 aiten 6e3 o3Hak iHgeKLinHoi natonorii.

Pesyabrati. 3a yacTototo peectpauii niasuwenHs CPB kposi (y 21 (27,27 %) antuhm 3 nepLoi nigrpynu tay 7 (31,81 %) i3
[pyroi) Ta 3a /ioro piBHEM JOCTOBIPHYX BiAMIHHOCTEN MixX Nigrpynamu He 6yno. BuaHauenHs OK i N1 akicH1m MeTogom Takox
He BUSIBUIMO BiAMIHHOCTEN Mix nigrpynamu. PiBeHb IL-10 y cupoBartui kpoBi Aitert 0box nigrpyn OyB BULLMIA 3@ NMOKa3HWKN
rpynu nopisHaHHA (p = 0,001 wopno nepwoi nigrpynu, p = 0,04 — gpyroi). B auHamiui koHueHTpauis IL-10 mana TeHaeHLio
[0 3HWKEHHS Y NALEHTIB 3i 3HKEHUM piBHEM Zn kpoBi. PiBeHb IL-1B gitew i3 nepwoi nigrpynm (0,28 (0,12; 0,68) pg/ml)
BignoBigaB nokasHukam saoposux (0,32 (0,12; 0,78) pg/ml) oci6. Y xBopwx Apyroi niarpynu 3adhikcoBaHO HUBKYI KOHLIEHTpaLi
IL-1B (p = 0,05). Y guHamiLi BCTaHOBUNM JOCTOBIPHE 3POCTaHHS KOHLIEHTPALT LibOro LIMTOKIHY B NALEHTIB i3 Apyroi nigrpynu,
npoTe BOHA 3anuiumnack JOCTOBIPHO MeHLUO, HixX y 3noposux (p = 0,01). KoHueHTpauis IL-6 y cupoBaTui KpoBi aiTen i3
Miarpyn NopiBHSHHS He Mara CTaTUCTUYHOI BIAMIHHOCTI aHi B Ae6roTi XxBopobu, aHi B AuHamiLi. PiBeHb cupoBaTkoBoro IgA Ha
M'ATUA AeHb NiKyBaHHS BiPOTiAHO 3HVKEHWUI Y AiTEN 3i 3HKEHUM piBHEM Zn Y KpoBi (p = 0,03).

BucHoBku. CPB kposi, ®K i JI® He 3anexanu Big cMpoBaTKOBOI KOHLEHTpaLii Zn y Aiteit 3 iHekuiiHow aiapeeto. [itn 3
HU3bKUM piBHEM Zn KpOBi B Ae6IOTi 3aXBOPtOBaHHS Manu ancbanaHc y cucTeMi 3ananbHOI BiAnoBigi. Y AiTen i3 HU3bKO
KOHLeHTpaLieto Zn KpoBi BU3HAYEHO 3HIMKEHHS KOHLIEHTPaLi cupoBaTkoBoro IgA Ha m’aTy 4oby nikyBaHHS.

Serum zinc concentrations and indices of inflammatory response and serum IgA
in children with infectious diarrhea

V. V. Pechuhina, 0. V. Usachova

Aim. The objective of this study was to give a comparative characteristic of laboratory manifestations for the inflammatory
process and the level of serum IgA in infectious diarrhea in young children, depending on serum zinc concentrations.

Materials and methods. The study included 99 children aged 1 to 36 months with the clinical picture of infectious diarrhea.
The main group was divided into the first subgroup comprising 77 children with normal blood zinc level during hospitalization;
the second contained 22 children with reduced blood zinc level. On the day of hospitalization, the level of C-reactive protein
(CRP), zinc (Zn) and the presence of fecal calprotectin (FC) and lactoferrin (LF) were determined. The level of interleukins
and serum IgA was determined in 34 children of the main group (16 for the first subgroup, and 18 for the second one) on the
1st, 3rd and 5th days. The comparison group consisted of 10 children without signs of infectious pathology.

Results. There were no significant differences between the subgroups in terms of the frequency of registering an increase
in blood CRP level (in 21 children (27.27 %) of the first subgroup, and 7 children (31.81 %) of the second one) and its level.
Qualitatively determined FC and LF did not demonstrate any significant difference between the comparison subgroups. The
level of IL-10 in the blood serum of children of both subgroups was higher than that of the comparison group (p = 0.001
for the first subgroup and p = 0.04 for the second). In the dynamics, the concentration of IL-10 tended to decrease in
patients with a reduced blood Zn level. The level of IL-1f3 in the first subgroup (0.28 (0.12; 0.68) pg/ml) corresponded to the
indicators of healthy children (0.32 (0.12; 0.78) pg/ml). Patients of the second subgroup had lower concentrations of IL-13
(p = 0.05). In the dynamics, a significant increase in the concentration of this cytokine was noted in patients of the second
subgroup, but it remained significantly lower than in healthy subjects (p = 0.01). The concentration of IL-6 in the serum
of children in the comparison subgroups did not differ statistically both at the onset of the disease and in the dynamics.
The level of serum IgA on the fifth day of treatment was significantly reduced in children with a reduced blood Zn level
(p=0.03).

Conclusions. Blood CRP, PC, and GFR did not show dependence on serum Zn concentration in children with infectious
diarrhea. Children with low Zn levels at the onset of the disease have an imbalance in the inflammatory response system.
In children with low blood Zn concentration, a decrease in the concentration of serum IgA on the fifth day of treatment was
determined.
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LIMHK (Zn) — BaxnvBWiA MiKpOENEMEHT, LLO Bifirpae Bupi-
LanbHy porb y nepebiry 6aratbox 6ionorivHMx NpoLecis
[1]. XapyoBa LiHHICTb ZNn AaBHO BigoMa, ane B 4OCHiMKeH-
HSIX OCTaHHIX AeCATUNiTb NATBEPIKEHO 1 PO3LLUMPEHO
BiJOMOCTi PO MOro porb B iMyHHiI Mogynsauii [2].

Zn Bigirpae BaxnuBy porib B iMyHHIl cucTemi, Bnnvsa-
04U | Ha BPOKEHi, N Ha aganTuBHI iMyHHiI KniTuhu [1,3].
B opraniami BiH (hyHKLIOHYE, Hanpuknag, sk kodgakTop
BEJIUKOI KiNbKOCTi (hepMEHTIB ab0 K CTPYKTYPHWIA ene-
MeHT Ans pi3Hux Binkie. [Jediunt Zn moxe npu3BecT 4o
3aTPUMKM POCTY, AEPMATUTY Ta riNnoroHaan3My, a Takox
CMPUYUHWTY YTOBINbHEHE 3aroEHHs paH, atpodito TUmMycy
abo niMmdoneHito, LU0, CBOEID Yeproto, acoLLitoETbCS 3 BU-
COKOI0 4acTOTOH iHeKLiHNX XxBopob. HaBeaeHi hakTty
3yMOBJIEHI 0COBNMMBOK BaXNMBICTIO Zn Ansi iMyHHOT
cuctemmn. OTxe, aediumt Zn npussoanTb A0 BaraTbox
iMyHOMOrYHMX 3MiH, BKITHOYat0uM 3CyB Yy Bik nepeBaxHO
BPOMKEHOT iMyHHOI Bignosiai [4].

Jediumnt Zn B opraHiami NoAMHN BUHVKAE Nepeaycim
BHACTiZ10K HENOBHOLIHHOTO Xap4yBaHHs, ane i Moxe byTu
3yMOBEHUA CUHAPOMOM Manbabcopbuii, HagMipHUMK
BUTpaTaMm LbOro MiKpoeneMeHTa (piapesi, MacuBHi
oniku), niasuweHMMn cisionorivHummn notpedamm (He-
[OHOLLEHICTb) [5]. HesBaxaroun Ha Te, Wwo Aediumnt Zn B
i € ooBONi PigKICHAM, 0ro HeQOCTaTHICTb, 3a AaHUMK
BcecBiTHbOI opraHisauii oxopoHu 3gopos’a (BOO3),
BM3HavatoTb B 17-20 % HaceneHHs cBiTy [6]. Y navjeH-
TiB i3 TSOKKMM AedilMTOM LbOro enemeHTa BUSIBMSOTh
NIMPONEHItO, 3HKEHHS CriBBIGHOLLEHHA MK T-xenne-
pamut (Th) Ta LMTOTOKCUYHUMMN T-KRITUHAMU, 3HKEHHS
aKTMBHOCTI NnpupoaHux knituH-kinepis (NK) Ta nigeuieHy
LIMTOTOKCUYHICTb MOHOLMTIB [7].

Zn HeobXigHWi Ans 3abe3neveHHs 6ap’epHOT yHKLT
MeMOpaH. Pe3ynkrati focnigpkeHs ceigyatb, Wo aedi-
LMT Zn 306inbLUye NPOHUKHICTL eniTenito KUWEeYHMKa, Lo
CyNpOBOMXKYETLCS MOCUMEHHAM MirpaLlii HenTpodinis,
36inbLUIEHHSM NpoayKLii Npo3anansbHUX LTOKIHIB | Haf-
MiPHUM NpOrpecyBaHHAM 3ananbHoi peakii. Lii YuHHuKkK
NpU3BOAATL A0 PO3BUTKY YCKNafHeHb, Tpusanoro abo
XPOHIYHOro nepebiry 3ananbHOro NPoLecy B KULLKIBHUKY
[8].

Kpim TOro, Zn € BaxnmBuM hakTopoMm Yy migTpumui
BanaHcy MiX KNITMHHWUM i TyMOpanbHUM iMYHITETOM,
MOCWIIOE KMITUHHY IMYHHY BifMOBIAb, CNPUSOYM akTUBa-
uii T-nimcboumMTIB | NENKOLMTIB, @ TakoXK € KOaKTopom
TUMYiHY, HeOBXiAHMM eNeMEeHTOM NepeTBOPEHHS NPETU-
MyIiHY Ha TUMYIiH, PErynioe akTUBHICTb 3pinux T-KNiTUH
nepudgepuyHoi KpoBi, CTUMYIIOE iX Ao3piBaHHs, Bepe
y4acTb Y CUHTES y-iHTepEepoHy, MICTUTLCS Y CTPYKTYPI
iHTEpnenkiHy-2 (BUSBNEHO LMHK-3aMEXHY AiNAHKY).
[loBeneHo, LU0 in Vitro H13bKa KOHLEHTpaLis Zn iHayKye
PO3BWUTOK aronTo3y TUMOLMTIB, TOMY OAHWM i3 NepLUnX
NposBiB 10ro AediLnTy B NMIOAVHUA € 3HVDKEHHS PIBHSA
nimcboumTie nepudepunyHoi Kposi [9].

OnHa 3 0cobn1Bo BaXNMBUX yHKLIN Zn — Moayns-
Lis BUpobneHHs 3ananbHux uutokinie [10]. Odediumt Zn
36inbLUye NpoAyKLto Npo3ananbHUX LMTOKIHIB, 30kpemMa
iHTepnenikiHia IL-1B, IL-6 i npotnzanansHoro IL-10 [11].

MigTBEpMXeEHO, WO IgA Bigirpae BU3Ha4anbHy ponb
y MiATPUMLI iIMYHHOTO romMeocTasy B KULLeYHuKy [12].
IgA npopyKyeTbes B KuweyHuKy (3-5 r/goby), HasBHWiA
Yy KpoB0OGiry B KOHUEHTpauii 2—-3 mr/mn. CrpoBaTKoBMIA
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IgA B KOMMMEKCI 3 aHTUrEHOM MOXe 3B’A3yBaTnCs 3 pe-
uenTtopamu charoumTis, cneumdiyHnx ans IgA (FcaR),
Ta 6paTtn yyacTb B akTvBaLii Luux knituH. Kpim Toro, IgA
€ BaXMMBUM €NEMEHTOM iIMYHHOTO 3aXWUCTy CMU30BUX
060MOHOK LLIMYHKOBO-KULLKOBOTO TpakTy (LLUKT) [13].

CvmnTomu ypaxeHHs LLKT, 3okpema 6inb y uBOTi,
3akpen, Aiapes Ta NMXOMaHka, € YacTuMy NpudrHamMm
3BepHeHHs1 BaTbkiB 40 nmediaTpa. 30iNbLUeHHs YacToTy
3axBoptoBaHb LLKT i 3HUXeHHs cepeaHboro Biky AiTen,
y SIKOMY Li 3aXBOPIOBaHHS BUHUKaOTb, CBiAYaTb Npo
[OOUIMBHICTb MOLIYKY HOBWX METOAIB AiarHOCTMKK, LLO
[iafyTb 3MOry AndepeHLitoBaTy 3anarnbHi 3aXBOPOBaHHS
KULLKIBHMKa Bif iHWKX natonorin LUKT. Mpuknagom HoBKX
6iomapkepis € hekanbHui kanbnpoTekTuH (PK) i nakto-
depuH (N1P), aki BBaXKaKOTb HEIHBa3MBHUMU Mapkepamu
3ananexHs KULWKiBHYKa [14].

B octanHi gecatunitrs OK i I1® BuknukaroTb Hayko-
BUIA iHTEpeC sk BaxnuBi Giomapkepy, i TOMy BUBYEHHS!
XHiX piBHiB — HEIHBa3NBHWIA METOA, AiarHOCTMKM 3anarnb-
HUX 3aXBOPIOBaHb KULLKIBHUKA. Y GaraTbox nonepesHix
[OCNiMKEHHAX BUBYaNu ePeKTUBHICTb BU3HaueHHs GK
ansa andpepeHuiadii 3ananbHUX 3aXBOPOBaHb KMLLKIBHY-
Ka Big CMHAPOMY MOAPa3HEHOro KULWKiBHWKa [15], ane
110r0 He BMBYaNu SK HEIHBA3UBHUIN MapKep 3ananeHHs
npu KULIKOBMX iHeKuiax y aiten. Bigomo, wo uen
6inok [eKPeTYETLCS MO3aKNITUHHO-CTUMYNIbOBAHUMM
HenTpodinamm abo BMBINBHAETLCA NpY PYHYBaHHI,
3arnbeni knitTuH. HassHicte K y Kani KinbkicHO noe’s-
3aHa 3 mirpauieto HerTpodinie y LLKT. Omxe, BiH Moxe
6yT1 KOPUCHUM MApPKEPOM 3ananeHHs KULLKIBHUKA | Npu
iHdbekuinHin piapei (14) [16].

3Bakatoum Ha HaBeeHi haKTH, 4OLINbHUM € BUBYEH-
Hs ocobnmBocTeit NabopaTopHMX NPOsABIB 3ananbHOro
npoLecy Ta piBHS CMpPOBAaTKOBOrO IgAY AiTel i3 HU3bKMK
CMPOBATKOBMMM KOHLEHTPaLisiMn Zn Ha GOoHi iHdpekLii-
HOTO 3aXBOPIOBAHHS, LLO CYMPOBOMKYETLCS AiapeiiHiM
CHHIPOMOM.

Merta po6otu

HaecTv nopiBHANLHY XapakTepucTuky nabopaTtopHux
MPOSiBiB 3anarnbHOMo NPOLIECY Ta PiBHA CMPOBATKOBOTO IgA
npw iHGheKUiHiIA aiapei B AiTei paHHLOrO Biky 3anexHO
BiJ, CMPOBATKOBOI KOHLIEHTPALLii LIMHKY.

Marepianu i meToAM AOCAIAKEHHA

[o pocnimkerHs 3anyyunu 99 piten Bikom Big 1 4o 36
micsuiB i3 kniHikoto 11, siki NpoTArom nepLumx Tpbox Aid
BiZl no4aTky XBopobm Gynu rocnitaniaoBaHi 4o AUTSYOrO
kmwkosoro BiadineHHs KHIM «O6nacHa iHgekuinHa
KniHiyHa nikapHs» 30P (M. 3anopixcks), ae nepebysanm
Ha cTauioHapHomy nikyBaHHi. OCHOBHY rpyny noginumu
Ha Miarpynu: A0 NepLuoi 3any4nnu 77 Aiten, y Skux BMicT
Zn B CMpOBATL KPOBI Nif Yac NePBUHHOMO 0OCTEXEHHS
BiZNOBiAaB HOpMI; [0 ApYroi — 22 nawieHTiB, Y SKUX Len
nokasHuk ByB HKYMM Bif pedpepeHTHNX 3HauYeHb, Lo
HaBefeHi BUPOOHNKOM TECT-CUCTEMM.

MauieHTiB 3anyyanu Ao AOCRIAXEHHS NOTOYHUM
METOZIOM 3a HaOXOMKEHHAM A0 BiaaineHHs. Kputepii
3aryyeHHst 4O OCHOBHOI rpynu — BiK Big 1 Ao 36 micsuis;
KniHiyHi 03Hak |[; rocnitanisauist He GinbLL HiX Ha TPETIO
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OpwuriHaAbHiI AOCAIAXKEHHS

Tabauusa 1. Po3nogin nauieHTiB Niarpyn cnoctepexeHHs 3a etionorieto iHdekuinHoi aiapei, n (%)

S - = =T . A,

Mepwa, n =77 30 (38,9 %) 2(2,6 %) 8(10,3 %) 2(2,6 %) 4(5,2 %) 25 (32,5 %)
[pyra, n = 22 11 (50,0 %) 3 (13,6 %) 0 0 1(4,0 %) 5 (22,7 %)

He BCTaHOBWNM AOCTOBIPHOI Pi3HML MiX NiArpynamu 3a x% p/B: poTasipyc; H/B: Hopasipyc; a/B: acTpoBipyc.

[,00y 3aXBOPIOBaHHS; BifCYTHICTb BPOMKEHOT 4N XPOHIYHOT
natonorii LLIKT; BincyTHICTb BpomkeHoro 4n HabyToro imy-
HopediumTy; nignmcaHa 6atbkamu iHpopMoBaHa 3roaa Ha
yyacTb y gocnimpkeHHi. Kputepii BUKMoUYeHHs — BiK AUTUHN
MeHLLE Hix 1 Micaub i noHaz 3 poku; rocnitanisauis GinbLu
HiX Ha TpeTio foby nepebiry xBopobw; diarHocToBaHa
BpomKeHa Ta/abo xpoHiyHa natonoris LUKT; BpogxeHui
Yu HabyTni iMyHoaediLMT; BiACYTHICTb MMCHMOBOI iHADOP-
MOBaHOI 3rogu 6aTbKiB Ha y4acTb.

Y BIiKOBIlA CTPYKTYpi 060X NiArpyn NopiBHSHHS NepeBa-
xanu ity Bikom 12—36 micsauis: 54 i3 77 (70,0 %) nepuuoi
nigrpynv Ta 14 i3 22 (63,6 %) apyroi. MadieHTis apyroro
niBpivys xmTTa Byno 16 i3 77 (21,0 %) i 8 i3 22 (36,4 %)
BiANOBiAHO 3a migrpynamu. [litn Bikom Big 1 4o 6 micauis
6ynu Tinbkv B nepwin nigrpyni — 7 (10 %) oci6. B 060x
niarpynax nepesaxanu xnonui: 74,0 % (n = 57) y nepLuin
nigrpyni 1a 72,7 % (n = 16) y apyrin.

ETionoris 3axBoptoBaHHs BCTaHOBMeHa 3a pe3ynbra-
Tamu cneumndivH1X OCTiDKEeHb BUNOPOXHEHb. Busenamm
aHTWreH BipyciB y hekanisx naujieHTiB iMyHoxpomaTo-
rpacpiyHum metopom Cito Test (TOB «®APMACKO»)
— poTa-TeCT, Hopa-TeCT Ta aCTPO-TECT; 3AiNCHUIN GakTe-
pionoriyHe AOCTIMKEHHS Kary Ha KULLKOBY NaTOreHHY rpy-
ny. Po3nogin eTionoriYHnX YAHHUKIB HEe MaB 3aneXHOCTi
Bifl CMPOBATKOBOI KOHLEeHTpaLii Zn (mabn. 1). BipycHa
etionoris I nigTBepmkeHa y 42 (54,5 %) fitei i3 nepLuoi
Ta 14 (63,6 %) naujeHTiB i3 gpyroi miarpynw (p > 0,05),
GaktepianbHa —y 4 (5,2 %) Ta 1 (4,0 %) Bunaaky Bigno-
BigHO 3a nmigrpynamu (p > 0,05).

KpiM 3aranbHOKNIHIYHMX AOCTigKeHb, Y AeHb rocni-
Tanisauii B yCix nauieHTiB BU3Haumnu piseHb C-peakTus-
Horo binka (CPB) imyHoepMeHTHUM MeTOOM i piBeHb
Zn y KpOBi 3 BUKOPUCTAHHAM KOMTIOMETPUYHOTO TeCTy 3
5-6pom-PAPS (tect-cuctema Global Scientific), aHania
BUKOHAMN y AieHb B3ATTS KPOBi. 3a iHCTPYKUiE [0 Uiei
TecT-cUCTEMM, pedpepeHTHI MOKa3HUKN KOHLLEHTpaLii Zn
y ZiTeit y cupoBaTLi KpoBi ctaHoBNATL 63,8—110,0 mkr/an
(9,8-16,6 mkmonb/n). [ns gocnipkeHHs BUKOPUCTOBYBa-
N BEHO3HY KPOB, AIKy Opanu Ha NepLUMiA, TPETIN i m'aTuii
OHi rocniTanisauii. Y 3paskax KpoBi BU3Hayanm Takox
piBeHb iHTepnenkiHiB i cuposatkoBoro IgA 'y 34 gitei i3
nposisamu I (nepLua nigrpyna — 16 nauieHTiB i3 Hopmars-
HUM BMiICTOM Zn KpoBi, Apyra — 18 oci6 3i 3HwkeHuM). [Ans
BU3Hau4eHHs piBHiB L-16, IL-10 3acTocyBanm TecT-cuctemy
High Sensitivity ELISA, ans IL-6 — ELISA Kit (USA), ans
IgA — Serazym Human IgA (Germany). [ocnigpxeHHs
BUKOHaNu iMyHOepMeHTHUM MeTofdoM. 3rifdHo 3 pe-
KOMeHZauUisMn BUPoBHMKa TecT-cucTeMu, pedepeHTHI
3HayeHHst IgA 'y cvpoBarui kposi cTaHoBnaTe 100-1310
mg/ml i gitei Bikom Big 1 o 12 micsauis, 19-395 mg/ml
— BikoM Big 12 micsuiB o 13 pokis.

Bukonanu ekcnpec-tect kany H & R Calprotectin-
Lactoferrin (Spain), 3a pesynsratamu KOro BU3Ha4€HO
HassHicTb ®K i JI® imyHoxpomaTorpadiiyHiM METOLOM Yy
nepLUMii AeHb rocnitanisaji.

Maronoris. Tom 21, Ne 3(62), BepeceHb — rpyaeHb 2024 p.

[o rpynu nopisHsHHS 3anyunnu 10 giten 6e3 giapei

Ta iHWKUX KNiHIYHUX O3HaK iHEeKUiHOT naTonorii, sKi
6ynu rocnitanizoBani 4o KHIM «Micbka autaya nikapHs
Ne 5» 3MP (m. 3anopixoks). Y aeHb rocnitanisadii B aiten
Opanu KpoB Anst BU3HAYEHHS PIBHIB Zn Ta iHTeprelikiHiB.
Kputepii 3anyyeHHs 40 rpynu NOPIBHAHHSA — BiK AUTUHM
Big 1 Ao 36 micsuiB; BiACYTHICTb iHdeKUiNHOT naTonorii;
nignmcaHa iHgopmoBaHa 3rofa 6aTbkiB Ha y4acTb y [0-
cnigpkeHHi. Kputepii BUKMOYEHHS AiTel rpynu NopiBHSAHHS
3 JOCTiMKEHHS — BiK AUTUHUN MEHLLE HiX 1 Micsub i noHag,
36 MmicsLiB; BUSBNEHI 03HaKV iHPEKLIHOIO 3aXBOPHOBaH-
HS1; BIACYTHICTb iHGbopMOBaHOI 3rogm BaTbKiB Ha y4acTb.

[ns cTtaTCTUYHOrO onpauloBaHHS B mporpami
Microsoft Office Excel 2010 cchopmyBanm 6a3y gaHux, Ha
OCHOBI SIKOT 30iNCHUNM aHani3 pe3ynbTaTiB, BUKOPUCTaB-
wm nporpamy Statistica for Windows 13 (Stat Soft Inc.,
Ne JPZ8041382130ARCN10-J). BctaHoBmnu, Lo posro-
[JiN MOKa3HWKIB y rpynax He BignoBigaB HOPMarnbHOMY, i
TOMY Hafani BUKOPUCTanu MEeTOAM HenapameTpuYHOi cTa-
TucTukm. KinbkicHi 3Ha4yeHHst HaBeaeHo sik megiaHy (Me)
Ta MiXKBapTUIbHUIA po3max (Q25; Q75). [Ins BU3HaueHHs
[OOCTOBIPHOCTI BiAMIHHOCTE YacTOTW peecTpalLii AKICHMX
MOKa3HWUKIB y rpynax MopiBHAHHS 3aCTOCyBanu KpUTepii
X% [ins ouiHIOBaHHSA BipOrigHOCTI BigMIHHOCTEN [OBOX
He3aneXHVX rpyn 3a KinbKiCHAMM 03HaKamu BUKOpUCTanu
kpuTepin ManHa—BiTHi. KpuTiHWiA piBeHb 3HaYyLLOCTi
NS NepeBipku CTAaTUCTUYHUX FiNoTe3 y AOCRIKEHHI
BCTaHOBIEHO Ha piBHi <0,05.

Pe3ynbTatu

Bpaxosytoun, wo CPB — mapkep 3ananbHOro npoecy,
npoaHani3ysanu 1oro piBeHb Kposi 99 navjieHTiB y de-
6tori I[]. B pe3ynbraTti 4OCTIMKEHHS BCTAHOBWNK, LLO i 32
yacToToto peecTpauii niasuiieHHs CPB kposi (y 213 77
(27,27 %) piTen i3 nepLuoi nigrpynn tay 73 22 (31,81 %)
ocib gpyroi, p > 0,05), i 3a oro pisHeM (5,0 (5,00; 12,05)
mr/n Ta 5,0 (5,00; 21,50) mr/n BignosigHo, p = 0,47) no-
CTOBIPHWX BiMIHHOCTEN MixX nigrpynamm He 6yro.

MNpoaHaniayBasLumM pe3ynbratyi BU3HayeHHs OK'y kani
AKICHUM METOZOM, TaKOX HE BUSIBUMK BiAMIHHOCTEN MixX
rpynamu NOpIBHAHHSA. Tak, Manxe y KOXHOI AnTuHu 3 I
Lien TecT No3nTUBHUIA, 30Kpema y 73 nauieHTiB nepLuoi
nigrpynm (94 %) Ta'y 20 (90 %) oci6 i3 gpyroi (p > 0,05).
Kpim TOro, He BCTAHOBMEHO AOCTOBIPHOI Pi3HULI 3a
YaCTOTOK BUSIBMEHHS! NO3UTUBHOIO J1® y kani: y 27 i3 77
(35,06 %) piTen i3 HopmanbHUM piBHeM Zn kposi, y 10 i3
22 (45,45 %) oci6 3i 3HwxeHum (p > 0,05).

Omxe, Taki Mapkepy 3ananeHHs, sk CPB kposi, OK i
J1® He 3anexanu Big cMpoBaTKOBMX piBHIB Zn aitew 3 1.

MopiBHANBHUI aHani3 piBHSA LMTOKIHIB KPOBI MoKa-
3aB NEeBHi BIAMIHHOCTI 1 MiX Migrpynamu, i WoAo rpynu
NOpiBHsIHHA. TakK, 3a AaHUMMK, Lo HaBeaeHi B mabnuui 2,
piBeHb IL-10 y cvpoBarui kposi giten 3 I obox nigrpyn
Malixe BTPWYI BULLMIA 3a BIOMNOBIAHWIA NOKA3HWK AiTEN
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Tabauusa 2. PiBeHb iHTEpReiikiHiB KPOBI AiTel i3 rpyn NOpiBHsIHHS B AUHAMILi rocTpoi kuLkoBoi iHdekuii, Me (Q25; Q75)

Miarpyna / rpyna pocnimkeHHs IL-1B, pg/ml

Mepwa nigrpyna, n = 16

[pyra nigrpyna, n = 18

pyna nopisHsHHA, n = 10

1 neHb 0,28 (0,12; 0,68)
5 neHb 0,30 (0,12; 0,62)
1 neHb 0,04 (0,02; 0,18)***
5 neHb 0,09 (0,04; 0,22)*#
1 AeHb 0,32 (0,12; 0,78)

IL-6, pg/ml IL-10, pg/ml

*

2,54 (1,22; 14,46)
2,18 (0,34; 17,34)

9,68 (7,82; 13,10)
9,54 (7,68; 17,78)"

( (
0,63 (0,44; 3,36) 9,82 (5,98; 11,68)*
1,61 (0,40; 12,72) 8,83 (5,20; 16,36)*
1,28 (0,08; 5,40) 3,18 (2,84; 3,56)

*1 p < 0,05 mix nigrpynoto Ta rpynoto nopiBHAHHSA 3a nokasHukom MaHHa—BiTHi; **: p < 0,05 Mix nigrpynamu B nepLunii jeHb 3a nokaaHukoMm ManHa—BiTHi; #: p < 0,05 — mix
niarpynamMu Ha M'sTuii AeHb rocnitanisauii 3a nokasHukoMm ManHa—BiTHi.

Tabauus 3. PiBeHb IgA y cpoBaTLi KpoBi AiTell y AMHaMILi rocTpOi KULWIKOBOT iHGeKLii 3anexHo Big BMICTY Zn KpoBi Ha Yac rocnitanisauii, Me (Q25; Q75)

IgA, mg/ml (1 neHb) IgA, mg/ml (3 neHb) IgA, mg/ml (5 neHb)

Mepwa nigrpyna, n = 16
[pyra nigrpyna, n = 18

167,65 (62,80; 244,45)
196,96 (120,48; 250,09)

269,20 (238,41; 368,33)
158,72 (78,62; 230,37)

176,63 (110,12; 230,36)
127,72 (74,12; 205,01)***

*: p < 0,05y niarpyni Mix nepLumm i M'aTuM AHeM 3a nokasHukoM MaHnHa-BiTHi; **: p < 0,05 Mix nigrpynamu Ha m’siTuit AeHb 3a nokasHukom MaHHa-BiTHI.
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i3 rpynu nopiBHAHHS: y nauieHTis 3 I nepLuoi Ta apyroi
nigrpyn — 9,68 (7,82; 13,10) pg/ml i 9,82 (5,98; 11,68)
pg/ml BiANOBIAHO, a B rpyni nopiBHsHHSA — 3,18 (2,84; 3,56)
pg/ml (p = 0,001 wopo nepoi niarpynu, p = 0,04 wopno
apyroi). Lli 3miHn 36epiranucs Ha n'aTuii AeHb NikyBaHHS.

PiseHb IL-1B kposi B AebtoTi I y aiten i3 Hop-
marnbHuM Bmictom Zn (0,28 (0,12; 0,68) pg/ml) maibxe
BignoBigas nokasHuky 3noposux (0,32 (0,12; 0,78) pg/ml,
p =0,83). 3azHaunMo, L0 XBOPi 3i 3HMKEHNM piBHEM ZNn
KPOBI Manu HWXYi KOHUEeHTpauii uboro umtokiHy (0,04
(0,02; 0,18) pg/ml, p = 0,05), i B 8eboTi XBOPOOM Y KOX-
HOro Apyroro nauieHTa uiei nigrpynu IL-1B sHmkeHun,
a By Opyri migrpyni — TifbKK Y KOXHOTO YeTBEpTOro
(p = 0,019). Xoya Ha N'aTUIA OeHb NiKyBaHHS | BU3Ha-
YeHo BiporigHe 30inblueHHs KoHUeHTpauii IL-1B y kpoBi
navieHTiB Apyroi Nigrpyny WoAo BigMoBiZAHOro NokasHuka
B AeHb rocnitanisadii (p = 0,016), ane BoHa 3anuwu-
nacs [OCTOBIPHO HUXYOL0, HX Y rpyni 300pOBMX AiTei
(p=0,01). Wopgo IL-6, To Mixx nigrpynamm SocnigxeHHs
Ta rpynoto NopiBHSHHSA He 3ad)ikCOBaAHO CTATUCTUYHO
BipOrigHMX BIOMIHHOCTEN 3a MOro KOHLEHTpaLieto Hi B
[e6toTi 3aXBOPIOBAHHS, Hi B AMHaMIL.

KiHLEBO NaHKO IMYHHOI BiANOBIZj € CUHTE3 aHTUTIN,
1y pasi ypaxeHHs LLKT npw upomy HaibinbLue 3Ha4eHHs
MatoTb IgA. Y pesynbrati aHanisy piHiB CUPOBATKOBOrO
IgA (mabn. 3) BUSBUNM TEHOEHLiKO [0 WOT0 3HKEHHS
Ha TpeTo A00Y nikyBaHHS AiTel i3 HU3bKUM piBHEM Zn
y kpoBi (158,72 (78,62; 230,37) mg/ml, p = 0,07), a Ha
M'ATUIA AeHb 3ad)iKCOBAHO BIPOTAHO HVKYI MOKA3HWKY i
woao nepwoi nigrpynu (127,72 (74,12; 205,01) mg/ml,
p=0,03), i Lwono nepLuoro AHs cnioctepexerHs (p = 0,02).
OTxe, y pe3ynbrari LOCMiMKEeHHS BCTAHOBUIU, LLO Y AiTEN
i3 HU3bKMMM KOHLEHTPALisiMM Zn B KPOBI BiabyBaeTbCA
MOCTYMOBE BUCHAXEHHS LiiEi MaHK1 iMyHHOI BignoBizi.

06roBopeHHA

Bigpomumu mapkepamu 3anansHoro npouecy € CPB, ®K
i N1®. BusienenHst ©K i [1® agincHnnm sikicHum metoaom,
y pe3ynbTaTti He BCTaHOBWUNW BiAMIHHOCTeW y rpynax
nopiBHsHHS. Lii aaHi He 36iratoTbest 3 pesynsratamu, Lo
BCTAHOBMEHI N Yac iHWux gocnimkeHb [15]. 3rigHo 3
Hawwumn gaHumn, CPB He 3anexas Bi CYPOBATKOBOI
KoHUeHTpauii Zn npu I y aiten. Lli pesynsratu nigteep-
[DKYIOTb BIiOMOCTI (haxoBoi niTepatypw, Ae nokasaHo:
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pobasku Zn He 3miHunu pisHi CPB y cupoBatLi KpoBi
naviexTis [17,18].

IL-1B, IL-6 — npo3ananbHi LMTOKiHaMW, Siki BUBYanm
npu Baratbox NaTonorisx: CepLeBO-CYANHHNX 3aXBOPHO-
BaHHSX, AENPECVBHUX CTaHax, OHKOMATOMNOrisX, 3ananb-
HUX 3aXBOPOBaHHSX CyrnobiB i kuwwkiBHMKa [19,20,21].
Bigomo, Wwo gediumt Zn acouitoetbes 3 NiABULLEHHAM
MpoayKuii Npo3ananbHuX LMTOKiHIB, sk-oT IL-1p, IL-6 [5].
Mig Yac gocnimxeHHs ouiHMnK L nokasHuki npu IOy aiten
PaHHLOTO BiKy 3aNeXHO Bif CMPOBATKOBOI KOHLiEHTpaLii
Zn. BecraHoBunu, Lo piseHb IL-1f y neplumin aeHb niky-
BaHHS1 i Npu HopManbHOMy BMicCTi Zn 'y kposi (p = 0,83), i
npw 3HmxeHomy (p = 0,05) AOCTOBIPHO He BiAPI3HABCS B,
noKasHvKa 30opoBuMX AiTen. Hagani BusieneHo BiporiaHe
3HWXKeHHs piBHs IL-1B Ha n'aTy o6y nikyBaHHS fAiTelt i3
HM3bKMMM CPOBATKOBMMM KOHLIEHTpaLisiMm Zn. 3a3Haun-
MO, LLO Y (haxoBil niTepaTypi, Ska NpucBsYeHa BUBYEHHIO
3ananbHoi BignoBidi Npu Aiapesx y AiTed, HaBeAeHO
CynepeynuBi BifoOMOCTi oo KoHUeHTpauin IL-1B. Tak,
3a gaHumu F. Qin et al., koHueHTpauis IL-1f y cupoBarui
KPOBI y AiTel i3 fiapeeto icToTHO Buwwa (p < 0,05), Hix y
300pOBUX OCIO BIiANOBIAHMX BIKOBUX rpyn [22].

3rigHO 3 HALLMMK JAHUMK, HE BUSIBMEHO 3B'A3KY MiX
BMICTOM iHLLIOrO Npo3ananbHOro UnTokiHy — IL-6 — y kposi
aiten 3 I i cupoBaTkoBO KOHUEHTpauieto Zn. OgHak y
npaui F. Qin et al. HaBeaeHo: piBeHb IL-6 BULLWIA Y naLlieH-
TiB i3 HU3bKMMM CUPOBATKOBVMY KOHLiEHTpaLismmn Zn [22].
3rigHo 3 pesynsTatamu iHLWIMX AOCHIAHNKIB, KOHLEHTpaLis
IL-6 y piTen 3 |[] nepeBuLLye BiANOBIAHMI NOKa3HUK 300PO-
Bux [23]. OnybnikoBaHo BiBOMOCTi, 3riAHO 3 kMW J06aBKM
Zn NO3UTUBHO BMIMBANM Ha PiBHI Npo3anasnbHUX LTOKIHIB:
MNPV BULLWMX PiBHSX ZN BU3HAYEHO HIDKYI PiBHI Npo3ananb-
HUX LUMTOKIHIB IL-1 Ta IL-6 [17,24]. Pa3om i3 TuM, OKpeMi
aBTOPW 3p0BKNM A NPOTUNEXHI BUCHOBKY, @ came Mpo Te,
Lo MpUIMaHHA npenaparis Zn AiTbMW He BMAVHYMO Ha
PIBEHb LMTOKIHIB | KOHLEHTPALLit0 T-KMiTUH [25].

IL-10 — kn4OBMIA NpOTU3ANANBLHUIA LUTOKIH, SKUN
MOXe 0OMEXYBaTW akTMBALK0 iIMYHHWX KIITUH i MpoaykK-
Lit0 LUMTOKIHIB IMYHHAMM KMiTUHAMU BPOMKEHOI JTAHKW.
Brpara nepegavi curHanis IL-10 npussoguth g0 Hebe3-
NEYHMX ANS XUTTS 3ananbHWUX 3aXBOPHOBaHb KMLIEYHMKA
y ntofen i Ha TBapuHHUX Mogensx [26]. Mg yac Hawworo
[OCTiMXeHHs BCTaHOBWNK, WO B Aitew 3 Il Bnpogosx
XBOpOo6Y piBeHb IL-10 BiporiaHO NiaBMLLEHWIA HE3aNEXHO
Bifj CMPOBATKOBOI KOHLIEHTpaLi Zn.
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OTxe, BCTAHOBNEHO Pi3HOCNPSMOBAHICTb NPOAYKL;i
npo3sananbH1X LUMTOKIHIB npu I y AiTen 3i 3HWKeHUM
BMICTOM Zn KpoBi: BMICT |L-13 JOCTOBIpPHO 3HWXEHW
npy HopMmarnbHUX KoHLUeHTpauisx IL-6. Lie Biabysanocs
Ha ooHi HeafeKBaTHOrO NPUIHIYEHHS 3ananbHoi peakuii
OpraHiamy LLNSXOM aKTUBHOI MpogyKLii NpoT13ananbHoro
umTokiHy 1L-10.

IgA BMKOHYE BaXKnUBY porb B iMYHHOMY 3aXMCTi
Cnm3oBMx 0OOMOHOK Bifl MPOHUKHEHHS NaTtoreHis [27].
3aranom npoTtusananbHnin edheKT CMPOBATKOBOTO Ta Ce-
KpeTopHoro IgA Bigirpae Br3HauanbHy posb y disionorii
Ta 3anobiraHHi NOLIKOMKEHHIO TKAHWUH MPU MHOXWUHHUX
ayTOIMYHHWX i 3ananbHuX 3axBoptoBaHHsX [28]. 3rigHo
3 JaHNMW, O ofepXani Mif Yac HaLLoro AOCHIMKEHHS,
3achikcoBaHo NocTynoBe (Ha n'aTy foby NikyBaHHS) BUC-
HaXXeHHS LIiET NaHK1 IMyHHOI BigNOBIAj B AiTEN i3 HU3bKUM
CYPOBAaTKOBUM BMICTOM Zn.

BucHoBKU

1. Husbki cmpoBaTKoBi KOHUEHTpaLii Zn He BnnvBa-
t0Tb Ha CTaH HecnewumdiYHX MapKepiB 3ananbHoi peakLii
(C-peakTviBHUIA GiNOK, NakTOPepuH i hekanbHUA Kanb-
MPOTEKTVH) y AiTel 3 iHpeKLinHO aiapeeto.

2.Y [iTen i3 HU3bKUMM CUPOBATKOBMMM KOHLLEHTpa-
uismm Zn 'y nebroTi 3aXBOPIOBaHHS Ta Ha M'ATUA AeHb
iHcbeKLinHOI Aiapei BCTaHOBNEHO 3HIMKEHMI piBeHb IL-11
Ta iCTOTHe niaBuLLEeHHs BMicTY IL-10; Le cBigu1Tb Npo au-
cbanaHc y oyHKLOHYBaHHi cucTeMm 3anarnbHoi Bignosiai.

3.Y fiTen i3 HU3bKMM piBHEM Zn KPOBI Nig Yac iHgek-
LiNHOI diapel BU3HAYeHO 3HWKEHHS piBHSA IgA KpoBi Ha
n'sTy 0oy nikyBaHHS.

MepcneKTMBYU NOAAABLLKMX AOCAIAXKEHb MOMSralTb
y NMPOAOBXEHH BUBYEHHS BMIIMBY CUPOBATKOBOI KOH-
LieHTpaLii Zn Ha NposiBM 3anarnbHOro MpoLecy, a Takox
piBHS CMpPOBATKOBOrO IgA npw iHEKLINHIN fiapeiy aiten
paHHbOro BiKy AN ONTUMI3aLlii NPorHo3yBaHHs nepebiry
TOCTPUX KULLIKOBMX IHEDEKLN Ta BU3HAYEHHS ONTUManbHOT
TaKTUKM NiKyBaHHS.

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

Hapinwaa po pepakuii / Received: 23.05.2024
Micas poonpauroBaHHs / Revised: 06.09.2024
CxBaneHo A0 Apyky / Accepted: 11.09.2024

Biaomocrti npo aBTopiB:

MeuyriHa B. B., PhD-acnipaHT kad. AUTAUMX IHGEKLIMHIX XBOPOO,
3anopisbkui AepxaBHUI MeAUKO-GapMaLEBTUYHWIA YHIBEPCHTET,
YkpaiHa.

ORCID ID: 0009-0007-6105-911X

Ycauoga 0. B., A-p Mea. Hayk, npodecop, 3aB. Kad. AUTAUMX
HOEKLIMHKUX XBOPOO, 3anopi3bkuii AEPXaBHUI MEAUKO-
bapMaLeBTUUHWI yHiBepcuTeT, YkpaiHa.

ORCID ID: 0000-0003-0250-1223

Information about the authors:

Pechuhina V. V., PhD student of the Department of Pediatric
Infectious Diseases, Zaporizhzhia State Medical and
Pharmaceutical University, Ukraine.

Usachova 0. V., MD, PhD, DSc, Professor, Head of the Department
of Pediatric Infectious Diseases, Zaporizhzhia State Medical and
Pharmaceutical University, Ukraine.

Maronoris. Tom 21, Ne 3(62), BepeceHb — rpyaeHb 2024 p.

OpwuriHaAbHiI AOCAIAXKEHHS

References

1.

2.

3.

10.

1.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Kim B, Lee WW. Regulatory Role of Zinc in Immune Cell Signaling. Mol-
eculesandcells. 2021;44(5):335-41. doi: 10.14348/molcells.2021.0061
Maywald M, Wessels |, Rink L. Zinc Signals and Immunity. Int J Mol
Sci. 2017;18(10):2222. doi: 10.3390/ijms 18102222

Maares M, Haase H. Zinc and immunity: An essential interrelation. Ar-
chives of biochemistry and biophysics. 2016;611:58-65. doi: 10.1016/}.
abb.2016.03.022

Alker W, Haase H. Zinc and Sepsis. Nutrients. 2018;10(8):976.
doi: 10.3390/nu10080976

Kramarov SO, Yevtushenko VV, Yevtushenko OM. [The value of zincin
infectious diseases in children]. Aktualna infektolohiia. 2020;8(1):17-24.
Ukrainian. doi: 10.22141/2312-413x.8.1.2020.196167

Knez M, Stangoulis JCR. Dietary Zn deficiency, the current situation and
potential solutions. Nutr Res Rev. 2023;36(2):199-215. doi: 10.1017/
S0954422421000342

SannaA, Firinu D, Zavattari P, Valera P. Zinc Status and Autoimmunity:
A Systematic Review and Meta-Analysis. Nutrients. 2018;10(1):68.
doi: 10.3390/nu10010068

Ohashi W, Fukada T. Contribution of Zinc and Zinc Transporters in
the Pathogenesis of Inflammatory Bowel Diseases. J Immunol Res.
2019;2019:8396878. doi: 10.1155/2019/8396878

Teriv PS, Shkurupii DA. Defitsyt tsynku: aktsent na pytanniakh in-
tensyvnoi terapii hostroi tserebralnoi nedostatnosti. In: Boichuk YD,
editor. Zahalna teoriia zdorovia ta zdoroviazberezhennia. Kharkiv:
Vydavnytstvo Rozhko SH; 2017, p. 153-8. Ukrainian. Available
from: http://repository.pdmu.edu.ua/bitstream/123456789/4888/3/
dca.pdf

Mayer LS, Uciechowski P, Meyer S, Schwerdtle T, Rink L, Haase H.
Differential impact of zinc deficiency on phagocytosis, oxidative burst,
and production of pro-inflammatory cytokines by human monocytes.
Metallomics. 2014;6(7):1288-95. doi: 10.1039/c4mt00051j

Gammoh NZ, RinkL. Zinc in Infection and Inflammation. Nutrients.
2017;9(6):624. doi: 10.3390/nu9060624

Galant-Swafford J. Selective Immunoglobulin A Deficiency and the
Microbiome. Crit Rev Immunol. 2021;41(6):1-12. doi: 10.1615/CritRe-
vimmunol.2022042293

Zhang J, van Oostrom D, Li J, Savelkoul HF. Innate Mechanisms in
Selective IgA Deficiency. Front Immunol. 2021;12:649112. doi: 10.3389/
fimmu.2021.649112

Lezyk-Ciemniak E, Tworkiewicz M, Wilczynska D, Szaflarska-Poptawska
A, Krogulska A. Usefulness of Testing for Fecal Calprotectin in Pediatric
Gastroenterology Clinical Practice. Med Princ Pract. 2021;30(4):311-9.
doi: 10.1159/000512631

Khaki-Khatibi F, Qujeq D, Kashifard M, Moein S, Maniati M, Vaghari-
Tabari M. Calprotectin in inflammatory bowel disease. Clin Chim Acta.
2020;510:556-65. doi: 10.1016/j.cca.2020.08.025

CisarQ F, Pizzol A, Rigazio C, Calvo PL. Fecal calprotectin in the pe-
diatric population: a 2020 update. Minerva Pediatr. 2020;72(6):514-22.
doi: 10.23736/S0026-4946.20.06002-8

Mousavi SM, Djafarian K, Mojtahed A, Varkaneh HK, Shab-Bidar
S. The effect of zinc supplementation on plasma C-reactive protein
concentrations: A systematic review and meta-analysis of randomized
controlled trials. Eur J Pharmacol. 2018;834:10-6. doi: 10.1016/j.
ejphar.2018.07.019

Ceylan MN, Akdas S, Yazihan N. The Effects of Zinc Supplementation
on C-Reactive Protein and Inflammatory Cytokines: A Meta-Analysis
and Systematical Review. J Interferon Cytokine Res. 2021;41(3):81-
101. doi: 10.1089/jir.2020.0209

Cui G, Yuan A, Sun Z, Zheng W, Pang Z. IL-1B/IL-6 network in the
tumor microenvironment of human colorectal cancer. Pathol Res Pract.
2018;214(7):986-92. doi: 10.1016/}.prp.2018.05.011

Ridker PM, Rane M. Interleukin-6 Signaling and Anti-Interleukin-6 Ther-
apeutics in Cardiovascular Disease. Circ Res. 2021;128(11):1728-46.
doi: 10.1161/CIRCRESAHA.121.319077

Ng A, Tam WW, Zhang MW, Ho CS, Husain SF, McIntyre RS, et al.
IL-1B, IL-6, TNF- o and CRP in Elderly Patients with Depression or
Alzheimer’s disease: Systematic Review and Meta-Analysis. SciRep.
2018;8(1):12050. doi: 10.1038/s41598-018-30487-6

Qin F, Wu H, Li X, Han J. Correlation between changes in gut
flora and serum inflammatory factors in children with noninfec-
tious diarrhea. J Int Med Res. 2020;48(1):300060519896154.
doi: 10.1177/0300060519896154

Kelly CP, Chen X, Williams D, Xu H, Cuddemi CA, Daugherty K, et al.
Host Immune Markers Distinguish Clostridioides difficile Infection From
Asymptomatic Carriage and Non-C. difficile Diarrhea. Clin Infect Dis.
2020;70(6):1083-93. doi: 10.1093/cid/ciz330

Yusuf S, Soenarto Y, Juffrie M, Lestariana W. The effect of zinc sup-
plementation on pro-inflammatory cytokines (TNF-a, IL-1 AND IL-6)
in mice with Escherichia coli LPS-induced diarrhea. Iran J Microbiol.
2019;11(5):412-8.

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

257


https://orcid.org/0009-0007-6105-911X
https://orcid.org/0000-0003-0250-1223
https://doi.org/10.14348/molcells.2021.0061
https://doi.org/10.3390/ijms18102222
https://doi.org/10.1016/j.abb.2016.03.022
https://doi.org/10.1016/j.abb.2016.03.022
https://doi.org/10.3390/nu10080976
https://doi.org/10.22141/2312-413x.8.1.2020.196167
https://doi.org/10.1017/S0954422421000342
https://doi.org/10.1017/S0954422421000342
https://doi.org/10.3390/nu10010068
https://doi.org/10.1155/2019/8396878
http://repository.pdmu.edu.ua/bitstream/123456789/4888/3/dca.pdf
http://repository.pdmu.edu.ua/bitstream/123456789/4888/3/dca.pdf
https://doi.org/10.1039/c4mt00051j
https://doi.org/10.3390/nu9060624
https://doi.org/10.1615/CritRevImmunol.2022042293
https://doi.org/10.1615/CritRevImmunol.2022042293
https://doi.org/10.3389/fimmu.2021.649112
https://doi.org/10.3389/fimmu.2021.649112
https://doi.org/10.1159/000512631
https://doi.org/10.1016/j.cca.2020.08.025
https://doi.org/10.23736/S0026-4946.20.06002-8
https://doi.org/10.1016/j.ejphar.2018.07.019
https://doi.org/10.1016/j.ejphar.2018.07.019
https://doi.org/10.1089/jir.2020.0209
https://doi.org/10.1016/j.prp.2018.05.011
https://doi.org/10.1161/CIRCRESAHA.121.319077
https://doi.org/10.1038/s41598-018-30487-6
https://doi.org/10.1177/0300060519896154
https://doi.org/10.1093/cid/ciz330

258

Original research

25.

26.

27.

28.

Kewcharoenwong C, Schuster GU, Wessells KR, Hinnouho GM, Barf-
four MA, Kounnavong S, et al. Daily Preventive Zinc Supplementation
Decreases Lymphocyte and Eosinophil Concentrations in Rural Laotian
Children from Communities with a High Prevalence of Zinc Deficiency:
Results of a Randomized Controlled Trial. J Nutr. 2020;150(8):2204-13.
doi: 10.1093/jn/nxaa037

York AG, Skadow MH, Oh J, Qu R, Zhou QD, Hsieh WY, et al. IL-10
constrains sphingolipid metabolism to limit inflammation. Nature.
2024,627(8004):628-35. doi: 10.1038/s41586-024-07098-5

Hansen AL, Reily C, Novak J, Renfrow MB. Immunoglobulin A
Glycosylation and Its Role in Disease. Exp Suppl. 2021;112:433-77.
doi: 10.1007/978-3-030-76912-3_14

Mkaddem SB, Christou |, Rossato E, Berthelot L, Lehuen A, Monteiro
RC. IgA, IgA receptors, and their anti-inflammatory properties. Curr
Top Microbiol Immunol. 2014;382:221-35. doi: 10.1007/978-3-319-
07911-0_10

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

Pathologia. Volume 21. No. 3, September — December 2024


https://doi.org/10.1093/jn/nxaa037
https://doi.org/10.1038/s41586-024-07098-5
https://doi.org/10.1007/978-3-030-76912-3_14
https://doi.org/10.1007/978-3-319-07911-0_10
https://doi.org/10.1007/978-3-319-07911-0_10

YAK 616.62-006.6:616-091.8]-074/-076
DOI: 10.14739/2310-1237.2024.3.313797

Ornsaau

PekomeHAaL|i LLLOAO NPOTOKOAY NATOriCTOAOTiUHOr0 AOCAIAKEHHSA
GionTartiB i 3pa3kiB TpaHCypeTpaAbHOI pe3eKLii paKy ce4oBoro mixypa

3riAHO 3 oHoBAeHHAMM V BUAAHHA Khacuikauii BOO3 (2022)

H. C. BoHpapeHko®*ABCP O, 0. BoHpapeHKO®BECE M. 0. MonioHDBE,
M. O. MNpuueHko@CE, |, C. LUnoHbKka®AEF

AHINPOBCLKMIM AepPXaBHWUI MEAWYHWI YHIBEpCHTET, YkpaiHa

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

F - octatouHe 3aTBEPAXEHHS CTaTTI

Pak ce4oBoro mixypa (PCM) € eB’ATUM 3a MOLUMPEHICTHO 3MOSIKICHAM HOBOYTBOPEHHSIM Y CBITi, @ 3aXBOPIOBAHICTb | CMEPTHICTb
Bi PCM nepeBaxae B iHayCTpianbHO PO3BMHEHNX KpaiHax (3okpema y kpaiHax LieHTpanbHoi Ta CxigHoi €8ponu) nopiBHAHO
3 3arabHUMU NOKa3HMKamK y cBiTi. Po3pobneHHs cTaHaapT30BaHOMo CTPYKTYPOBAHOMO NPOTOKOMY Af1s NATOrCTONOrNYHOro
[OCnimKeHHs 3paskiB nepBuHHOI Gioncii Ta TpaHcypeTpanbHoi pesekuii (TYP) ceyoBoro Mixypa, L0 BKMOYAE OHOBMEHHS
V BugaHHs knacudikauii BOO3 nyxnuH cevoBmBigHMX i YOMOBIUMX cTaTEBUX OpraHiB (2022), CyTTEBO NOKPALLUMTL SKICTb
[iarHoCTUKM Ta BNAUHE Ha BMGIp onTMMarnbHOI TPAeKTOopii MiKyBaHHS.

Meta po60oT — HaBECTW KNOYOBI OHOBIEHHS! OCTaHHbLOI Knacudikauii myxnuH ceyoBoro Mixypa BOO3 (2022), Bueunty
CTaHZapTV Ta NPOTOKONM NATOrCTONONYHOTO AOCHIMKEHHS 3paskiB NepBuHHOI Bioncii Ta TYP cevoBoro mixypa, Lo 3acTo-
COBYIOTb Y CBITOBIll NPaKTWL, @ TaKOX PO3POBUTM YKpaiHCLKY BEPCiK0 NPOTOKOMY naToricTonoriyHoro gocnimkeHHs PCM, wo
BPaAxoByBaTMe KIiHIYHO peneBaHTHi acnekTy.

Marepianu i meToau. [NpoaHaniaysanu BigoMOCTi HAyKOBOI NiTepaTypy 3 HaykomMeTpuiHux 6a3 gaHnx PubMed i Web of Science.
Mig vac nowyky BUKopUCTanu kno4oBi crosa: bladder cancer, pathology report, grade, stage, histological subtype, WHO 2022.

Pesyabtatu. HaBeneHo octaHHi oHoneHHst BOOS3 knacudikauii PCM i 3anponoHoBaHo CTaHaapTW30BaHWii NPOTOKON naTo-
ricTonoriyHoro AocnimKeHHs 3paskiB nicns nepsuHHOI Bioncii Ta TYP ce4yoBoro mixypa, Lo po3pobneHunii LWnsxom agantadii
YMHHUX MKHApPOAHMX peKOMeHZaLin, BuaaHux Konemkem amepukaHcbkux natonorie i MixkHapogHow koonepauieto LWoao
3BITHOCTI MPO pak.

BucHoBku. AfanTauisi Ta cTaHgapT13aLlis MPOTOKOMY NaToricTONONYHOM0 AOCHimXeHHs nepBUHHKX Gioncin | TYP ceyoBoro
Mixypa CyTTEBO MOMINLMTL AKICTb AiarHOCTVKW, ONTUMI3ye BMOIp Tepanii Ta MOXe NOKMNacTh no4YaTok ManbyTHIM po3pobkam
CTaHAapTU30BaHMX NPOTOKOMIB NATOrCTONOMYHOTO BUCHOBKY ANSt NYX/MH iHLUMX JIOKani3auin 415 LWMPOKOrO BUKOPUCTaHHS!
nikapsiMu-natonoramm Ykpainu.

Protocol for pathologic examination of bladder cancer according
to the updates of the 5th edition of the WHO classification (2022):
biopsy and transurethral resection specimens

N. S. Bondarenko, 0. 0. Bondarenko, M. Yu. Polion, P. O. Hrytsenko, I. S. Shponka

Bladder cancer (BC) is the ninth most common malignancy in the world, and BC morbidity and mortality prevail in industrialized
countries and, in particular, in Central and Eastern Europe compared to global rates. The availability of a standardised structured
protocol for pathological examination of primary biopsy and transurethral resection (TURBT) samples of the bladder, including
the latest updates to the 5th edition of the WHO classification of urinary and male genital tumours (2022), will significantly
improve the quality of diagnosis and influence the choice of the optimal trajectory for further treatment.

The aim of the study is to highlight the key updates of the latest WHO classification of BC (2022), to study the standards and
protocols for pathological examination of BC specimens used in world practice, as well as to develop a Ukrainian version of
the protocol for pathological examination of BC, which will include clinically relevant aspects.

Materials and methods. Analysis of literature in PubMed and Web of Science databases using the keywords: bladder cancer,
pathology report, grade, stage, histological subtype, biopsy, TURBT, WHO 2022.

Results. The review highlights the latest updates of the WHO classification of BC cancer and proposes standardized pathology
protocol for specimens after primary biopsy/TURBT, developed by adapting existing international recommendations of the
College of American Pathologists and the International Collaboration on Cancer Reporting.

Conclusions. Adaptation and standardization of the pathological examination protocol for BC will significantly improve
the quality of diagnosis, improve the choice of appropriate therapy and may pave the way for the future development
of standardized pathological examination protocols for tumors of other localizations for their widespread use by patho-
logists in Ukraine.
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Pak cevosoro mixypa (PCM) € ges’sstum 3a nolumpe-
HICTIO 3MOSKICHUM HOBOYTBOPEHHSIM Y CBITi, MOKa3HWUK
3aXBOpPOBAHOCTI CTaHOBUTL 614 298 Bunapakis y 2022
poui, 3riaHo 3 AaHMMK MiXHapoaHOro areHTCTBa J0Chi-
IbkeHHs paky npu BOOS3. 3axBoptoBaHiCTb i CMepTHICTb
Bi PCM nepeBaxatoTb B iHAYCTpianbHO PO3BUHEHMX
KpaiHax (3okpema y kpaiHax LleHTpanbHoi Ta CxigHoi
€Bponu) NOpPIBHAHO 3 3araribHUMK NOKa3HWKaMWU Y CBIT
[1]. 3a gaHMMuK YkpaiHCLKOTO KaHLep-peecTpy, 3aranbHa
KinbKiCTb 3apeecTpoBaHMX BUNAAKIB 3aXBOPHOBAHHS
Ha PCM y 2022 poui ctaHosuna 3438 (cepen XBopwx
nepeBaxHa OinbLUICTb — YOMOBIKKM, N = 2824); 3aranbHa
KinbKicTb nomepnux — 1126 sunagkis (3-nomix Hux 953
Yornosiku). 3ayBaxumo, LU0, 3@ AaHUMU CTAaTUCTUKK, He
MPOXMWIIN OQHOTO POKY 3 Yncna BusBsneHux y 2022 poui
17,6 % xBopwx. KinbkicTb 3apeecTpoBaHuX BUMaAKiB
3axBoptoBaHHs Ha PCM y [IHinponeTpoBcbkii obnacTi
y 2022 poui ctaHoBuna 322 (i3 Hux 253 4Yonosiku), i
Lie OOVWH i3 HaMBINbLUMX NokasHukiB B YkpaiHi (GinbLue
Tinbku y JTbBiBCHKIN 06nacTi — 324 Bunagku). 3aransHa
KinbkicTe nomepnux y [iHinponeTposcbkuii obnacTi Big
PCM y 2022 pouj craHoBuna 132 Bunagkm (3-momik HUX
108 yonosikiB). He npoxwnn 0AHOrO PoKy 3 Yncna BuUsB-
neHux y 2022 poui 19,6 % ntogen, i ue Ha 2 % Ginblue
3a 3aranbHOHaLioHanbHUI NOKa3HWK [2].

MepesaxHa 6GinbLuicts Bunagkis PCM — ypoteni-
anbHa kapuuHoma (YK), siky 4epes NpuHLMMOBO PisHMIA
nigxig 0O MiKyBaHHA 3amnexHo Bif HasBHOCTI iHBa3ii y
M’s130BY 060MNOHKY ce4oBoro Mixypa (CM) kaTeropuaytotb
Ha HeMm’a3oBoiHBa3uBHUI PCM (non-muscle-invasive
bladder cancer, NMIBC) ta m’s130BoiHBa3vBHuin PCM
(muscle-invasive bladder cancer, MIBC) [3,4]. MpoTe B
oCTaHHi poku knacudikauis PCM 3a3Hana cyTTeBux 3miH.
lMoLUTOBXOM A0 TaKMX 3MiH CTany MacLuTabHi Monekynsp-
HO-TeHeTUYHi JocniaxeHHs M'si3oBoiHBa3mBHoro PCM,
Lo Aanv MmigcTaBm Ans cnpoby reHOMHOTO, TpaHCKpun-
TOMHOTO Ta NPOTEOMHOTO NpodintoBaHHs MyxnmH CM,
o6 cTpaTudikyBaTy NPOrHO3 i BiANOBIAb Ha NiKyBaHHS
[5,6,7,8,9]. HewwogasHe V BuaaHHs knacudikadlii nyxmmH
CEeYOBUBIOHMX | YOMOBIUMX cTaTeBuMX opraHis (2022) BOO3
BPaxyBarno MOMNeKynspHO-TEHETWUYHI Ta NaTOrCTONONYHi
pesynsratv gocnigxeHs PCM [10].

Oxpemoi yBaru notpebye nNuTaHHs LWOQo CTaHaap-
TU3aLii NPOTOKONYy NaToricToNOriYHOro AOCHiAXEHHS
(NMra) ana PCM, BpaxoByto4n OHOBMEH pekomeHAaaLii
Big BOOS i gaHi cBiToBOI NpakTuku. Lien npotokon mae
aKyMyIHoBaTH KIiHIKO-NaTonorivYHo Bax1By iHpopmalLito
NS HAaCTYyNHOro haxoBOro NaToricTOMOrYHOro BUC-
HoBky (MNIB) [11]. Taki vek-nuctn ans NI Bxe AaBHO
3aCTOCOBYIOTb Y CBITOBIV NpaKTULi, po3pobneHi Takumm
NPOBIAHMMM OpraHi3aLismm ekcrepTis, Sk Koponiscbkui
konemx naronoris (Benuka bputais; Royal College of
Pathologists, RCPath) [12], Konemx amepukaHcbkux na-
TonoroaHatomis (CLUA; College of American Pathologists,
CAP) [13] Ta KoponiBcbkuii aBCTpanincbkuii Konemk
natonorie (Royal Australasian College of Pathologists,
RCPA) [14]. Y 2011 poui CAP, RCPath, RCPA Ta Ka-
Hapcbka acouiauis natonoris (Canadian Association of
Pathologists, CAP-ACP) pa3om i3 KaHagcbkm napTHep-
cTtBoM Ans 6opotbbu npotu paky (Canadian Partnership
Against Cancer) 06’egHancs B MixknapoaHy koonepaLlito
Lofo 3BiTHoCTI Npo pak (International Collaboration on
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Cancer Reporting, ICCR) Ta po3pobunu cTpyKTypoBaHi
npotokonu MY (datasets) ons HOBOYTBOPEHb Pi3HMX
nokanisavin, y Tomy umcni CM [15,16].

Merta po6otu

HaBecTn Kno4oBi OHOBMIEHHS OCTaHHLOI Knacudikavii
nyxnuH cevosoro Mixypa BOOS (2022), BB4nTyn CTaHAap-
TV Ta NPOTOKOMNM NATOrCTONOMNYHOMO AOCHIMKEHHS 3pasKiB
nepsuHHOI Gioncii Ta TpaHcypeTpanbHoi pesekuii (TYP)
CEe4OBOro Mixypa, L0 3aCTOCOBYIOTb Y CBITOBI NPaKTHL,
a Takox po3pobuTK yKpaiHCbKy BEpCito MPOTOKOMY naTto-
ricronoriyHoro gocnigpxenHss PCM, wo BpaxoByBaTve
KNiHIYHO peneBaHTHi acnekTu.

Marepianu i meToAM AOCAIAKEHHA

Y TicHin koonepaLiii naTonoris Ta OHKOYPONOriB NpoaHarni-
3yBasM BiZOMOCTi HAYKOBOI NiTepaTtypw, WO iHAEKCYETbCS
B HaykomeTpuuHux 6asax PubMed i Web of Science.
OcobnuBy yBary 30cepeannu Ha BUB4YEHHI ocobnnBocTen
i OHOBMEHb LLoAO cTaditoBaHHA PCM, BU3HaYeHHI CTyneHs
MOPOMOriYHOro aTuniaMy NyXSIMHW, FiCTOMOMYHUM Mig-
TINam ypoTenianbHUX MyXIMH CEYOBUAINBHOMO TPaKTY.

Mpotokon NI ypotenianbHux nyxnvi CM po3pobnis-
1V BigNoBIAHO A0 oHoBMeHb V BugaHHa BOO3 knacudi-
Kaujii NyX1H Ce4OBMBIAHUX | YOMOBIUMX CTATEBMX OPraHiB.
[na ctangapTusauii pekomeHgoBaHmx npotokonis M
NS NaTonoriB-NpakTuKiB YKpaiHn Takox BUKOpUCTanu
yek-nuctu Konegxy amepukaHcekux natonoris (CAP,
2023) Ta pekomeHngauii Big MixHapogHoi koonepauii
wopo 3siTHocTi npo pak (ICCR, 2018) [15,17].

HeypoTtenianbHi, HEMPOEHOOKPUHHI, Me3eHXiManbHi
Ta iHwWi HeonnacTuyHi kateropii CM He BKITHOYeHi 40 LbOro
aHanisy ghaxoBoi nitepatypu.

PesyAabTati

BuBuvBLLM Yek-nucTy Konemky amepykaHCbKUX naTonoris
(CAP, 2023), pekomeHgadii Big MixxHapoaHoi koonepalii
wopo 3eiTHOCTI Npo pak (ICCR, 2018) Ta ocTaHHi OHOB-
nexHs V BuganHs BOOS knacvidpikauii myxmimH cevoBu-
BiOHMX | YONOBIYMX CTaTEBMX OpraHiB, NpoaHanisysanu,
nepeknanv i agantyeany NPOTOKON NaToriCTONOrYHOro
pocnimkeHHst 3paskis bioncii Ta TYP CM (mab6r. 1).

OcobauBoCTI yKpaiHCbKOi apanTauji eBponencbKuxX
i CBITOBMX NPOTOKOAIB NATOriCTOAOFIYHOTO AOCAIAKEH-
HA. 3ayBaxuMo, L0 Nig Yac nepeknagy MiKHapOAHMX
KnacudikaLii ykpaiHCbKOK MOBOIO Pi3Hi aBTOPM iHKOMNM
BVKOPVCTOBYIOTb Pi3Hi HA3BM OJHVIX i TMX CaMuX NPOLIECIB
i aBML; andbepeHLiauis abo andepeHLitoBaHHs, rMaHay-
NSIPHMIA abo 3an03UCTWIA, BiNbO3HUIA a0 BOPCUHYACTUIA,
CKBaAMO3HW ab0 NMOCKOKMITUHHMIA TOLLO.

OcobnuBy yBary npuBepTae nepeknag Takoro
BaXXITMBOrO NPeAUKTUBHO-NPOrHOCTUYHOTO MOKa3HKKa,
AK «grade», OCKinbku NOro iHTEpnpeTaLis YKpaiHCbKo
MOBOI Bapito€: «rCTOMOrYHa rpagauist», «CTyniHb au-
¢hepeHLitoBaHHs» abo «CTyMiHb 3MOsKICHOCTI» Towo. Ha
HaLly AyMKY, HanbinbLU BigMOBIAHUM € TEPMIH «CTYMiHb
MOPONOriYHOro aTuniamy», ane Take BU3HAYEHHS €
[leLL0 NeKCUYHO 06TshKkeHUM. ToMy BBaXaeMO 3a OLLiNb-
He PeKOMEHLYBaTV BUKOPUCTaHHS OPUriHaNbHOMO TEPMIHY
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Ornsaau

Tabauus 1. MNMpoTtokon JocnimKeHHs 3paskis Gioncii Ta TpaHcypeTpanbHOT pesekLii NyxnuHK NaLieHTiB i3 pakom ce4oBOro Mixypa

KniHiuni paxi

MonepepaHs icTopis 3axBopHOBaHb CEYOBUAINBHUX WNAXIB

— Hemae nonepepHboi icTopii — Hesinomo
— 3a3HayTe fieTani, BKOYakoum 3 nokaniaatyjio:

MonepenHs Tepanis
- He 3actocoyBanach - Hesigomo
— Bua HapaHoi Tepanii:

LinctockoniyHa xapakTepucTuka
- MNaninsipra 6ynosa

—YepBoHa epuTemaTosHa AinaHka
—Hopma — Hesigomo
- |Hwe:

— MoninoinHa 6ynoBa

|HWwa kniHivHa iHdopmauis:

TNokanisauis

— Hupkosi muckn — Cevosoan
— CevoBuit Mixyp, cneundikyiite mice:

- Mpocrata/npocTatinia ypetpa
— Ypetpa, cneuundikyite micue:

= |Hwe:

Bup onepatMBHOro BTpyYaHHA

— TpaHcypeTpanbHa pesekujst (TYP) — bioncis
- Hesinomo
- |Hwe:

Fictonoriunwii Tvn, 3rigio BOO3 2022

YPOTENIANTbHE HOBOYTBOPEHHA

— HeiHBaanBHa naninsipHa ypoteniansHa kapLyHoma

— YpotenianbHa kapuuHoma in situ

— IHBa3MBHa ypoTenianbHa kapLuHoMa (3Bu4aiHa)

— MikponaninspHa ypotenianbHa kapuvHoma

— MHi3poBa ypoTeniankbHa kapLyuHoMa

— Benukorhisgosa ypoTeniankHa kapLyuHoma

— TyBynsipHa Ta MiKpoKiCTO3Ha ypoTenianbHa kapLuHoma
- Nimcpoeniteniomonopi6Ha ypoteniansHa kapLmHoma

— MnaamouuToiaHa ypoTenianbHa kapLuvHoMa

— liraHTOKNITUHHA ypoTeniansbHa kapLyHoma

— YpoTenianbHa kapuuHoma, 6arata Ha ninigy

— CBiTNOKniTUHHa ypoTerianbHa kapLuHoma (Garara Ha rmikoreH)

— CapkomartoiaHa ypoTeniarnbHa kapLyHoma

— HuabkoandepeHLiosaHa ypotenianbHa kapLyyHoma

— YpoTenianbHa kapLyHoma 3 NIOCKOKMITUHHOW AndepeHLiaLieo
— YpoTenianbHa kapLyHoma 3 3an03ucTor avdepenujaljielo

— YpoTenianbHa kapLuHoma 3 TpochobnacTuyHo audepeHuiaLien
— YpotenianbHa kapyuHoma 3 Mionnepiscbkoto avdepenujaLjieto
MNOCKOKNITUHHE HOBOYTBOPEHHSA
— MnocKoKNITMHHA KapLMHOMa

— MnocKokniTMHHa KapLypHoMma in situ
3ANO3UCTI HOBOYTBOPEHHA

— AneHokapuuHoma, NOS

— AzleHoKkapLyHoMa, MyLMHO3Ha

— AleHokapLyHoMa, NepCTHENOAIBHOKNITMHHA

— BeppykosHa kapuuHoma

— AfleHokapLMHOMa, KULLIKOBa
— AzleHokapLyvHoMa, 3MilaHa
— AfeHokapuyHoma in situ

FicTonoriynumii Tvn, 3rigHo 3 BOO3 2022

YPAXANbHI TA AUBEPTUKYNAPHI HOBOYTBOPEHHSA
— YpaxanbHa kapLuHoma — [nBepTuKyNsipHa kapLuHoMa
MYXNUHX MIONNEPOBOIO TUMY

— CBITNOKMITMHHA afieHoKapLHoMa

— EnpometpioigHa kapumuHoma

HEMPOEHOKPUHHI HOBOYTBOPEHHS

— [IpiBHOKNITMHHA HEMPOEHAOKPUHHA KapLHoMa

— BenukokniTuHHa HepoeHAoKpUHHA KapLHoMa

— [loBpe avdepeHLiitoBaHa HeNPOEHAOKPUHHA NyXIMHA

— [HWwiA ricTonoriynui TMn (cneywdikyiite)

— KapuuHoma, T1n siKoi He BU3HaYaeTbes

Bu3aHauTe BifCcOTOK ricTONOriYHOro NiATUNY Ta HasBHOI
[AvBepreHTHoi andeperuiauiii (100% y cymi)

— |HBa3MBHa ypoTenianbHa kapLuvHoma (3BuyaiHa).__ %

— MikponaninsipHa ypoTenianbHa kapLvHoMa: %

- MHi3noBa ypoTenianbHa kapLyHoma: %

— BenukorHianosa ypotenianbHa kapuuHoma: %

— TyBynsipHa Ta MiKpoKicTo3Ha ypoTenianbHa kapuuHoma:___ %
— NimdpoeniteniomonoaibHa ypoteniansHa kapLyHoMa: %
— Mna3mouuToiaHa ypotenianbHa kapuuHoma: _ %

— CapkomartoiaHa ypoTenianbHa kapLyHoma: %

— [iraHTOKNITMHHA ypoTenianbHa kapuuHoma: _ %

— YpoTenianbHa kapuuHoma, 6arata Ha ninigu: %

- YpotenianbHa kapyuHoma, barata Ha riikoreH: %

— Hu3bkoandhepeHLjitoBaHa ypoTenianbHa kapuuHoma: %
— MnockokniTMHHa AndbepeHLjaLlis: %

— Barnosucta andepeHLiaLis: %

— TpodhobnacTuuHa audbepeHuiadis: %

— Mionnepiecbka avdepeHujiais: %

— [IpiBHOKNITMHHA HEPOEHAOKPUHHA KapLiHOMA : %
— KpynHokniTHHa HelipoeHaoKpHHHa KapLyHoma: %
— IHwe (cneuudikyTe) : %

FicTonoriyHni Tun, KOMeHTap:

HeiHBasuBHa kapumHoma

- He ineHTndbikyeTbest — He Bu3HavaeTbCs
— Carcinoma in situ:

®dokanbHa MynbTudokansHa
— HeiHBaanBHa naninsipHa ypoteniansHa kapLyHoma

- |Hwe:

CtyniHb MopdonoriyHoi atunii (Grade)

[ins ypoTenianbHUX KapLMHOM, ricTonoriyHux nigTunis abo
AvBepreHTHoI AndepeHLUiavii

— Husbkoro cTynens (Low grade)

— Bucokoro crynens (High grade)

[nsi NNOCKOKNITUHHOI KapLUHOMM 260 aAeHOKapLMHOMM
—G1, pobpe andepeHLiinoBaHa

— G2, nomipHo AndepeHLinoBaHa

— G3, H13bKo AndhepeHLiiioBaHa

— Gx, He Moxe 6yTn BiU3HaYeHa

IHwe:

— He moxe 6yTu oLiHeHa
— He 3actocosyeTbest

Cratyc M’30B0i 060MOHKN
-€ — Hemae/He HapaHa

CryniHb iHBasii

— He moxe ByTu ovjiHeHa

— HeiHBaavBHa naninsipHa kapLuHoma

- Mnacka carcinoma in situ

— MyxnuHHa iHBasis cyGeniTenianbHoi cnonyyHoi TkaHWHK (lamina propria)

— MyxnuHHa iHBasis M's30B0i 0GONOHKY (muscularis propria)

— MyxnuHHa iHBa3is NPOCTATUYHOI YpeTpU, NPOCTaTUYHUX MPOTOKIB Ta aLyHyciB Ge3 iHeasii
npocTaT4HO CTPOMM

— MyxnuHHa iHBa3is NPoCTaTUIHOI CTPOMM

— MyXnuHHa iHBa3is HUPKOBOT NapeHXiMM / CTPOMM

— MNyxnuHHa iHBasis nepiypeTpanbHoro M'asa

— MNyxnuHHa iHBasis y corpus spongiosum

— MNyxnuHHa iHBasis y corpus cavernosum

KoHdpirypauis nyxnuHu (o6epiTh BCi, WO BUSBNEHi)

- ManinspHa

- ConigHa / Byson
- Mnacka

— 3 BMpaskyBaHHAM
- He moxe 6yTu Bi3HaueHa
— IHwe, cneymdikyirte:

— IHwe, cneumdikyirte:

AcouiiioBaHi enitenianbHi 3MiHKu

- He ineHTudikytoTbes

- YpotenianbHa naninoma

— IHBepTOBaHa ypoTenianbHa naninoma

- MNaninsipHe ypoTenianbHe HOBOYTBOPEHHS 3 HI3bKUM 3MI0SIKICHIM MOTEHLanom
(PUNLMP)

- YpotenianbHa aucnnasis

— He moxe ByTu Bi3HayeHo

— IHwe:

Ipapauis T1 cragii

- nnbuHa iHBaaii MM

Talabo

— 3aranbHuil MakcManbHUiA poamip iHBasii NyxnuHn MM
Talabo

— MoBepxHeBa iHBasis muscularis mucosae
— IHBa3is ruGoko 3any4ae muscularis mucosae

NimdpaTtnyna ilta BackynapHa iHBasis

- Hemae -€ — He moxe 6yTv oLiHeHa

[MopaTtkoBi AaHi (06epiTh, AKLO €)

— 3ananeHHs / peHepaTuBHi 3MiH1
— 3MiHu, noB’s3aHi 3 Tepanieto:

— AptedbakT npunikanHs (Cautery artefact)

— Cystitis cystica et glandularis

— KepatuHisyioya nnockoknitTHHa MeTannasis
- Knwkosa metannasis
— IHwe, cneumdikyirte:
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Tabauus 2. JlikyBaHHst HeM's130BOIHBa3uBHoOro paky CM (Ta, Tis, T1) [31]

Fpynu pu3suky 3a pekomeHaaLisMu AMepuUKaHCLKOI YponoriyHoi acouiauii woao nporHosy PCM

Husbkumn MpomixHun

— ConitapHi nyxnuHu Ta €3 cm* (LG);
- ManinsipHe ypoTenianbHe HOBOYTBOPEHHS 3 HU3bKUM
3nosikicHum noteHujanom (PUNLMP)

Ta (LG);
— ConitapHi nyxnuHu Ta >3 cm (LG);
—Ta (LG), mynsTudokansHi;
— ConitapHi nyxnuHu Ta <3 cm (HG);
-T1(LG)

MporHo3

— 5-piyHa BuxmMBaHicTb 6e3 peunavsis — 43 %;

— 5-piyHa BuxmBaHicTb 6e3 nporpecii — 93 %

TNikyBaHHA nepLuoi NiHii

-TYP;

— Mocunexa uucTockonis™™;

— OpuHuyHa nepionepadiiHa gosa ximietepaniii
BMNPOLOBX 24 roauH;

— He 3acTocoByBaTV af’'toBaHTHy iHTPaBE3NKYNSIPHY
Tepanito;

— ®ynbrypauis

-TYP;
— MocuneHa yucTockonis*™;

T1 nyxnuHn Yepe3 4—6 TUXHIB;

BMPOJOBX 24 roawH;
ok

Manux yLUKOmKEHb
(ximie- abo BLPK);

— 3bepexenHs BLPK abo ximieTepanii Bnpogosx 1 poky

npv BIBNOBIAi Ha NiKyBaHHS
AnbsTepHaTUBHE NiKyBaHHA (CKOPOYEHO)
CnocTtepexeHHs

— Lincrockonisi yepes 3—4, 6-9 micauiB Ta LWOPIYHO
npotsarom 5 pokis

1-2 poku;

— biomapkepu ceyi MOXyTb OLiHUTK Bignosiab Ha BLPK

ab0 BUPILLINTI HEOQHO3HAYHY LMTOMONi0

— MyxnuHu, LWo peunamByOTL BNPOLOBX 1 POKY,

— 5-piyHa BuxmBaHicTb 6e3 peunausis — 33 %;
— 5-piyHa BuxmMBaHicTb 6e3 nporpecii — 74 %

— MNoBTOpHE BCTAHOBNEHHS AiarHo3y wnsxom TYP ans
— OanHnyHa nepionepaluiitHa gosa ximietepaniii

— Po3rnsp iHayKuii BHYTpiLLHBOBE3VKYNSIpHOI Tepanii

— Liuctockonis 3 uutonorieto Yepes 3—4 micsii, notim
KOXHi 3—6 MiCALiB NPOTAroM 2 pokiB, NOTIM KOXHi
6—12 micsiLiB NPOTArom 2 pokiB, MOTIM LLOPOKY;

— Bisyanisauis BepxHixX CE4OBMBIAHMX LLNSXIB KOXHI

-T1(HG)

— byap-gka Ta (HG), wo peunamsye;

— HG Ta >3 cm ab0o MynsTUdOKanbHi;

— Byab-skui CIS;

— byap-aki BLPK pesnctenTHi HG nyxnuhm;

— Byab-Ki nyXnuHK 3 HasiBHWUM FiCTONOMNYHUM NIATUNOM;

— Byab-ki nyxnuHn 3 nimdoBackynspHoL iHBasieto;

— byap-aki HG-nyxnuHu 3 3anyy4eHHsM npocTaTuyHoi
YpeTpu

— 5-piyHa BuxmMBaHicTb 6e3 peunausis — 23 %;
— 5-piyHa BuxmMBaHicTb 6e3 nporpecii — 54 %

- TYP;

— MocuneHa uucTocKonis**;

— [oBTOpHE BCTAHOBNEHHS AiarHosy wnsxom TYP ans
Ta (HG) nyxnuHun yepes 4—6 TukHiIB;

— [oBTOpHE BCTAHOBNEHHS AiarHoay wnaxom TYP ans
T1 nyxnuHn yepes 4—6 TVKHIB;

— Inpykuis BLPK-Tepanii;

— 36epexeHHst BLPK Bnpoposx 3 pokis y pasi Bianosigi
Ha NikyBaHHs

— Liucrockonis 3 uutonorieto Yepes 3—4 micsLi, notim
KOXHi 3—4 MicsLli NPOTAroM 2 pokiB, MOTiM KOXHi 6
MiCSILLiB MPOTArOM 2 pokKiB, NOTIM LLOPOKY;

— Bisyanisauis BepxHix CE4OBMBIAHNX LLNSAXIB KOXHI
1-2 poku;

— biomapkepu ceyi MoXyTb OLiHUTK Bignosiab Ha BLPK
ab0 BUPILUNTY HEOOHO3HAYHY LIMTOMOri0

«gradey, WO € 3po3yminum 060M yyacHVKam AiarHoc-
TWMYHOTO NpOLECy — i NaTonoram, i oHkororam. 3aranbHa
TEHAEeHLis 0O nepexody Ha ABOCTYMNEHEBY CUCTEMY
rpapauii 3nosiKicHUX HOBOYTBOPEHb, 3okpema i Ans PCM,
a came pOo3pi3HEHHS BUCOKOTO Ta H3LKOTO CTYMNeHiIB, Ta-
KOX CMOHYKa€ [0 BXMBAHHS OpUriHaNbHWUX 3pO3yMinuX i
nakoHiYHMX TepmiHis: low grade (LG) Ta high grade (HG).
OTxe, okpecrneHa npobnematyika Bu3Haqae JoLinb-
HICTb 0BrOBOPEHHS! 1 Y3ro[pKEHHS! MiXKHAPOAHMX Nepekna-
[iB haxoBUX peKOMeHZaLlil, KOHCEHCYCIB i Knacudikaiv
LLIMPOKMM KOMOM crieuianicTis A popmMyBaHHS YHidiko-
BaHWUX HaLlioHANbHMX BiANOBIAHMKIB.
MixaucuunaiHapHa / mixnpodirbHa B3aemoAif:
KOMYHiKaLifi Mi>X ypororamu Ta natororamu. AHamHe3
3aXBOPIOBAHHS (BKITHO4a0UM iHpopMaLito Npo fikyBaHHS,
sIKe NauieHT OTpMMaB), HaJaHWA NiKapem-yporiorom, €
BaXIMBUM Y NPaKTUL NaTonora Ans iHTepnpeTaLii 3paskis
CM, ockinbky ust iHbopmaLlist BNNMBae Ha AiarHOCTUYHUIA
NpOLEC, TPaKTYBaHHA AaHUX, @ OTXe i TepaneBTUYHY
ctparerito [18,19,20]. Pe3ynbrati LMCTOCKOMIYHOI Bidya-
niavii MiCTATb KOPUCHY iHgopMaLlito MPo xapakTep i cTy-
niHb ypaxeHHs CM y GionTari Ta 3paskax TYP. HewonasHi
XipypriyHi BTpy4aHHS Ha opraHax CEHOBUAINbHOT CUCTEMM,
iHbekuii abo HenpoXigHICTb MOXYTb BNAMBATU HA iH-
TepnperTaLito 6ioncin, B3ATUX Yy NaLEHTIB 3 remaTypieto.
[JiarHocTn4HO 3HavyLmMK € Byab-siki HOBOYTBOPEHHS,
[iarHoCTOBaHi paHiLLie, BKIMKYaKUM MCTOMNOMYHUIA NiaTvM,
nepBUHHY Nokaniauito Ta grade. lNavjieHTv 3 ypoTenianb-
HUM HOBOYTBOPEHHSIM B aHAaMHE3i MaloTb BULLIMIA PU3NK
ypoTenianbHX NyXUH Y BCbOMY CEYOBUBIAHOMY TPaKTY.
Kpim TOro, BaXxnunBo 3a3HayaTu nonepeaHbo npuaHa-
YeHy Teparito, Bkasyrouun aetani (crctemHa abo BHyTpiLL-
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HbOMiXypoBa xiMieTepanisi, iMyHoTepanisi, NpoMeHeBa
Tepanisi TOLO), OCKiNbKY BOHA MOXeE NpuU3BOAUTH A0
MOPEONOriYHMX 3MiH, siki ByayTb XMOHO iHTepnpeToBaHi
NaTonorom i MOXyTb CTaTW NMPUYUMHOK MOMWMKOBOIO
diarHody [21,22]. Tak, npomeHeBa Tepania (CM abo
NPUIErNMX OpraHiB) MoXe CpUYUHATYA NCEBAOKAPLIMHO-
MaTo3Hy rinepnnasito, AKy MoXHa XMbHO fiarHocTyBaTu
AK iHBa3MBHY KapuuHomy [23,24]. HedpporeHHy ageHomy
MOXHa nobaunTu nicns Gioncii ado TYP, i BoHa Moxe iMi-
TyBaTW peuuamB NyXMHU KNiHIYHO Ta NATOrCTOMNONIYHO.
Kpim TOro, HasiBHICTb AaH1X aHaMHe3y Npo iHLi Kapum-
HOMM, SIK-OT aZleHOKapLIMHOMY MPOCTaTH, KOMOPEKTanbHY
a[1eHOKapPLMHOMY, NIOCKOKMITUHHWIA paK LUWMAKA MaTku
TOLLIO, TAKOX MOXYTb 3HA4YHO JOMOMOITY Nif Yac iHTep-
npeTaLii 3paskis 6ioncii / TYP. Haronocvmo, Lo NoBTOpHY
TYP 3a3Bu4aii BUKOHYIOTb MiCns NepBUMHHOI NyxnuHK Ta
abo T1 (HG), 1 BigomocTi Npo L0 Npoueaypy Baxnuai
ANS 3iCTaBNEHHSA NOTOYHWX PE3ynbTaTiB i3 nonepeaHiMu
nanumu TYP [15].

OboB's13k0Ba iHbopMallist, siky Mae HazaTy nikap-ypo-
ior, — MPOo JoKani3aLito MyXIMHU Ta BUZ, ONepaT1BHOMO
BTPYyYaHHs. O6paHuin MeTof, pe3ekLii NyXJIMHM 3aneXnTb
Big il po3mipy, po3TallyBaHHs Ta AocBigy xipypra. Tak,
MOBHA pe3eKuis OfHWM LWMaTKOM, BUKOHaHa en-bloc
(6inonsipHa abo nasepHa), HeobXigHa AN AOCArHEHHS
XOPOLLOro MPOrHo3y, OCKiNbK1 Jae 3Mory oTpumaTh 3pa-
30K BWLLOI SKOCTi, MOKPALLMTY TOYHICTb MaTOMOr4HOrO
CTafitoBaHHs Ta 3a0e3neynTy NOBHOTY PeseKLii, a Takox
NOTEHLLIAHO 3HW3WUTY PU3NK PELIMAMBY 3aXBOPIOBAHHS Ta
MOLUMPEHHS NyxnuHK [25,26]. Mpu LboMy po3mip nyx-
NHK, MOXNMBUIA ANs BUIyYeHHs en-bloc, obMexeHnii
[OCTYNHUM E€HAOCKOMIYHAM 0BrnagHaHHsAM, a TEXHIYHNIA
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yCRiX 3HKYETLCS, AKLIO PO3MIP MYXJIMHWU CTAHOBUTH
noHag 3 cm [27]. 3BuyanHa TYP no dpakuisx (okpemo
pes3eKList ek30DiTHOT YaCTUHU NYXIUHK, NiANErnoi CTiIHKX
CM Ta kpaiB 30HM pe3ekLii) Aae focTaTHLO iHopMmaLi
NPO BEPTUKaIbHY Ta FOPU30HTarIbHY MOLMPEHICTb NyXu-
HW [28]. BaraToLeHTpoBe [OCHIMKEHHS, e NOPIBHIOBAN
en-bloc pesekujto Ta 3BudanHy TYP Ans ouiHBaHHS
HasIBHOCTI M'130B0i 060NOHKW (muscularis propria) y
pe3eKLUinHNX 3paskax sk Mapkepa sKOCTi BUKOHaHOI pe-
3eKLii, NoKasarno 3Ha4Ho GinbLUy YacToTy HasiBHOCTI M'A3iB
aetpysopa y 3paskax ans MO npu pesekuii metogoM
en-bloc nopieHsaHO 3i 3BuyanHum TYP (80,7 % npotu
71,1 % BignosigHo) [29].

KopeKTHICTb AjarHoay, L0 BCTaHOBMHOE Jlikap-naTosor,
3anexwuTb BiJ BUYEPMNHOCTI HaJAHNX YpPOIoroM aHaMHe-
CTUYHUX JaHUX, @ HacCTYMHi KPOKW Mif Yac BU3HAYEHHS
TpaekTopii nikyBaHHA NavjieHTa, Skuin nepebysae nig cno-
CTEpPEXEHHSIM Y NiKapsi-yporora, Ta HacTYMHWIA NPOrHo3
3anexarb Big NOBHOTK Ta ¢haxosocTi [MMB. Tak, cTpatu-
dhikauis rpyn puanky 3a pekomeHaaLisMu AMepuKaHChKol
ypornoriyHoi acouiaLlii Ans Bubopy onTumarsHoro Metogy
niKyBaHHS Ans nauieHTiB i3 HeM's130B0iHBa3vBHUM PCM
CYTTEBO 3aneXuTb Bif TakUX NATOMCTONOrMYHNX Napame-
TpiB, SIK PO3MIP MyXIMHK (£3 CM), HAABHICTb MHOXWHHOTO
MyXMUHHOTO pocTy (MyNbTUGOKaNbHICTL) Ta iHBa3ii y
BIACHy MNacTuHKy cnudosoi (pTa vs pT1), grade, Ha-
SIBHICTb TiCTOMOrYHOMO NigTUMY y Ccknadi myximHu abo
cynyTHbOI KapuwHomu in situ (CIS), nimcosackynspHoi
iHBa3ii, 3any4eHOCTi NPOCTaTUYHOI YpeTpn Ta nonepe-
OHbOI YacToTn peumamsis [30]. BignosigHo, nporHo3
(m'sTvpivHa BKMBaHICTL 6e3 peumayvBiB Ta Nporpecii),
BMOIp NepLIOYeproBoro NikyBaHHs, a TakoX EKOHOMIYHE
HaBaHTAXEHHS, CMPUYMHEHE aKTUBHICTIO / KpaTHICTIO
MNaHoBaHNX LWCTOCKONIVA NS AUCNAaHCEPHOTO Harnsay
BU3HaYaETbCs came Ha etani [ (ma6n. 2).

Crig goparu, Lo Ans NonerLueHHs BU3HaYeHHS rpyni
PU3MKY NaLieHTa B NOBCAKAEHHIN KMiHIYHIA NpaKTUL po3-
pobunn Ta BMKOPUCTOBYIOTL BeG-Aoaatkv (www.nmibc.
net), iOS Ta Android 3acTocyHKu.

TicTonoriuHui TMN, NIATUN | AMBepreHTHa AudepeHLia-
uin. MepeBaxHa GinbLwicTb (NoHag 95 %) kapuuHom CM
MaloTb ypoTeniansHe NoxoeHHs [32]. 3rigHo 3 HacTaHo-
Bamu BOO3 [10], HasBHICTb Byap-Koro ypoTeniansHoro
KOMMOHeHTa (naninsipHoro, iHBa3nBHOTO abo MIocKoro
pTis) y cknaai 3nosiKiCHOro HOBOYTBOPEHHS € KpUTEpPIEM
ana giardosy YK. BTim, nviLe Ti 3rosikicHi HOBOYTBOPEHHS,
LU0 NPELCTAaBIEH] «4MCTOKO» NIOCKOKMITMHHOK KapLMHO-
MOt0, afleHoKapLMHOMOK abo kapuuHomoto Mionnepa,
Cnif BU3HA4aTu K Taki.

Y mabnuyi 3 HaBefeHO OCTaHHI0 knacudikauito
NyXUH ypoTenianbHoro TpakTy 3a BOO3 (2022), wo
BKMIOYAE Takox J0OposiKiCHi eniTenianbHi NyxnuHu,
OCKinbKM B 0AHOro navjieHTa y CM MoxHa BUSIBUMW CekTp
IndepeHuiaLlii — Big 0OPOSKICHMX 40 3NOSKICHX MyXITNH
abo ogHoyacHo, abo npoTAroM KniHivHoro nepebiry 3a-
XBOPHOBaHHS1. 3ayBaxuMO, LLO 3 OHOBMEHOI Knacudikalii
BOO3 Buknto4eHO HaiMeHyBaHHS «YpoTeniansHa nponi-
(hepaulis 3 HeBU3HAYEHNM 3MOSKICHUM NOTEHLanom» Ta
«YpoTeniansHa gucnnasis» sik okpemi Ho3omorii Yepes no-
raHy / HU3bKy BifTBOPIOBaHICTb AjarHo3y natonoramu [10].

Konw naeTbes npo cTyniHb MOPAONOriYyHOMo aTuniaMy
(grade), To HeiHBa3VBHiI Ta iIHBa3UBHI ypaxeHHs knacudi-
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Ornsaau

Tabauus 3. Knacudikauis nyxnuH ypoteniansHoro TpakTty 3a BOO3 (2022)

ICD-0-3.2 BOO3 knacudikauis nyxnuH yporenianbHoro Tpakty

YpotenianbHi nyxnuxuu

8120/0
81211

8130/1
8130/

8130/2
8130/2

8130/2
8130/2

8120/2

8120/3

HeinBa3uBHi ypoTenianbHi HOBOYTBOPEHHS
YpotenianbHa naninoma
IHBepTOBaHa ypoTenianbHa naninoma

ManinsapHe ypoTenianbHe HOBOYTBOPEHHS 3 HU3bKIM 3M105KICHAM NOTEHLianom;
IHBEpTOBaHe naninapHe ypotenianbHe HOBOYTBOPEHHS 3 HU3bKVUM 3MOSKICHUM
noTeHuianom

HeinBa3nsHa naninspHa ypotenianbHa kapuuHoma, low grade;
HeinBasnBHa naninspHa ypotenianbHa kapLnHOMa 3 iHBEpPTOBaHUM NaTepHOM
pocry, low grade

HeinBa3uBHa naninspHa ypoTenianbHa kapuvHoma, high grade;
HeiHBa3uBHa naninsipHa ypoTenianbHa kapuyHoMa 3 iHBepTOBaHUM naTepHOM
pocry, high grade

YpotenianbHa kapuvHoMma in situ
IHBa3uBHI ypoTenianbHi HOBOYTBOPEHHS
3BuyaitHa ypoTenianbHa kapuuHoma (YncTa ypoTenianbHa kapLuyHoma)

YpotenianbHa kapuMHOMa 3 AMBEPreHTHO AudepeHuiauicto

8120/3
8120/3
8120/3
8310/3

YpotenianbHa KapLuvMHOMa 3 NOCKOKMITUHHO0 AndepeHLiiaLlieo
YpotenianbHa KapuvMHoMa 3 3ano3ncTolo audepeHLiaLlieo
YpotenianbHa kapuuHoma 3 TpodobnacTuyHo andepeHLiaLlieto

YpotenianbHa kapuvMHOMa 3 MIONNEPIBCLKOI0 AnepeHLiaLlieto (CBITNOKNITUHHA
afieHokapLuHoMma)

FicTonoriyHui nigTUN ypotenianbHOi KapLUMHOMU

8120/3
8120/3
8120/3
8131/3
8082/3
812213
8031/3
8120/3
8120/3
8120/3
8020/3

l'Hi3noBa ypoTenianbHa kapLumMHoma

BenukorHisgosa ypoTenianbHa kapuyHoma

TyBynsipHa Ta MIKpOKICTO3Ha ypoTenianbHa kapLmHoma
MikponaninspHa ypoTenianbHa kapuMHoMa
NimdoeniteniomonogibHa ypoteniansHa kapumHoMa
lMnasmouuToiaHa ypoTenianbHa kapLyuHoma
[iraHTOKNITMHHA ypoTenianbHa KapunHoMa
YpotenianbHa kapuvuHoma, 6arata Ha niniau
CaiTnokniTMHHa (barata Ha rmikoreH) ypotenianbHa kapumHoMa
CapkomaroigHa ypoTenianbHa kapLuHoma
HusbkoandepeHuiioBaHa ypoTenianbHa kapLuMHoma

MNoCKOKNITUHHI HOBOYTBOPEHHSA

8052/0
8051/3
8070/3

MnockokniTMHHa naninoma
BeppykosHa kapunHoma
nockokniTMHHa KapunHoMa

3anosuncTi HOBOyTBOPEHHSA

8261/0
8211/0
8263/0

8140/3
8144/3
8480/3
8323/3
8490/3
8140/2

ApneHomu

BopcuHyacTa ageHoma
TybynsipHa ageHoma
Ty6yrnoBopcuHyacTa ageHoma
ApeHoKkapuuHOMU
ApneHokapuuHoma, NOS
Kuwukoa

MyumnHo3Ha

3miwanHa
lMepcTHenoaibHoKNiTMHHA
AneHokapuuHoma in situ

YpaxanbHi Ta AMBEPTUKYNSAPHI HOBOYTBOPEHHSA

8010/3
8120/3

YpaxanbHa kapuuHoma
[nBepTuKynsipHa kapLmuHoMa (iHBa3uBHa ypoTenianbHa kapLumHoMa)

Myxnuuu MionnepoBoro Tuny

8310/3
8380/3

CBITNOKNITUHHA afeHoKapLMHoMa
EHpomeTpioigHa kapuuHoma

YpeTpanbHi HOBOYTBOPEHHS

8140/3
8140/3
8140/3

KapuuHomu 0odamkosux 3a5103 ypempu
KapumHoma 3anos JlitTpe

KapumHoma 3anos CkiHa

KapuvHoma 3anos Kynepa
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Puc. 1. A: HeiHBa3vBHa naninsipHa ypotenianbHa kapLyHoMa 3i 3MillaHM CTyneHem MopdomnoriyHOro aTw

umTonorivHoto atunieto. B: KomnoreHT high grade mae uutonoriuHy atunito BUCOKOTO CTyMeHs.
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KytoTb okpemo. Kpim Toro, cepes; HeiBasuBHUX YLLKOMKEHb
YPOTENito TakoX PO3Pi3HSOTb NAOCKI iHTpaeniTenianbHi
ypaxeHHs (CIS) Ta maninsapHi. 3rigHo 3 gaHumu, Wwo
HaBeaeHi B mabuui 1, € iCTOTHI BigMIHHOCTi 3@ PU3KKOM
NpOrpecyBaHHs A0 iHBA3MBHOI KapLMHOMW Ta CMepTi
Big PCM wmix naninsipHoto HeinasveHow YK LG 1a HG.
AKTyarnbHOI TaKOX € reTePOreHHICTb CTyneHst Mopghorno-
riYHOro aTuMi3my, LLO BU3HAYa0Tb Y TPETWHI HEIHBA3NBHUX
naninapHux YK. OctanHi oHoeneHHs BOO3 (2022) npo-
MOHYHOTb BCTaHoBMtoBaTy HG, SIKLLO KOMMOHEHT BUCOKOTO
CTyneHs1 BU3HaveHnit 25 %. Akwo nyxnuHa 3 <5 % Buco-
KOTO CTyneHs1, cnif HagaTh OnMCoBUIA BUCHOBOK: «LG 3
MeHLUE Hix 5 % komnoHeHTa HG» (puc. 1).

OnosneHa BOOS knacudikauist (2022) nyxivH ypote-
nianbHOro TPaKTy BU3HAYaE Kinbka nigTunis i AUBEpreHT-
HUX andepenuiain iHeasusHoi YK (puc. 2). Haronocumo
Ha TepMiHonoriyHuX 3MiHax V pepakuii knacudikadii. Tak,
TepMiH rictonoriyHnii «nigtuny YK 3amiHuB nonepeaHso
BXXMBAHWI «BapiaHT» A5 BUSHAYEHHS Pi3HWX KNIHIYHKX i
MOPONOriYHMX KaTeropin y Mexax TUrny nyxmvHu. TepMmiH
«BapiaHT» Tenep papLue 3ape3epBoBaHO A FEeHOMHMX,
Hi>k MopcbonoriyHux ansrepauin. BOO3 geknapye Takox,
Lo okpema YK (HOBOYTBOpPEHHS) MOXe xapakTepuayBa-
TWUCS KOMIMNEKCOM KMacuyHoi ypoTeniansHoi Mopdorio-
rii, ricTonoriYHMx nigTMniB Ta ocepeakis OUBEPrEHTHOI
AndepeHuiauii. Mpy Lupomy nepenik i cnpoby obpaxyHky
OKpeMMX KOMMOHEHTIB pekomeHzoBaHo aodasatuy MNMB
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niamy. b: KomnoHeHT low grade xapakTepuayeTbCst Nerkoto Ta noMipHoo

(mabn. 2), ockinbku pisHi NigTUNK iHBa3uBHOT YK MatoTb
NOTEHLINHE NPOrHOCTUYHE 3HAYEHHS! 3 NOrNsAAY NiKyBanb-
HOI TakTuku Ta cTpaTudikauii puavky pT1 YK (Bucokun
pu3wnk, mabn. 1). 3BiCHO, BaXMMBO PO3YMiTU, LLIO OLiHIO-
BaHHS BMicTY (%) rictonoriyHoro nigTuny y TYP-3paskax
€ 0OMEeXeHVM Yepe3 HeJoCTaTHIO KiflbKiCTb MaTtepiany.
Kpim Toro, B ornsagi dhaxoBoi nitepaTypy, L0 BUKOHaHWUI
EAU (2019), nincymoBaHO: fiaHi L0 NPOrHo3y Ta miky-
BaHHs YK 3 pi3HUMU FiCTOMOMYHUMM NiGTUNAMU € HE3PINK-
MU, reTEPOTEHHMU Ta TakUMMK, Lo NoTpebytoTb Banigaii
Ha GinbLKX He3anexHux BMbIpkax, a oTxe nauieHTam 3
M'5130B0iHBa3vBHUM PCM Tpeba BUKOHYBaTN paaukarnsHy
umuctekTomito. B oHoBneHux HactaHoBax EAU (2024)
NiKyBaHHS 3BUYaMHOT («4MCTOI») M’'A30BOIHBA3NBHOT YK
He BifPIi3HAETLCA Bif, iHLLIMX riCTONOrYHMX nigTnis [4,33].

[oBopsiun npo ocobnueocTi YK i3 AnBepreHTHor
andpepeHuiadieto, cnig Buainuty YK i3 nnockokiTMHHOK
andepeHLuialieto, Wo € HaWMOLUMPEHILIMM FiCTOMOriY-
HUM naTepHoM — ioro BusiBnsTb y 30—40 % nyxmvH
[34,35]. [iarHocTuka 3a3Bmyait He BUKIMKAE TPYAHOLLIB.
Kpim Toro, ueit Bug nyxnnu ekcrnipecye CK5/6 i CK5/14
[36]. YK i3 3ano3ucTolo audbepeHuialieto € apyrim 3a
MOLLUMPEHICTIO BapiaHTOM AMBEPreHTHOI AndbepeHLiaLlii,
L0 XapakTepuayeTbecs (POPMYBaHHSM iCTUHHWX 3amno3,
rioro BusiBnstoTL Yy Mamxke 18 % iHBasuBHux YK [34].
Y HelloAaBHIX OOCHIAXKEHHSX NOKa3aHO: HasiBHICTb
3anosuctoi andepeHuiauii y T1-nyxnuHax cnpudnHse
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Puc. 2. [luBepereHTHa andbepenLiiaLis Ta rictonorivxi niagTunu ypotenianbHoi kapumHomu. A: YK i3 nnockokniTuHHO AndepeHLiadieto; b: BenukorHiagoea YK; B: mikponaninspHa
YK; I: nnasmoumtoigHa YK; A: capkomaroigha YK; E: ceitnoknituiHa (6arata Ha rnikoreH) YK.

HECNPUSATIIMBMI NPOrHO3 [37], Ha BiAMIHY BiA 3paskis,
Lo ofepxaHi BHacnigok uuctektomii [38]. Lii BapiaHTu
PCM, Ha BigMiHy Bifl «41CTMX» NIOCKOKIMITUHHOIO pakKy 1
afleHOKapLMHOMMU, MOBUHHI MaTu AinsiHK MopdonoriyHoi
6ynoBw 3BuyanHoi YK. IHogi iHBasueHa YK mae Tpodo-
GnacTuyHy audpepeHuiadliio 3 nigeuLLeHHsM B-XY y KpoBi
[39]. YK i3 mtonnepiBcbkoto andbepeHLialieto 3a3smyan
npeacTaBneHa CBITNOKMITMHHOK aaeHoKapLYHOMOLO [35].

Cepep rictonoriyHmx nigTuniB Taki inBasveHi YK, sk
rHi3goBa, TyOynsipHa Ta MIKpOKICTO3Ha, MOXYTb iMITY-

Matonoris. Tom 21, Ne 3(62), BepeceHb — rpyaeHb 2024 p.

BaTW pobposikicHi npoueck Yn HoBoyTBOpeHHst CM, a
OTXe, CTBOPIOBATW NEBHI AjiarHOCTWYHI BUKIUKL. OKpeMi
nigtunn YK, SK-0T capkomatoigHui, MiKponaninspHum i
NnasMoLMTOIAHUIA, XapaKTEPU3YIOTLCS arpecUBHILLNM
KniHiyHuM nepebirom. MeBHum nigTunam YK BnacTusi
YiTKO BM3HAYEHi TEHOMHi 3MiHM, L0 MOXYTb 3YMOBIIHO-
BaTU iXHIO 0COBNMBO 3MOSIKICHY GioMOriYHy NoBeAiHKY Ta
noraHui nporxoa [40,41].

Hi3noBa Ta BenukorHizgosa YK MatoTh rHisga KnituH 3
OMaHIIMBMM NMOMIPHUM NeoMOopdi3MOM, ELLO NiaBuLLe-
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HUM SiAepHO-LMTONNa3MaTuYH1M CniBBIgHOLLEHHAM. Kpim
TOro, Y LbOMY NiATWMI, CXOXKeE, € BiGMIHHOCTi MiXX YACTUMM
Ta 3miLLaHumMu hopmamu. Tak, nokasaHo, LLO YnCTa Benu-
KOTHiI3[0Ba KapLHOMa Ma€ NepeBaXHO MoMiHanbHo-Na-
NiNspHUIA eHOTUN i3 BULLIOKO YacToTo MyTaLin FGFR3,
HK 3MiLLAHUIA BENUKOTHI3gHMiA nigTvn [42].

MikponaninspHa YK xapaktepusyeTbCs HasiBHICTIO
HEBEMNWKNX MOPYNONOAIGHNX THI3A NYyXMUHHUX KNITUH
0e3 hibpoBackynsapHOi OCHOBM, LLO OTOYEHI MOPOXKHIM
npocTopom abo nakyHo. IM BracTvBa HAsIBHICTb KifbKoX
HEBENVIKVIX rHi3g B 04HiN nakyHi. Lien nigtyn mae B1coky
CXUMBHICTb 10 MeTacTasyBaHHs i arpecuBHoro nepeoiry.
[lokasu o0 NporHo3y Ta KopUCTi Heoad oBaHTHOI XiMie-
Tepanii cynepeunmsi [43,44,45]. HagmipHa ekcnpecis Ta
amnnicpikais ERBB2 moxe ByTv NOTEHLIAHO MilLIEHHIO
ans Tepanii [46]. TpaHCcKpUNTOMHWIA aHania 43 mikponani-
napHunx YK nokasas, WO Maike BCi BOHW MOMIHaNbHOTO
MoneKynsipHoro nigruny [47].

Mnas3mouuToigHa YK xapaktepusyetbcsl HasiBHICTHO
HU3bKOKOTE3VNBHIX MyXIIMHHUX KMITUH 3 EKCLIEHTPUYHUMU
A4paMu Ta PSCHOK €03WHOINBHOK LMTOMNa3Molo,
Lo CXOXi Ha NnasMaTuyHi KNITUHW. TyXIWHHI KNiITUHKW
ANdY3HO iHDINbTpytoTb CTiHKY CM i3 MiHiManbHoto
CTPOMasIbHOK peakLeto | MatoTb BUCOKY CXWITBHICTb 10
MixdacLiansHOro Ta nepuToHearnbsHOO NOLIMPEHHS, 3y-
MOBITIOKOHM BICOKY HYaCTOTY MO3UTUBHYIX KpaiB pesekLii nig
yac uuctekTomii. HassHicTb comatnyHoi myTauii CDH1
(Lo Np13BOAMTBL 40 YacToi BTpaTy exkcnpecii E-kaarepu-
Hy) — XxapakTepHa MOneKynspHa 0COBMMBICTb LX MyXITHH,
Lo 3agokymeHToBaHa Maxe Yy 80 % nnasMoLMTOIgHNUX
nigtvnis YK [48]. CyyacHi BiZoMOCTi WWogo nikyBaHHS
nnasmouuToigHoro nigTuny YK rpyHTYI0TbCA Ha HEBENK-
Kux cepisix Bunagkis [49,50], a nepesara Heoaf OBAHTHOI
XimieTepanii octaTo4HO He 3'icoBaHa [51].

CapkomartoigHa YK cknagaetbest 3 Me3eHXiManbHmnX
HEOMNAaCTUYHUX KMITWH, L0 BTPATWIK eniTenianbHui de-
HOTWM, @ TaKOX TUX, L0 no4acTy 36epernu enitenianbHi
xapaktepucTuku. MeseHxiManbHUN KOMMNOHEHT MOXe
MaTu 03HaKM reTeposIoriYHol AndepeHLjaLii: octeocapko-
Ma, XoHZpocapkoMa, pabaomiocapkoma i aHriocapkomMa.
BwxwvBaHICTb NaLiEHTIB i3 CApKOMATOIAHUM NiATUNOM, SK
NpaBuo, HN3bKa, a HAasIBHICTb rETEPOIIONYHNX KOMMOHEH-
TiB MOXe ByTV NOB’A3aHa 3 LLie GinbLL HECMPUATIIMBIM Me-
pebirom [52]. CapkomartoigHwii NigTvN XapakTepuayeTbes
YyacTMu MyTauismu reHis TP53 maiixe B yCix BUnaakax i
MyTaLismMm1 reHa RB1, L0 iHaKTUBYHOTb, Malie B MOMOBWHI
3 HUX Y NOEAHAHHI 3i 3HXKEHHSM perynsLii roMOTUMNOBKX
reHiB agresii Ta NOpyLLEHHAM perynswii eniteniansHo-me-
3eHximasnbHol TpaHcdopmallii [53].

3rigHo 3 pekomeHaauismn BOOS (2022), nepeBaxHa
GinbLwicTb iHBa3uBHUX YK MatoTb BUCOKMI CTYMiHb MOP-
donoriyHoro atuniamy (high grade). MNooauHoki iHBa3uBHiI
YK HM3bKOrO CTyNeHs XxapakTepuayTbCs HEOCTATHICTIO
AAepHoi atunii Ta MaloTb 0OMEXEHE YpaKEHHS! BNacHOI
NnacTMHKK. 3ayBaXKMMO, LU0 HeObXigHO BCTAHOBIIOBATM
grade ans koxHoi iHBasmBHoOi YK. Kpim Toro, Bci YK i3
riCTONOMYHUM MIATMNOM i Ti, WO MalTb AUBEPreHTHY
andepeHuialito, BignoeigatTb kputepiam HG, xoua
Ui NyXnNWHKM He cnif BU3Ha4aTu SIK OLHOPIAHY rpyny B
acnekTi NPOrHoasy.

Haronocumo, Wwo H13bkogugepeHuinoaHa YK — ok-
pemui rictonorivHuia nigTun PCM, a He cTyniHb Mopdbono-
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riYHOro atniamy, TOMy nig Yac opPMynoBaHHS diarHo3y
HeoOXiaHO OKpeMo 3a3HadaTu grade: «HusbkogudepeH-
LinoBaHa ypoTenianbHa kapuuHomMa, high grade».

«YuCTi» NNOCKOKMITUHHI KapLUUHOMU 1 afeHOKapLy-
HOMM KnacudikytoTb Ha NigcTasi AndepeHLiaLii nyXmHu
Ak obpe andepeHLiiioBaHi, MOMIPHO AndepeHLiioBaHi
Ta H13bKO AndepeHLiioBaHi.

leTeporeHHicTb ypoTeAiaAbHUX nyxAuH. OfHieto 3 ro-
NoBHYX Npobnem nig yac nikyBaHHs Ta giarHocTukn YK €
IETEPOreHHICTb MyXIMHW, 3yMOBIEHA MOEAHAHHSIM Pi3HX
ricTonoriyHmx nNigTVnis i HOpM i3 AMBEPrEHTHOI Ande-
peHuiaieto. Bigomo, wo YK HapssuyaiiHo BapiabenbHa B
Pi3HUX AinsiHKax O4HOrO i TOro Camoro 3paska 3 BUCOKVM
MyTaLiHUM HaBaHTaxeHHsM. Kpim Toro, po3pisHstoTb
TUMW NYXAWHHOIT reTeporeHHocTi. Tak, y npaui J. J. Meeks
etal. (2020) onncaHo fobpe BigoMy BHYTPILLHBONYXAMHHY
rEeTePOreHHICTb, @ TaKOXK MDKMYXIIMHHY FeTEPOreHHICTb,
LU0 BM3HAYaE Pi3HULIIO Mix MEPBUHHOLO | METACTaTU4HOK
nyxnuHoto [54]. Kpim Toro, aBTopy Haronocunm Ha XpoHo-
NOFiYHIN reTeporeHHOCTI, KONM NyXfiMHa 3MiHIETLCA Nif
yac CBOET €BONHOLiT, 0cOBMMBO Mia BNAIMBOM XiMieTeparii.
[aTonor Moxe focnignTy i onucaT acnekTn Mopdoro-
riYHOI reTeporeHHOCTI MyXIIUH, iKY BU3HAYaK0Tb Y 3paskax
6ioncii, TYP abo uucrektomii Ta nimpapeHektomii [51].

CTyniHb iHBas3ii Ta cybeTaaitoBaHHa T1. [ig vac
MIO kpuTUYHE 3HAYEeHHA Mae AiarHocTuka akTy
HasiBHOCTI iHBasii Ta il rnbuuu: y cybenitenianbHy
CMOMYYHY TKaHWHY / BRACHy NNacTUHKY / Miacnn3oBy
obonoHky (subepithelial connective tissue | lamina
propria / submucosa) — T1, y m’ss30By 060M0HKY
(muscularis propria) — T2 abo 3a ii mexi (T3 abo T4).
Haronocnmo, Lo ocTaHHi ABi kaTeropii BU3Ha4arTb Nvile
y 3paskax nicns umctektomii [55,56,57]. Y naninspHux
NyXnMHax iHBasis HarvacTille BiAbyBaeTbCS B OCHOBI
NyXIUHK i yxe pigko y pibposackynsipHin Hixwi. Mig vyac
iHbinbTpaLi BnacHoi nnactuHky (T1) yacto BU3HaYatoTb
ABULLE «apTedakTy peTpakLii», Wo XapaKkTepuayeTbes
3aXOMNMeHHAM MYXUHHUMU KIITUHAMU HABKOMWLLHBOTO
npoctopy (puc. 3). Llto mMikpockoniyHy xapakTepucTtuky
paHHbOI iHBa3ii iHOAj rinepaiarHOCTYIOTb SIK CyANHHY iHBa-
3ito, Tomy cnig ByTv 06EpEXHUM, BUSBUBLLM L0 O3HAKY.

BcraHoBneHo, wo npu T1 BU3HAYEHHS CTYNEeHs! iH-
Bagsii BNACHOI NNaCTUHKA Mae NPOrHOCTUYHE 3HAYEHHS.
3anponoHyBanu kinbka mMeTopiB cybcragitoBaHHs T1
(MiKpOMETpUYHWIA, ricTOaHaTOMIYHMI), ane X CKnagHo
3acTOCyBaTH, 30KpeMa Yepes HEBIANOBIAHICTb OpieHTaLl
3paska Ta ricToaHaTOMiYHKX OpieHTUpIB. BTiM, natonoram
peKoOMeH[0BaHO AaBaTh NEBHY OLHKY CTyMneHs iHBasii
BMACHOI NNacTWHKM (MakcMMarnbHWiA po3mip iHBa3MBHOTO
ocepefky, mubuHa B MinimeTpax abo 3a piBHeM — BuLLE,
Ha abo Hwxy4e 3a muscularis mucosae) [17,51].

Y pasi poboTu 3 GioncinHumMK abo TYP-3paskamu, 3a
€BPOMNENCLKMM Ta aMEePUKaHCLKMU HacTaHOBaMy, He
pEeKOMEHL,0BaHO BCTAHOBINIOBATY CTa;jto 3aXBOPIOBAHHS
BULLe 3a T2. Takox HeAOPEYHWUM Mif Yac BCTAHOBNEHHS
JiarHo3y € Take (POpMyIOBaHHS, SK «M'S30Ba iHBa3sisa,
OCKINbKV TUN iHBa3ii M’A3iB (iHBa3ist y muscularis mucosae
(T1) abo inBasia y muscularis propria (T2)) mae 6yt YiTko
BM3HayeHnn. Onucosy TepMiHonorito (sk-oT «YK i3 M'a-
30BOI0 iHBa3IEI0, HEBU3HAYEHUM TUMOM M’Si30BOI iHBAii»)
MOXHa BUKOPUCTOBYBATH, KON HEMOXIMBO TO4YHO BU3Ha-
YUTK, YK € TUN M'SI3a, YPAKEHOTO NYXMMHOW, riNnepTpo-
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Puc. 3. IHBasuBHa ypoTenianbHa kapLyHoma. A: paHHS iHBa3is xapakTepu3yeTbCst HASBHICTIO €03NHOMINbHIX THI3A KMITUH i3 peTpakLieto NPOCTOpY Y BNACHIA NNACTUHLi CM30BOI
obonoHku (apTedhakT peTpakuii); b: BUpa3Ha cunbHa uutonnasmatiiHa excnpecis CK7 nigTBepmxye paHHIo iHBa3ito ypoTenianbHOi KapLMHOMN.

Puc. 4. YpotenianbHa kapuyHoma iHBasye pisHi nigTunn M’s30B0i TkaHUHK cTiHku CM. A: IHBasis y muscularis mucosa (pT1b); b: IHBasis y muscularis propria (pT2).

dhieto muscularis mucosae abo muscularis propria. Kpim
TOro, MOXHa HaZlaT KOMEHTap LoJo edekTy TEPMOKO-
arynsiuii, 0cobrnmBo SIKLLO AOr0 HasIBHICTb NEpeLLKOgKae
[iarHoCTUYHOMY OLjHIOBaHHI0. Y 3paskax TYP 3 iHBasicto
y BnacHy M'si30By 0DOMNOHKY HE CIif BU3Ha4aTu MubuHy
iHBa3ii M'130B0T 060M0HKM. TOBTO CybCTagitoBaHHS T2 Ha
T2a 41 T2b € HepeneBaHTHMM, OCKINbKY Take BU3HAYEHHS
€ HagiNHUM NuLe Ans 3paskis, Lo OTPUMaHi BHacMigoK
umcTekToMmii (puc. 4).

LLle oguH cynepeunmBumii acnekT LWOAO CTagiloBaHHS
PCM BuHWKae Yepes Te, LU0 KUPOBI KIMITUH MOXYTb OyTu
He NVLLE B HABKOTMLLHBLOMIXYPOBIl XXMPOBII TKaHWHiI, ane
1y BnacHiin nnactuHui (lamina propria) abo y M'si30Bii
060noHLi (muscularis propria) y HOpMi, 4acTo — Yy Hen-
poreHHomy umn TpabekynspHomy CM. OTxe, HasBHICTb
MyXIVHW B XXMPOBIli TKAHWHI HE € 03HAKOH MO3aMiXypOBOro
MOLUMPEHHS 1 ekBiBaneHTom T3-cTagii y TYP-3pa3kax
[51,58]. Lle Bu3Ha4eHHs cnpsiMoBaHe Ha 3pasku, ogep-
XaHi Wnsxom umctekToMii abo BigkpuToi pesekuii CM.

BaxnmBuin opieHTMp AN nartonora nig Yac Aocri-
[KeHHs 3paska bioncii abo TYP — cTatyc / HasBHICTb
M’5130B0i 060NOHKN (muscularis propria), OCKinbku Le
€ BaXNMBOK iHhopMaLlielo AN BU3HAYEHHS afekBaT-
HocTi 3paska bioncii abo TYP, Wwo MicTuTb iHBa3uBHY

Maronoris. Tom 21, Ne 3(62), BepeceHb — rpyaeHb 2024 p.

kapumHomy [19,59,60]. Tak, skwo muscularis propria y
TYP-3pasky Hemae, — Lie noka3aHHs 4o nosTopHoi TYP,
SIKLLO MofarnbLLe nikyBaHHs He nepenbayae LMCTEKTOMI.
MiaTBepmkeHo, WO BiACYTHICTb muscularis propria B
3pasky TYP nos’sizaHa 3i 3Ha4HO NiABULLEHUM PU3NKOM
3annLLKOBOro 3axBoptoBaHHA (residual diseases) Ta
paHHLOro peuuamsy [61].

YUnHHI pekoMeHaaLii €BponeiicbKoi acouliaLii ypono-
ris (EAU) pekomeHaytoTts noeToputi TYP:

— nicns HenoBHoI NepauHHOT TYP;

— SAKLLO NiCNs NepBUHHOI pe3eKLii B 3pa3Ky Hemae
M’'a3a, kpim nyxnuH Ta, LG (HeiHBa3uBHa kapumHoma
HU3bKOTO CTyNeHs) i nepeuHHoro CIS;

—y BCiX nyxnuHax T1;

—y Bcix nyxnuHax HG, kpim nepeuHHux CIS [3].

3aranom BBaxaloTb 3a AOLiNbHe 3a3HavaTi HasB-
HICTb YM BiACYTHICTb BMACHOMO M’130BOro Wwapy B Gioncii
yu 3pasky TYP HesanexHo Big TOro, 4 € iHBasuBHa
KapuuHoma.

Aim¢poBackyrapHa Ta nepuHeBpaAbHa iHBa3ia -
BaXMMBUI KPOK Y AMCEMIHALT HEeONNacTUYHUX KNiTUH
PCM, a omxe obos’szkoBuin enemeHT MY (puc. 5).
JlimpoBackynspHa iHBasis € He3anexHUMm npegukTo-
POM peuuamBy Ta 3HWXKEHHS 3aranbHOI BUXMBAHOCTI.
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Puc. 5. JlimdposackynsipHa (A) Ta nepuHeBpanbHa (b) iHBagis ypoteniansHoro PCM. Aptedakt peTpakLii 4oOpe BisyanisoBaHuii (3ipouka).
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HasBHicTb nimdackynsapHoi iHBasii y 3paskax TYP
NOB'si3aHa 3 BULLMM PU3MKOM MeTacTasyBaHHs Y Mim-
daTtnyHi By3nu. Y BUNagkax, Lo BUKIUKAOTb CyMHIBY,
KPOBOHOCHi CYIMHN MOXHa OKPECMUTM 3a JOMOMOTOH
iMyHoricToximiyHoro 3abapeneHHs Ha CD31, CD34
dhaktop VIII-nos’a3aHuin aHTureH. Ha xanb, HaBiTb iMy-
HoricToxiMiuHe 3abapBneHHs He BMpiWUTL Npobnemy
AndbepeHuiavii nimcoBackynapHoi iHeasii Ta aptedakTy
peTpakLii, Konn BUHUKae apTedakTHUIA NpOCTip, 3axo-
NMEHWA MyXIMHHYMK KINITUHaMK; Lie YacTo BU3HAYatoThb
y pasi paHHbOi iHBasil YK y BnacHy nnacTuHKY CrmM3oBol
060noHkK. ApTedhakT peTpakLii Tako MOMITHWIA Npu
mikponaninsapHin YK [62,63,64].

AcoujioBaHi enitenianbHi 3MiHW. Y CEYOBUBIOHMX
LUNSXax BUABMSOTb HEOMMACTUYHI YpaXeHHs, Lo He
BiANOBIAAIOTb KPUTEPISIM KapLIMHOMM, SiK-OT ypoTernianbHy
nanifiomy, iHBepTOBaHy ypoTenianbHy naminomy, ypo-
TenianbHy AMCNNasito, KepaTuHi3ytody MIIOCKOKMITUHHY
mMeTannasiio 3 Aucnnasieto, KUWKOoBY MeTannasioo 3
avcnnasieto. X BUSIBNEeHHs MoXe MaTyt AiarHOCTUYHE 3Ha-
YeHHS (HanpuKnag, HasBHICTb KepaTMHI3yr4Oi NMOCKOKTTi-
TWMHHOI MeTannagii 3 Aucnnasieto, WO NiATBEPIKYE AiarHo3
NEPBUHHOI NIOCKOKMITUHHOI KapuWHOMK), ane He Mae
NiZTBEPAYKEHOrO MPOrHOCTUYHOTO YY1 KNiHIYHOO 3HAYEHHS!
B iHLIMX BUMagkax. Xo4a Anst MOBHOTW BUCHOBKY MOXeE
6yTV KOPUCHWMM MOBIZOMNATW NPO Taki pe3ynbraty, ane
Lie He BBaXalTb 0O0B'A3KOBMM ENEMEHTOM Y KOHTEKCTI
AiarHocTuku kapumHomu [15,16].

OTxe, AaHi NaToricToNOorYHOro aHanidy MatoTb BUPI-
LanbHe 3Ha4YeHHs nig vac nikyBaHHs nauieHTis 3 PCM.
Bxkpari BaxnuBo, W06 natonoroaHaToMu HaZaBanu TOYHi
Ta BUYEPNHi AaHi Wwogo Bioncii i 3paskis TYP, ocobnmeo
B NaLliEHTIB i3 KMiHIYHO HeiHBa3nBHUMY ab0 NOBEPXHEBO
iHBa3VIBHVMM KapLMHOMaMM CE4YOBMBIOHUX LLNsXIB. [JoBe-
[IeHO, LLI0 BUKOPWCTaHHSA CTPYKTypoBaHux npotokonis M,
MOKpAaLLYye BUYEPIHICTb NATOrCTONONYHUX BiOMOCTEN y
MIrB pisHmx nokanisauin [65].

BucHoBKU

1. Be3snepepBHa MixaucLMNiHapHa B3aeMogis, 06-
MiH JOCBIZOM i 3HAaHHAMW MiX naTornoramu, ypororamu
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11 OHKOMOramMmm Mae Ha MeTi NOKPALLEHHS PiBHA HAaJaHHS
MEANYHOT AOMOMOrY XBOPUM OHKOMOMYHOO NPOinto.

2. MNepeknapeHi, aganToBaHi  OHOBMEHI 3rigHO 3
ocTaHHiM V BugaHHam BOOS knacudikauii npotokonu
ansa pocnimpxeHHs PCM Ha ocHoBi 3pa3kiB Gioncii Ta TYP
CTBOPIOKOTb NepeayMoBu Ans ctaHgaptuaauii M0 YK.

MepcnekTUBX NOAAAbLUMX AOCAIAKEHb. HaBeneHi B
ornsgi HayKoBOI NiTepaTypu AaHi akTyanisyloTb NMUTaHHS
LLLOA0 NPOrHOCTMYHOI Ta NPEAVKTUBHOI PO FNiCTOMOMYHINX
nigtvnie YK, wo notpebytoTs NPOAOBXKEHHS BUBYEHHS!
Ana onTumisauii nikyBanbHOI CTpaTerii XBOpUX Ha pak
CE40BOro Mixypa.
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A modern look at pilonidal disease and endoscopic approach
to its treatment
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The aim of the work is to review the literature on the modern view of pilonidal disease and to evaluate the effectiveness of
endoscopic methods of treatment based on the results of research in recent years.

Results. The data of the world literature convincingly testify to the high effectiveness of treatment of pilonidal disease by en-
doscopic techniques. The endoscopic approach is associated with a painless postoperative period, good cosmetic results, a
short period of disability and high patient satisfaction. Despite the short-term benefits obtained, randomized controlled trials
are needed to definitively confirm the effectiveness of this technique to more accurately determine its effectiveness in the
long-term follow-up period.

According to the recommendations of the Italian Society of Colorectal Surgery, it can be considered the gold standard in the
treatment of unbranched pilonidal disease.

Conclusions. The endoscopic approach has significant advantages over other standard surgical methods: minimal pain,
absence of early postoperative complications (seroma, hematomas, bleeding), short hospital stay (up to 1 day), rapid wound
healing and return to everyday life, good cosmetic effect and a small percentage of relapses with short-term observations.

CyuacHMM NOrASIA Ha MIAOHIAAABHY XBOPOOY Ta eHAOCKONIYHUM NIAXiA AO ii AiKyBaHHSA

A. B. KammeHKo, B. P. Butiok

Meta po6oTu - 30iiiCHUT OTNsA BiKOMOCTE HayKOBOI niTepaTypy LWOAO MiNOHIAanbHOT XBOPOOM 1 OLHUTW ehekTUBHICTL
€HA0CKOMIYHMX METOLIB JiKyBaHHA 3a pesyrkratamit 4OCiIKEeHb OCTaHHIX POKiB.

Pe3syastari. 3rigHo 3 faHnMm haxoBoi Nitepatypi, eOeKTUBHICTbL NikyBaHHS NiNOHiAanbHOI XBOPO6W EHOCKOMIYHAMW METOAN-
Kamu Brcoka. EHIockonivHWiA nigxia acouinoBaHwii i3 6e360micHMM nicnsionepaLintHiM NepiofoM, XOPOLUMMY KOCMETUYHUMI
pesyneratamu, KOpOTKM TEPMIHOM Hemnpawe3naTtHOCTI Ta BUCOKWM 3a0BOSIEHHAM NaLieHTiB. HeaBaxaloum Ha BU3HAYeHi
KOPOTKOCTPOKOBI NepeBarit, Ansi OCTaTO4YHOrO NiATBEPMKEHHS ePEKTUBHOCTI LIiEi METOAMKN HeobXiaHI paHLOMi30BaHi KOHT-
pONbOBaHi AOCTIMKEHHS, bW TOYHILLE OLIHUTY ePEKTUBHICTb 3aCTOCYBaHHS €HOOCKOMNIYHOTO NiAXody Y BiaaaneHoMy nepiogi
crnocTepexeHHst. 3rigHo 3 pekomeHaaLismm ITaniincbkoro ToBapucTBa KONOpPEKTanbHOI Xipyprii, eHAOCKOMIYHWIA MiaXig MOXHa
BBaXaTW 3010TUM CTaHAAPTOM Y NiKyBaHHi Hepo3rasyeHoi NinoHifanbHoT XBopoou.

BucHoBku. EHgocKkoNiyHWIA nigxig Mae icTOTHI nepeBarv nepeq iHWMMKU CTaHAAPTHUMM XipyprivHuMKM MeToaamMu, 30Kkpema
BUKINWKAE MiHiManbHWUA 60NMbOBWIA CUHAPOM, HE CNPUYUHSE paHHi MicnsionepaiiiHi ycknagHeHHs (CEpoMu, reMaTomu,
KpOBOTEMi), Mae KOPOTKMI TEPMiH NepebyBaHHs B CTavioHapi (8o 1 4obu), Cnpusie LWBUAKOMY 3ar0EHHI0 paHu Ta NOBEPHEHHIO
[0 MOBCSKAEHHOTO XWTTS, OTPUMAHHIO XOPOLLOTO KOCMETUYHOTO ePeKTy, a TakoX XapaKTepu3yeTbCs HEBENUKUM BiLCOTKOM
peuuavBiB, WO 3adhikcoBaHi Mig Yac KOPOTKOCTPOKOBUX CMOCTEPEXEHD.

Pilonidal disease (PD) is a chronic inflammatory patho-
logy of the intergluteal fold of the sacrococcygeal region,
which is characterized by the presence of a fistulous
passage. This passage opens in the intergluteal fold
with one or more pinholes, in the thickness of which the
hair shafts may be contained. PD was first described
by Herbart Mayo in 1833 [1]. In 1880, R. M. Hodges not
only singled out this disease as a separate nosology, but
also gave it the name “pilonidal sinus”, which reflected
the basic nature of the disease associated with hair
and nesting [2].

It occurs with approximately the same frequency in
the United States, Great Britain and Italy with 26 cases
per 100,000 inhabitants [3,4], and in Germany 48 cases
per 100,000 population [5]. Lyshavsky O. V. et al. in their
work, they claim that 5 % of the population of Ukraine has
pilonidal disease [6]. The disease affects more often men
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between the ages of 15 and 30 [7,8]. The effects of PD
affect patients’ quality of life and can have a significant
impact on their ability to work and social interaction. PD
becomes a significant socio-economic burden for people,
especially during their most productive period of life [9].

Etiology and pathogenesis. From the middle of the
nineteenth century to the present day, there have been on-
going discussions about the nature of the origin of pilonidal
disease. During this period, a large number of theories
with experiments and justifications were proposed.

Tsema E. V. conducted an analysis of the literature on
the etiopathogenesis of PD and his own studies based on
the pathological examination of excised pilonidal sinuses
and hair follicles found inside the sinuses [10,11]. He
structured and supplemented with his own results the
existing theories of the origin of PD. All theories of origin
will be divided into 2 large groups.
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Fig. 1. Pilonidal sinus in the stage of infection. Autor: Dr. Marjan (Jane) Ghadiri [20].
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Theories of the congenital origin of PD:

— empirical theory;

— neurogenic theory;

— ectodermal theory (ectodermal intussusception,
origin, traction diverticulum, caudal ligament);

— the theory of the acquired origin of PD;

— theory of secondary trichogenic etiopathogenesis;

— theory of adipogenic origin;

— theory of constitutional trichogenic etiology;

— theory of inflammatory origin;

— theory of trichogenic epithelial origin;

— theory of the pump mechanism of hair penetration;

— theory of primary trichogenic etiopathogenesis;

— theory of follicular retention origin;

— theory of hydrogen-retential mechanism of forma-
tion of acute pilonidal abscess.

Summing up the results of her research, Tsema
E. V. confirms the recognized scientific opinion that the
etiopathogenesis of pilonidal disease is based on follicu-
lar-retention and trichogenic-pump mechanisms, the key
principles of which were developed by J. Bascom in 1980
[15,16,17,18,19]. In his study, he describes in detail step
by step the process of formation of all elements of pilonidal
disease: primary fistulous tract, pilonidal sinus, as well as
secondary passages. According to the follicular-retention
theory, the following stages are distinguished:

1. The hair follicle in the area of the intergluteal fold,
provoked by a change in hormonal levels during puberty,
begins to increase in size as a result of excessive accu-
mulation of keratin. Impaired keratin outflow from the
follicle is caused by prolonged sitting and swelling of the
surrounding soft tissues, post-traumatic or due to skin
inflammation due to poor hygiene;

2. There is a multiplication of bacteria due to a
disturbed outflow of keratin and a decrease in the oxy-
genation of the contents of the follicle. The spread of the
inflammatory process into the surrounding fatty tissue
leads to complete stenosis of the outlet of the follicle,
acute purulent folliculitis is formed (Fig. 1);

3. The infected follicle ruptures, the purulent exudate
of the hair follicle enters the subcutaneous tissue, which
leads to the formation of an abscess. It should be noted
that the follicle is always destroyed in the bottom area. In
a sitting position, pressure acts on the intergluteal fold,
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which contributes to the breakthrough of the contents of
the follicle not outward, but towards the subcutaneous
tissue [15]. In the standing position, gravity forces act on
the follicle from the intergluteal fold, and the bottom of the
follicle is tightly fixed by connective tissue cords to the
sacrococcygeal junction. Due to traction and contraction,
the bottom of the follicle, as the thinnest area, is torn;

4. Formation of the primary fistulous tract. An acute
abscess drains on its own to the surface or with surgery.
After that, the inflammatory process decreases, and the
excretory duct of the follicle, through which drainage
occurs, opens, but the epithelium of the latter prevents
healing. Thus, an acute pilonidal abscess becomes chro-
nic and constitutes a primary fistulous passage (Fig. 2);

5. The stage of the primary epithelialized course.
There is an ingrowth of epithelium from parts of the
destroyed hair follicle, which leads to the formation of an
epithelialized tract that ends blindly in the subcutaneous
tissue. This is how J. Bascom described the process of
formation of the primary pilonidal sinus as a “secondary
fistula”, which occurs by drainage of a pilonidal abscess
of follicular origin through the physiological excretory
canal of the hair follicle in the area of the intergluteal fold;

6. The stage of development of secondary fistulous
tracts and repeated cases of pilonidal abscesses is cha-
racterized by a key process: retraction of hair into the main
cavity, which occurs due to the accumulation of hair shafts
in the area of the intergluteal cavity. This phenomenon
is based on the action of the so-called trichogenic pump
mechanism.

Secondary epithelial passages. The process of
formation of secondary fistulous passages is based on
the trichogenic-pump mechanism, which consists of the
following sequential stages.

The intergluteal fold in a sitting position closes, it is
sealed from the pressure created by the weight of the
body. At the same time, the walls of the primary course
are also compressed by the same force. Hair shafts from
other parts of the body, once in the intergluteal fold, are
clamped between its walls.

With the transition of the body position to vertical,
the intergluteal fold opens, the pressure on the walls of
the epithelial passage decreases, the latter straightens
and “sucks” hair shafts and other foreign bodies into the
middle.

When returning to a sitting position, the process is
repeated. The cuticular scales of the hair shafts are fixed
in the lumen of the primary epithelial coccygeal passage
and make it impossible for them to move in the opposite
direction with an increase in intraluminal pressure.

Against the background of increased intraluminal
pressure, the hair shaft mechanically perforates the
lateral wall of the primary pilonidal sinus and enters the
subcutaneous tissue.

The presence of a foreign object, such as a hair shaft,
in the subcutaneous fat layer causes the development of
a perifocal inflammatory response and the formation of a
secondary acute pilonidal abscess.

The next phase of a secondary pilonidal abscess
is its drainage. The abscess breaks outward through
the skin, mainly on the side of the central axis of the
body, which leads to the creation of a secondary patho-
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logical course. In this passage, chronic inflammation
is constantly maintained as the body’s response to the
presence of foreign material. Under the influence of
proteolytic enzymes in a purulent outpouring, some hair
shafts can dissolve. However, the possibility of complete
healing of the secondary fistula is hindered due to the
repeated ingress of hair into it from the intergluteal re-
gion through the primary epithelialized passage, which
is the result of the relentless activity of the trichogenic
pump mechanism.

Secondary fistulous passages with prolonged exist-
ence can be epithelialized by spreading the epithelium of
the skin surface along the walls of the secondary fistulous
tract, similar to the mechanism of epithelialization of the
primary epithelial fistulous tract (Fig. 2). However, in this
case, the epithelialization time is slower due to the lower
mitotic potential of the skin epithelium compared to the epi-
thelium of the hair follicle [10,11,12,13,14,15,16,17,18,19].

Choy K., and Srinath H., in their paper “Pilonidal
disease practice points: An update” (2019), emphasize
that the etiology of pilonidal disease is still a matter of
debate [13]. However, the three most popular theories
claim that the main mechanism for the occurrence of
pilonidal disease is a response to foreign bodies. Karyda-
kis G. E., Bascom J. describe the follicular-retention and
trichogenic-pump theories, Stelzner singles out retention
dermatopathy as the main factor in the occurrence of
pilonidal sinus.

The clinical picture of pilonidal disease consists of
three forms:

1. asymptomatic sinus — patients are only concerned
about the presence of fistulous passages, which bring cos-
metic discomfort. Under certain conditions, one of which is
meticulous hygiene, the disease regresses after 40 years.

2. Acute pilonidal abscess — patients complain of
ball-shaped swelling and hyperemia of the skin, intense
pain in the area of the latter. Often this focus is localized
in the intergluteal fold. Treatment involves opening and
debridement, abscess drainage, and curettage to remove
hair follicle remnants and foreign bodies.

3. Chronic pilonidal sinus — patients usually have
recurrent pain, swelling, and discharge, more often in the
intergluteal region. There is a history of acute pilonidal
abscesses that have either drained spontaneously or
by surgery.

In this group of patients, it is possible to consider
various surgical methods for the treatment of chronic
symptomatic pilonidal sinus. These include classic radical
excision of fistulous passages or new techniques using
laser treatment or endoscopic treatment of the pilonidal
sinus (EPSIT).

Aim

The aim of the work is to review the literature on the
modern view of pilonidal disease and to evaluate the
effectiveness of endoscopic methods of treatment based
on the results of research in recent years.

Methods of surgical treatment of chronic pilonidal si-
nus. The number and variety of published techniques tes-
tify to the complexity of the treatment of pilonidal disease.
At the same time, no procedure is the best in all respects.
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Fig. 2. Scheme of pilonidal sinus formation according to the follicular-retention. theory. Autor: Dr.
Bernhard Hofer [21]. 1: normal hair follicle; 2: enlarged follicle with broken hairs; 3: spread of the
inflammatory process into the surrounding adipose tissue; 4: large hole; 5: small hole; 6: secondary
fistula passage; 7: loose hair shaft; 8: pilonidal sinus with hair; 9: granulation tissue.

The most effective emergency treatment for acute pilo-
nidal abscess is a simple incision and drainage. However,
the surgical treatment of chronic pilonidal sinus and its
recurrence is controversial. There have been numerous
studies that have favored one excisional therapy over
another, but many are characterized by a lack of control
groups or a short follow-up period. In addition, excision of
the pilonidal sinus, with or without primary closure, can be
performed in a variety of ways, through a middle or lateral
incision. Recurrent pilonidal sinus disease after surgery
presents a complex problem with a long-term recurrence
rate of 5 % to 34 % [22,23,24]. Relapses can be divided
into two groups: early and late. Early recurrence occurs
because one or more sinuses could not be identified
during surgery, while late recurrence usually occurs due
to secondary infection, high body mass index, remnants
of hair shafts or foreign bodies that were not removed
during initial surgery, inadequate wound care, or lack of
attention to waxing [25].

Excision of the pilonidal sinus with open wound mana-
gement. The method consists in complete maximum
excision of the pilonidal sinus and secondary fistulous
passages, after preliminary staining with methylene blue
or brilliant green solution. The advantages of this method
include technically simple surgical intervention, a lower
number of relapses of up to 18 %. Disadvantages include
along wound healing time of 4 to 7 weeks (delayed heal-
ing caused by infection, particularly anaerobic), which
reduces the quality of life of patients and causes long-term
disability [26,27,28].

Excision of the pilonidal sinus with primary recon-
struction. Due to the disadvantages of open wound
management after excision of the pilonidal sinus, options
for closing the wound defect have been discussed since
the early mid-nineteenth century. Stauffer V. K. et al.
published a paper that analyzed 740 studies from 1833
to 2017, which included a total of 83,000 patients under-
going surgical treatment for pilonidal disease. The main
goal of the study was to compare the number of relapses
after 5 years. It should be noted that the results of wound
closure by Karydakis and Bascom Il methods were better
compared to midline closure of the intergluteal fold 15.0 %
versus 21.9 % [29].
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After analyzing 33 studies with 3667 patients, it
was concluded that closing the defect outside the
midline of the intergluteal region promotes better
wound healing, reduces pressure on the suture area,
reduces the frequency of wound opening, and speeds
up return to work [30]. The most common plastic-re-
constructive methods are Karydakis flap and Bascom
Il (cleft-lift) surgery.

Reconstruction according to the Karydakis flap
method. Excision of the pilonidal sinus and secondary
fistulous passages is performed with an elliptical incision,
the apices of which are located 2 cm to the left or right
of the midline of the intergluteal fold. The skin flap is
isolated 1 cm medially and 2 cm laterally, the next stage
is the installation of aspiration drainage and suturing the
wound in several rows (the first row is fixed to the sacral
fascia), the skin is sutured according to Donati. As a result,
the primary suture is located laterally to the midline of the
intergluteal region [31].

Oskar Hemmingsson et al. presented a study involv-
ing 116 patients, dividing them into two groups. The mean
wound healing time for the first group after debridement
with midline sutures was 49 days (32 to 66 days), in the
second group after excision and closure with the Kary-
dakis flap technique — 14 days from 12 to 20 days. Each
group had five relapses after a median follow-up period
of 11 years [32].

Maria Bubenova and Zdenék Kala published a paper
outlining the observation of 12 patients after excision of
the pilonidal sinus with Karydakis flap plasty. Based on the
data obtained, the authors conclude that the reconstruc-
tion technique according to G. Karydakis is a very good
example of methods that successfully solve the problem
of deep intergluteal folds in patients with pilonidal disease.
However, for greater evidence, it is necessary to increase
the patient group and monitoring time [33].

Peiliang Wu et al. conducted a systematic search and
analysis of articles in the PubMed database regarding
relapses and infection in the early postoperative period
of surgical uncomplicated pilonidal disease. The study
included 54 articles with 3612 patients. The results are
consistent with previous studies with midline closure. The
incidence of wound infection and divergence of wound
margins in the early postoperative period was significantly
higher compared to Limberg flap and Karydakis flap. At
the same time, a comparison of the latter with each other
did not show significant differences [34].

Thus, the Karydakis flap method is effective in the
treatment of pilonidal disease, but it has two limitations. In
patients with secondary fistula passages too far away, the
procedure was technically difficult to perform. The same
difficulties were present in opening the fistulous passages
on both sides of the midline, which required volumetric
excision on both sides of the midline. The work conducted
Qi Zou et al., involved 100 patients who underwent MRI
of the soft tissues of the coccygeal area before surgery to
accurately measure the main parameters of the pilonidal
sinus (size, volume, location and relationship with the
surrounding tissues). The data were analyzed to select
a surgical method of treatment and predict complications
during surgery and in the postoperative period, showing
a significant positive effect [35].
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Operation Bascom Il (cleft-lift). The “cleft-lift” tech-
nique proposed by J. Bascom is an improved version of
the Karydakis flap technique and in translation explains
the main intention of the procedure — the lifting of the in-
tergluteal fold, which, according to the author, acts directly
on the trichogenic-pump etiopathogenesis of pilonidal
disease [15,16,17,18,19].

The technique of surgical intervention Bascom |l
(cleft-lift) consists in asymmetrical excision of the skin flap
together with the pilonidal sinus on one side of the midline
of the intergluteal fold, the next step is the skin-subcuta-
neous flap mobilized on the other side to this place. The
subcutaneous tissue of both sides is juxtaposed and
stitched together, forming a “fat pad” at the site of the
previous deep intergluteal fold [17,18,36].

Steaven Immerman, together with colleagues at Ever-
green Surgical, Eau Claire, USA, published a paper with
their own experience, performing 700 operations between
1993 and 2020 using the “cleft-ift” technique. At the same
time, 332 patients, who already had surgical interventions
for pilonidal disease in the anamnesis. The most common
complication was the lag of the skin from the subcutane-
ous tissue — 76 (10.9 %) people. No measures were taken
in this regard, the only thing that patients were advised to
keep the area clean and dry. Wound infection was noted in
18 (2.6 %) people, of which 2 patients required additional
debridement, irrigation and drainage of the wound; the
latter had enough antibiotic therapy and drainage for a
few more days. Postoperative hematoma occurred in 8
(1.1 %) people, which was associated with postoperative
falls, taking anticoagulants, or blood clotting disorders.
Divergence of wound edges — 5 (0.7 %) people, which
was associated with trauma, poor wound care, technical
error, or seroma that appeared after drainage removal.
Treatment required repeated surgery. Also, the authors
found that each of the complications was more common
in the case of previously operated patients [37].

Quinton Hatch et al. published a paper in which they
presented the results of their own observations of the
treatment of pilonidal disease by the Bascom Il (cleft-lift)
method. In total, between 2013 and 2018, they operated
235 patients in more than 30, with a BMI of 45 %, 24 %
were smokers, and 103 patients already had a history
of surgery for pilonidal disease. All complications were
divided into two groups: small and large. The second
group required repeated surgical interventions, and
the first group could limit itself to taking antibiotics and
outpatient drainage. The number of recorded relapses
was 4.7 %. The group of major complications included
repeated surgical intervention in the scope of drainage
and revision — 23 (9.7 %) patients, the need to use VAC
systems —7 (3.0 %) and prolonged wound non-healing —
37 (15.6 %), other significant complications —46 (19.4 %).
Minor complications included separation of the skin from
the subcutaneous tissue — 62 (26.2 %) patients, hema-
tomas - 6 (2.5 %), seroma — 12 (5.1 %), wound infection
(treatment limited to antibiotics) — 7 (3.0 %) and other
minor complications — 81 (34.2 %). Given the above data,
the authors conclude that the number of complications and
relapses is relatively high compared to other publications.
However, such results were obtained in a high-risk patient
population. A BMI of more than 30 and previous surgical
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interventions for pilonidal disease are unfavorable factors
for postoperative complications. Patients in these groups
should be adequately informed about the high risks prior
to surgery [38].

Ojo D. et al. published their work, in which they
demonstrated the results of the treatment of pilonidal
disease using the Cleft-Lift method from 1995 to 2021
in two different clinics. A total of 714 surgeries were
performed, but only 656 patients were continuously
monitored. Among them, 293 had a history of surgery
for pilonidal disease. The authors note the following
results: primary wound healing in 398 (60.7 %) patients,
secondary healing — 230 (35.1 %), repeated surgery
required — 19 (2.9 %), minor complications (opening
and drainage of abscess, hematoma) — 23 (3.5 %) and
recurrence rate — 23 (25.0 %). Considering the results and
analysis of the work carried out by the authors conclude
that this technique has good results of healing by primary
and secondary tension with a maximum period of up to
16 weeks and note the advantage over wide excision of
the pilonidal sinus with closure along the midline of the
intergluteal fold [39].

Endoscopic pilonidal sinus treatment (EPSIT) / Video
assisted ablation of pilonidal sinus (VAAPS). The general
medical trend towards minimally invasive surgical in-
terventions has also affected pilonidal disease. Radical
methods of excision and plastic surgery of the intergluteal
area have a number of disadvantages: a high percentage
of relapses and complications of the early postoperative
period, such as wound infection, divergence of the
wound edges, prolonged healing, and others. Taking
into account the above factors, over the past 20 years,
research and improvement of new methods of treatment
of pilonidal disease have been ongoing aimed at minimal
surgical aggression and rapid recovery of patients with
a return to work. With the shift to minimally invasive
surgery, video-assisted pilonidal sinus ablation (VAAPS)
and endoscopic pilonidal sinus treatment (EPiST) have
gained popularity.

Endoscopic treatment of pilonidal disease was first
described by P. Meinero et al. in 2014. Having obtained
good results using the technique of treating complex rectal
fistulas with video assistance [40], the authors decided
to improve this technique for the treatment of pilonidal
disease using fistuloscopy and ablation of the primary
sinus and secondary fistulous passages.

To perform the procedure, a fistula was required
equipped with an optical channel, a working channel
for instruments and an irrigation system (glycine-man-
nitol solution 1 %), forceps, a brush, and a monopolar
coagulator.

The operation consists of two stages: diagnostic
and operational. The cutaneous opening of the fistula is
expanded to 0.5 cm with a scalpel to insert a fistuloscope,
the primary sinus is examined, and all branching paths
are determined (Fig. 3). The next step is to start the for-
ceps, with the help of which all hair shafts, follicles and
side objects are carefully evacuated. Further, with the
help of an electrocoagulator, ablation of the granulation
tissue of the pilonidal sinus and all secondary fistulous
passages occurs. All necrotic lobules are removed with
a brush or Volkmann’s spoon, if possible. A continuous
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Fig. 3. Use of a fistula in EPSIT. Autors: Meinero P., Mori L., Gasloli G. [41].

stream of glycine-mannitol solution during the procedure
provides a clear field of vision and flushing out of small
foreign bodies and necrotic particles. Then hemostasis
and dressing on the wound, the patient was discharged
home on the same day [41,42].

In the period from March to November 2012, 11 pa-
tients were operated on using this technique, 8 already
had a history of surgery in this area. There were no
serous complications or relapses within 6 months. In the
early postoperative period, pain syndrome almost did not
bother patients on the VAS scale, the average result was
1.9 points, on the first day only 2 patients needed anes-
thesia. After 1 month, the external opening closed in all
patients. Based on their experience, the authors positively
note the technique due to the complete removal of hair
during visual control, aesthetic result, low pain syndrome
and rapid healing and return to work in 2—-3 weeks [41].

In 2013, simultaneously with the development and first
studies of the EPSIT technique by Meinero [41], Marco
Milone and his colleagues, having adopted the experience
of surgical interventions using video-assisted ablations
of complex rectal fistulas [40], also decided to apply a si-
milar approach in the treatment of pilonial disease. Milone
called his technique VAAPS, the equipment, method and
sequence of the procedure were almost exactly similar to
EPSIT technique, which was described earlier. One of the
small details is the use of a philological solution instead
of a 1 % glycine-mannitol solution for constant irrigation
during surgery. Given the similarity of these methods, they
can be considered as synonymous with new technology,
the main purpose of which is the use of endoscopic me-
thods in the treatment of pilonidal disease [43,44].

In the period from September 2011 to February 2012,
Milone, together with colleagues from the University of
Naples, performed the first surgical interventions using the
VAAPS method. A total of 28 surgical interventions were
performed. In the early postoperative period, all patients
noted a low pain syndrome, a maximum of 2 points on
VAS, and were also satisfied with the visual appearance.
Only one patient noticed a recurrence within one year. In
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general, patients returned to work after 2 weeks. Sum-
ming up, the authors noted that the results of the work
indicate the high efficiency of the method, the rapid stage
of rehabilitation, the absence of complications in the early
postoperative period, such as wound infection, divergence
of wound edges, seromas, and hematomas [43].

Ramin Azhough and Swivaut published the results
of their work, in which they performed 100 surgical inter-
ventions using the EPSIT technique from 2017 to 2019.
Patients reported low pain during the 1st postoperative
week. On the VAS scale, the maximum is 6 points (4 %),
most patients gave 2-3 points, 28-37 %, respectively.
Wound healing lasted from 2 to 4 weeks, a longer period
is associated with greater branching of fistulas. Patients
returned to work in 2-5 days. The total follow-up period
ranged from 8 to 24 months, during this period no patients
noted conclusions such as hematomas, seroma, wound
infection, recurrence was seen in 4 %. The authors con-
clude that the EPSIT technique is an effective method
of treating uncomplicated pilonidal disease, has a low
recurrence rate, minimal time spent in the hospital and
return to work as early as the 2nd day after surgery [45].

In 2019, Kalaiselvan, together with colleagues from
Whiston Hospital, UK, presented the results of their ob-
servations on 74 patients who underwent treatment for
pilonidal disease using the EPSIiT method between 2014
and 2018. The median follow-up period was 52 weeks
(range 2 to 114 weeks), 8 patients were out of sight, so
the results were given for 66 people, among them only
31 this surgical intervention was the first in the treatment
of pilonidal disease. During the follow-up, the authors
noted complete recovery after surgery in 67 % (44 pa-
tients); 22 patients required reoperation. At the second
stage, it was decided to perform various methods: 8/22
patients underwent repeated EPSIT, after which only 1
patient had complaints, he underwent reconstruction
using the Karydakis flap method at stage 3, after which
the patient noted a complete recovery. The second group
of re-operated patients (5 people) underwent recon-
struction using the Karydakis flap method in the second
stage, after which all fully recovered. The third group (9
people) was the second stage of excision of superficial
granulation tissue, at the time of publication they were
still under observation. It should be noted that of the 31
patients who did not have a history of previous pilonidal
disease surgeries, 28 achieved complete recovery after
the first EPSIT procedure (90 %). The authors support
Meinero’s position and believe that this technique can
be used as the first stage in an unbranched fistula sys-
tem, and in difficult cases it can be supplemented with
a reconstructive stage [46].

Short-term research results have been successful.
There are no or low rates of early complications such as
wound infection, wound margin divergence, seromas,
hematomas, and low recurrence rates. The obtained
results needed long-term confirmation, an increase in
the number of patients and randomized trials. Milone M.,
together with colleagues from the University of Naples,
based on previous positive experience with the use of
VAAPS, conducted a large study involving two groups with
along follow-up period of 5 years. The first group included
74 patients who underwent minimally invasive surgery

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

using the VAAPS method, the second group consisted
of 67 patients who underwent surgery using the Bascom
Il (cleft-lift) technique. The main goal of the study was to
compare 2 methods under the same conditions, namely
the presence of chronic non-recurrent pilonidal disease,
and the absence of comorbidities. The ratio between men
and women, the age and complexity of branching of the
pilonidal sinuses in percentage comparison were as close
as possible in each group. As for relapses after the first
year of follow-up, 3.9 % in the minimally invasive group,
5.8 % in the classical method, and 24.3 % and 23.8 %
after 5 years, respectively. The results indicated similar
relapse rates of the two techniques. All patients underwent
quality of life and cosmetic satisfaction testing, in which
the minimally invasive group received the highest scores.
Also, patients after VAAPS in the early postoperative
period needed fewer dressings, follow-up examinations
by a doctor, and returned to work faster.

Although VAAPS has been found to be safe and
effective in the treatment of chronic pilonidal sinus
[42,43,44,45,46,47 48], less is known about the use of
this method in the treatment of acute pilonidal abscess.
In 2020, a paper was published in which Michele Mani-
grasso et al. evaluated the results of observation of two
groups of patients with acute pilonidal abscess. Each
patient group consisted of 41 people. In the first group
in the first stage, surgery was performed according to
the VAAPS method with a course of antibiotic therapy
(ciprofloxacin 500 mg 2 times a day — 3 days and metro-
nidazole 250 mg 3 times a day), in the second group, the
first stage was the opening and drainage of the abscess
and the second stage a month later, with a decrease in
the inflammatory process, VAAPS was performed. The
follow-up lasted for 5 years. The results were collected
in the early postoperative period and at 1, 3 and 5 years
after surgery, the main criteria were the presence of
relapses, time of disability, wound healing time, and the
presence of wound infection. Unfortunately, during the
study, patients fell out of sight and in the third year, the
early VAAPS group consisted of 20 patients, and the
delayed VAAPS group consisted of 18 patients, and in
the 5th year, 8 patients remained in each group. As for
relapses, the results were similar, so after 1 year their
percentage was 4.9 % and 7.3 %, after 3 years — 10 %
compared to 16 %, and after 5 year — 25 % compared to
37.5 %. Usually in the group with early VAAPS, the time
to return to work was significantly faster (median 3 days)
compared to autopsy and abscess drainage (median 3
weeks). Evaluation on the pleasure scale, in which the
patients of the first group scored higher. It should also
be noted that the mean wound healing time, the number
of incomplete wound healed, and postoperative wound
infections were similar in both groups. Therefore, the
authors concluded that the use of the VAAPS technique
in acute pilonidal abscess can be applied in practice, since
during the first year the group with early minimally invasive
treatment showed better data. But this topic requires a
more extensive study, because only 8 patients underwent
5 years of follow-up [47].

In 2018, A. Pappas together with D. Christodoulou
published their first experience of using a diode laser in
the treatment of pilonidal disease.
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The procedure was performed under local anesthesia,
after dilating the outlet of the pilonidal sinus to 1 cm, a
thorough cleaning of the fistulous passages with a curette
was performed. A radial fiber connected to a diode laser
at a wavelength of 1470 nm was injected into the sinus
tract, and the laser energy was supplied continuously.
The laser probe was removed from the tract at a rate of
1 mm/s. If the tract did not close after the first insertion
and output, the procedure was repeated. The authors
reported an efficacy of 90.3 % in their prospective study of
237 patients. In recent years, there has been an increased
interest in laser therapy for the treatment of pilonidal sinus
disease due to its simplicity and ease of application [49].
Asystematic review study showed that laser treatment of
patients with pilonidal sinus disease resulted in complete
healing in 94.4 % and a recurrence rate of 3.8 % [50].

In 2023, Turkish surgeons Cenk Ersavs et al. pub-
lished a study on the comparative efficacy of EPSIT and
SiLaT, which included 73 patients with chronic pilonidal
sinus. The follow-up period was 2 years. Postoperative
examination was performed weekly. The assessment of
pain on a visually analogue scale, the need for analgesia,
the day of discharge, and the time of wound healing were
recorded. Follow-up examinations were carried out 3, 6
and 12 months after surgery. 36 patients underwent EPSIT
and 37 patients underwent SiLaT procedure, the number
of fistula passages and the complexity of branching were
approximately equally distributed. In the early postopera-
tive period, bleeding and necrosis of adipose tissue were
recorded in two patients in the SiLaT group. The mean
wound healing time and rate of return to daily activity
were similar in both groups. Relapses were detected in
4 people from the EPSIT group and in 3 people from the
SiLaT group. The authors noted the high effectiveness of
the two methods, a short hospital stay and a quick return
to work. The use of a laser does not significantly increase
wound complications, however, the use of a laser increas-
es the use of analgesics in the postoperative period [51].

The Italian Society of Colorectal Surgery (SICCR) re-
leased a consensus statement at its 2020 annual meeting,
based on the experience of the members of the society
and the analysis of more than 110 publications on surgical
treatments for pilonidal disease. In their report, studies of
the most used surgical interventions for pilonidal disease
are discussed and presented, the pros and cons of each
procedure are given. With regard to endoscopic treatment,
the effect of the method exclusively on the pilonidal sinus
and secondary fistulas, rapid postoperative recovery and
wound healing, return to work and patient satisfaction was
positively noted. In summary, the authors note that in the
treatment of pilonidal disease, it is possible to use excision
with open healing, with primary closure in the midline and
an endoscopic approach. Although many surgical aspects
of the treatment of pilonidal disease remain controversial,
panelists recommend adopting minimally invasive tech-
niques in cases of unbranched pilonidal sinus and using
conventional treatment in complex cases [52].

Conclusions

1. Pilonidal disease is a factor in treatment due
to frequent complications in the postoperative period,
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hematomas, seromas, wound infection, divergence of
wound edges, and frequent relapses. Due to the fact that
PD is more common in men aged 15 to 30 years, the long
time of their treatment is a direct burden on health care
facilities, and an indirect burden for the country due to the
long-term disability of the population. For the treatment of
acute pilonidal abscesses, dissection and drainage with
curettage are recommended. Wide excision with primary
closure or healing by secondary tension is the currently ac-
cepted treatment for most chronic diseases of the pilonidal
sinus. None of the methods of surgical interventions has
been universally recognized. Relapse of the disease and
complications remain an urgent problem today. Excision
and primary closure outside the midline by various methods
showed better results in the percentage of recurrences and
early complications. Wide, excessive excision with different
reconstruction options can be complicated by infection or
divergence of the wound edges, which significantly increas-
es the duration of treatment and disability.

2. The transition to endoscopic techniques solves
most of the shortcomings of classical surgical interven-
tions, although at the moment there is not enough data
to support this method, especially in the conditions of our
country. The disadvantages include the potential cost
of equipment, the need for specific training. In addition,
patient selection is key, as endoscopic treatment will
provide the greatest benefit for a minimally branched
pilonidal sinus with few secondary fistulous passages. In
this case, the procedure can be performed through one
skin hole. For some patients, wide excision is still the
surgery of choice, but with endoscopic techniques, the
number of these patients can be reduced.

Prospects for further research. The presented results
of the use of endoscopic methods of treatment of pilonidal
disease seem to be better than the results of classical
surgical interventions. However, favorable short-term
results and lack of reliable long-term follow-up data should
provide an incentive for further high-quality studies to draw
definitive conclusions about this technique.
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EKTONiYHUM paK LUTOBUAHOI 3aA03U AEYHUKA — HEBUPILLEHi NUTaHHA
AlarHOCTMKM Ta AiKyBaHHA struma ovaria maligna
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Struma ovaria € ekToni4YHO0 NoKanisauieto 3pinoi TKaHWHW WMTOBMAHOI 3ano3un B siedHukax. Lle pigkicHa cpopma moHogep-
MarnbHOi Tepatomu, Lo 3aebinbLuoro € 4obposikicHo natonorieto. MepBUHHI 3N0SAKICHI NYXMUHW LWMTOBUAHOI 3ano3u B npu-
fatkax MaTkv npefcTaBfeHi TUPeoiaHMM KapLyuHoMamu. Y 383Ky 3 pigKiCTIo Liei natonorii (MeHLue HiX 1 % ycix myxminH),
i TOMy HeOCTaTHICTIO 0COBMCTOro AOCBIAY, HEAOCTATHICTIO BiBOMOCTEN Yy (haxoBill NiTepaTypi, a TakoxX Yepes Te, Lo A0Ci He
po3pobneHo y3aranbHeHi pekoMeHaaii, nig Yac Tepanii nauieHTis 3i struma ovaria nikapi npunyckarTbes 6araTbox NOMMIIOK.

Merta pobotn — onucat pikicHe KniHiYHe CNOCTEPEKEHHS NEPBUHHOIO NaNiNAPHOMO paky LUWTOBUAHOI 3a503u Y SEYHUKY 1
06roBOPUT MOMMIKW, SKUX NPUMYCTUACA Nif Yac MikyBaHHS.

Kniniunui Bunapok. MMig crnoctepexeHHsM nepebyBanu m'sTepo XKiHOK i3 ricTonoriYHo NigTBepAKeHMM AiarHosoMm struma
ovaria. Y YoTMpbOX NaLieHTOK ypaxeHHs Manu obposikicHuiA xapakTep. B ogHiei xBopoi AiarHOCTOBaHO €KTONIYHY TUPEOiaHY
KapuuHomy. HaBeaeHo icTopito xBopo6u 70-pivHOi XiHKW, Kl BUKOHaNW onepaLito ricTepekToMii 663 HaCTYMHOro nikyBaHHs y
crevwjianiaoBaHOMY OHKOMOMYHOMY LIEHTPI 3 NPUBOAY NEPBUHHOTO NaNiNAPHOMO paKy LUMTOBUAHOI 321031 B SEYHUKY.

BucHoBku. i yac cnoctepexeHHs 3a nauieHTamm 3i 3nosikiCHO struma ovaria KniHiLMCTW MOMUKOBO He BUKOPUCTOBYHOTb
pekoMeHaaLii, po3pobneHi Ans AiarHOCTWKY 11 KOMBIHOBAHOTO NiKyBaHHS BUCOKOAUMEPEHLINOBAHNX TUPEOIAHNX KAapLMHOM,
He3anexHo Bif, IXHbOI €YTOMIYHOI YW eKTONIYHOI NokanisaLii.

Ectopic thyroid cancer in the ovary - unresolved issues of diagnosis and treatment
of struma ovaria maligna

0. 0. Kovalyov, O. P. Tolok, K. 0. Kovalov

Struma ovaria is an ectopic localization of mature thyroid gland tissue in the ovaries. This rare form of monodermal teratoma
is mostly a benign pathology. Primary malignant tumors of the thyroid gland in the appendages of the uterus are represented
by thyroid carcinomas. Due to the rare pathology (less than 1 % of all tumors), insufficient information in the literature, lack
of generalized recommendations and personal experience, doctors make many mistakes during the treatment of patients
with struma ovary.

The aim of the work is to demonstrate a rare clinical observation of primary papillary thyroid cancer in the ovary and to discuss
the mistakes that were made during treatment.

Case report. 5 women with a histologically confirmed diagnosis of struma ovary were under our observation. In 4 lesions
were benign. One patient was diagnosed with ectopic thyroid carcinoma. The medical history of a 70-year-old woman who
underwent hysterectomy without further treatment in a specialized oncology center for primary papillary thyroid cancer in the
ovary is presented.

Conclusions. When managing patients with malignant struma ovary, clinicians mistakenly do not use the guidelines developed
for the diagnosis and combined treatment of highly differentiated thyroid carcinomas, regardless of their eutopic or ectopic
localization.

Struma ovaria € ekToniyHoIO Nokanisauieto 3pinoi Tka-
HWHU WWTOBMAHOI 3ano3u B sieuHukax. Lle pigkicHa
dopma MoHoaepManbsHoi TepaTomu, Lo 3aebinbLIoro €
[LobposikicHor natonorieto. MNepBuHHI 3nosiKiCHI NyXnuHK
LUMTOBMAHOI 321031 B npuaaTkax MaTku npeacTaBneHi
KapLmHOMamu, O FCTOMOrMYHO BiANOBIAAOTL BUCOKO-
AndepeHLiioBaHOMY TUPEOIAHOMY Paky.

Y 3B's3ky 3 pigkicTio uiei natonorii (MeHwe Hix 1 %
YCiX NYX/MH), i TOMYy HEOQOCTATHICTIO 0COBUCTOro JOCBI-
[y, HEQOCTAaTHICTIO BiQOMOCTEN Yy haxoii Nnitepatypi, a
TaKoX Yepes Te, Lo J0Ci He po3pobneHo y3aranbHeHi
pekomeHAaLlii, nig Yac Tepanii navuieHTiB 3i struma ovaria
nikapi npunyckatoTbes 6aratbox nomunok [1,2,3].
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Y cTaTTi NOpyLLEHO aKTyanbHi NUTaHHS OO BeAeH-
HS TAKUX NALjiEHTIB.

Merta po6otu

Onucaty pigkicHe KniHiYHe CMoCTepPeXeHHs NePBUHHOTO
naninspHOro paky LUMTOBMAHOI 3ar03u Y IEYHNKY 11 obro-
BOPUTU MOMMITKW, IKUX MPUMYCTUAMCA Mif Yac NikyBaHHS.

Marepianu i meToAU AOCAIAKEHHA

O6cTexeHHs, XipypriyHe nikyBaHHS Ta HaCTyMHe crno-
CTepexeHHs 3a xBopoto 3ajicHunn B KHIT «3anopisbkuii
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KAIHIYHWMW BUNAAOK

Puc. 1. ManinspHa kapLnHoMa LMTOBIAHOI 3351031 B SEYHIKY. TkaHWHa CTPYMU Ta kapumHomin. 3abapBneHHs Ha remaTokcuniH-eoaunH, x100.

Puc. 2. ManinsipHa kapLumHoOMa LMTOBWUAHOI 3an03u B sie4HuKy. MosuTueHe 3abapnenHs Ha CK19 y finsHkax cTpymm Ta kapumHomu. 36inbluenHs x100.

Puc 3. ManinsipHa kapLyHoma LMTOBMAHOT 3a5103V B sie4HIKy. MoauTnsHe 3abapsreqtst Ha TTF-1 y AinsHkax cTpymm Ta kapumHomu. 36inblueHHst x100.

Puc 4. ManinsipHa kapunHoMa LMTOBWAHOI 3ar03u B Sie4HuKy. Mo3nTusHe 3abapsneHHs Ha Thyroglobulin y ainsiHkax cTpymu Ta kapuuHomm. 36inbLuerHs x100.

perioHanbHU NpoTUNYXNHHKIA LUeHTp» 30P (M. 3ano-
pixoks1). Mopdhonoriyri i iMyHOrCTOXiMIYHI JOCNIIKEHHS
BMKOHaHO B nabopatopii OncolLab-Ulis (M. 3anopixoks,
niuexsis Ne M11-21 Big 29.03.2021 poky).
MopdbonoriuHe focnigkeHHs GionciHoro matepiany
3AINCHWNK, BUKOHABLLM 3abapBreHHs reMaToKCUiHOM
Ta €03MHOM. [Ins iMyHOriCTOXIMIYHOrO AOCHImKXEHHS
BUKopuctanu aHtutina Thyroid Transcription Factor
TTF-1 (Diagnostic BioSystems, knoH 8G7G3/1),
Cytokeratin 19 (Diagnostic BioSystems, knon A53-B/
A2.26), Thyroglobulin (Diagnostic BioSystems, knox
1D4), PAX-8 (Diagnostic BioSystems, kroH BC12), SALL4
(Diagnostic BioSystems, Clone 6E3), CD56 (DAKO, kroH
123C3), Synaptophysin (DAKO, knoH DAK-SYNAP),
Chromogranin A (Diagnostic BioSystems, knoH LK2H10).

KniHiuHMI BUNapoK

XiHka Bikom 70 pokiB nepebyBana Ha niKyBaHHi
B KHI «3anopisbkuii perioHanbHUn NpoTUMYXMMHHWIA
ueHTp» 30P (M. 3anopixoks), 4O SKOTO 3BepHynacs B

Maronoris. Tom 21, Ne 3(62), BepeceHb — rpyaeHb 2024 p.

cepnHi 2022 poky. 3 aHamMHe3y BiZOMO, WO Y BiLli 38 pokis
nepeHecna aMmnyTaLlito MaTku 3i 36epexXeHHsIM SEYHUKIB
3 npuBogy pobposikicHoi natonorii. Mig yac Y3[-o6cTe-
KEHHSI BUSIBMEHO MyXMUHY MiBOTO SIEYHMKA PO3MIpOM
80 x 83 x 75 mm. CA125 3anuwascs Ha HopMarbHOMY
piBHi — 9,2 Og/mn.

O3HaK ypaXXeHHs iHLLIKMX OpraHiB, 30Kpema 1 LwuTo-
BUAHOI 3anoau, He Byno. TupeoigHuMiA cTaTyc y XBOpOi
nepez nikyBaHHSM He BUBYanu.

Mig yac onepalji BUSBNEHO MyXJIUHY, LU0 BidyarnbHO
CXOXa Ha 31osikicHy. HoBOYTBOpEHHS BuaaneHo pasom
i3 LUMKOK MaTKK, NpaBuUM HE3MIHEHUM SIEYHMKOM i Be-
TIUKUM YenLem.

[Mig yac NepBMHHOMO FCTONOMYHOIO AOCHIKEHHS
HasIBHICTb eniTenianbHOro paky SEYHMKa BUKMIOYEHO, i
TOMY af’toBaHTHY XimMieTepanito He npuaHadveHo. Mauj-
€HTKa HanpaBneHa 0 CIMENHOTO nikapsi 4nst HACTYMHOro
CMOCTEPEXEHHS.

[iarHo3 naninsipHa kapuy“HoMa LUMTOBUAHOI 3ar03u
B SI€4HMKY (Struma ovaria maligna) BCTaHOBMeHMI y nato-
noriyHin nabopatopii OncoLab-Ulis, go skoi npenapatu
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Case report

HaZiNLLAN AN KOHCYNbTYBAHHS W iMYHOTCTOXIMIYHOTO
[OCHIMKEHHS.

licTonoriyHo yTBOPEHHSI copMOBaHO 3pinoto ¢o-
NiKyNAPHOK TKAaHWHOK LMTOBMAHOI 3ano3un. B oaHii
i3 4insHOK NyxmuHa Mana conigHy OynoBy 3 03Hakamu
iHBA3WBHOIO POCTY B NpuWIerny CTpoMy sieyHuka 6e3
ypaxeHHst kancynu. KnitTuhu manu npocsitneHi sapa
i3 BKMOYEHHAMU Ta Gopizakamu; Le XapakTepHo Ans
naninspHoi KapLMHOMU LUMTOBUAHOI 3ano3u. BussneHo
BENWKY KinbKicTb atunosux iryp mitosis. OTxe, 3a
ricronoriyHoto By10BOK YTBOPEHHS BiANOBigano cTpymi
S€YHMKa 3 ManirHisauieto (puc. 1).

Y pesynbraTi iMyHOrCTOXIMIYHOrO AOCHIAXEeHHS
BCTAHOBMEHO, WO KNiTHWM no3uTtuBHi Ha CK19, TTF-1,
Thyroglobulin, HeratveHi Ha SALL4, cuHanTogi3uH i
XPOMOTpaHiH (puc. 2, 3, 4).

BusHayeHun imyHoeHOTUN BUKMIOYAB NYXAUHY
3 KNITWH CTaTEBOrO TsXa, CTPyManbHUIA KapuyHOIg i
niaTBEpAKYBaB AiarHo3 naninsipHa kapuuHoma LuuTo-
noaibHOI 3amo3u, Lo BUHUKNA Ha GOOHI CTPYMM SevHMKa
(ICD-0 8260/3, MKX-10: C56).

Ockinbkn nauieHTka Npoxueana Ha TMYacoBO OKy-
navinHin TepuTOpii Ta BHACNIQOK BiiCbKOBUX il B YKpaiHi,
Hapani pekoMeHgauii BoHa oTpumyBana on line.

Bioomo, Lo MiCLIEBOMOLLIMPEHMI PELIMANB Y YEPEBHIN
MOPOXHWHI Y HET PO3BMHYBCS NPOTAroM 6 MicsuiB. XBopa
nomepna Bif NporpecyBaHHs 3MOSKICHOT NyXIMHK Yepes
1,5 poky nicns onepaTtMBHOTO BTPyYaHHs. Byab-gkoro
niKyBaHHs 3a Liei Yac XxBopa He oTpuMarna.

06roBopeHHA

HasBy «Tepatomay BnepLue 3actocysas Pynonbg Bipxos
y 1863 poui y BugaHHi «Die krankhaften Geschwiilste»
[4]. Y nepeknagi 3 rpeLpkoi «teras» 03Hayae MOHCTP.
Lien TepmiH NpogoBXyOTb BUKOPUCTOBYBATM BXe NOHaZ,
160 pokiB.

3pini KicTo3Hi TepaToMy Maiike 3aBxau € Aobpo-
AKICHAMM 3i LIBMAKICTIO 3pocTaHHa 1,8 MM Ha pik. Y
MOOAMHOKMX BUMaZKax Ui MyxJIMHWU MOXYTb 3a3HaBaTu
TpaHcgopmalyii.

[l0 3nosiKiCHUX MOHOZEPMAsIbHUX TEPaTOM SEYHMKa
Hanexatb HeBparbHi NyxJIMHKU, KapuuHoign Ta struma
ovaria. Struma ovaria rictonoriyHo npeacTaBneHa kap-
LIMHOMOIO, sIKa CXOKa Ha HOBOYTBOPEHHS, LLIO BUHWKAOTb
B eyTONIYHIN LUTOBUAHI 3a503i [5].

LLinToBMaHa 3anosa — nepLunii EHAOKPUHHWIA OpraH,
KU NOYMHAE PO3BMBATUCS 3 EHTOAEPMM Nif Yac emopi-
OHarnbHOro po3BuTKy nroAa [6]. Mix TpeTim i yeTBepTUM
recTauiiHiM TWXXHEM BOHa MIrpye 3 [ingHku 3a4atka B
MPUMITVBHIN KWL 4O NepeaHbOoi MOBEPXHI M. AKLWO
TUpeOigHa TKaHWHA He3aAaTHa OnyCTUTUCS Y CBOE KiH-
LieBe Miclie nepen Tpaxeet, opraH MOXe ONMUHWATUCS Y
Oyab-sKil AinsHUi NloacsKoro Tina. AHoMarnbsHa Mirpadis
3apOAKOBMX TUPEOIAHMX KMITWH NOB’A3aHa 3 MyTaLisiMm
NeBHWX reHiB i akTopis TpaHckpunuii (TITF-1, Nkx2-5,
Foxe1, TITF-2 ta PAX-8) [7].

EkToniyHa TkaHWHa LLMTOBMAHOI 321031 MOXe po3Ta-
LIOBYBATWCS B Tpaxei, NigHEBIHHNX MUrZanukax, pangyx-
Hit 060MOHLIi Oka, rinodisi, TMMYCi, HAAHVPKOBMX 3an03aX,
opraHax LUMyHKOBO-KWLLIKOBOTO TPAKTY Ta PEMPOAYKTUBHOT
cuctemu [8]. Struma ovaria € eKTONIYHOK nokanisawieto
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3pinoi TKaHWHW LWMTOBUAHOI 3a5103K, WO (PYHKLIOHYE, B
seyHukax. Brepwe us natonoria onucana y 1899 poui
R. Boettlin [9] Ta S. Gottschalk [10].

licTonoriyHo MyxmnuHa € TepaTtoMoto, NPOTe MOXYTb
6yTn BapiaHTV cepo3HMx abo MyLMHO3HUX LucTage-
HoM. po HasBHICTb struma ovaria MoxHa 3pobuTu
BWCHOBOK, SIKLLIO B NyXJIMHi € noHag 50 % TkaHUHW Wwu-
TOBMAHOI 3an03u. 30e6inbLUIOro HOBOYTBOPEHHS HE MaE
03HaK 3MOsKICHOCTI, Xo4a HaBiTb NMpu [OBPOsSKICHOMY
CTPYMO3i 3pini iMNNaHTaTW TUPEOIOHOT TKAHUHW iHOAI
MOLLMPIOIOTLCS MO BCil YEPEBHIN NOPOXHWHI. 3nosikicHe
YPaXXeHHs1 NpeAcTaBneHe naninspHot, GonikynsapHo0
ab0 3MilLaHO KapLMHOMO. ArpecumBHiLli deHoTMnu
BUSIBMSIOTb OYyXe piaKko. YpaXeHHs seyHuka 3a3suyan
0HOGIYHI, HanlyacTille BUSBMSIOTb YPAXKEHHS MiBOTO
A€YHMKA.

TkaHuHa struma ovaria MoXe BKII4aTh enemMeHTU
MYLIMHO3HOT LiMcTafeHoKapLMHOMY, NyxnuHy bpeHHepa,
KapuymHoig abo menaHomy. YacTo y nauieHTiB BUSIBMSOTb
KpUCTanu MOHOTIApaTy KarbLiito, LU0 BU3Ha4aloTb 5K cre-
LMiYHY 03HaKy NyXMWH TUPEOIAHOrO NOXOMKEHHS [11].

[iarHo3 niaTBepmIKYoTb 32 JOMOMOrOK iIMYHOrICTO-
ximiuHoro 3abapeneHHs Ha Thyroid Transcription Factor,
PAX-8, TupeornobyniH i CK19.

[MaTonoriyHi kpuTepil, LLO BUKOPUCTOBYIOTb AF1S ONUCY
KapuyHOMY LLMTOBMAOHOI 3aro3u, TakoX 3acTOCOBYHOTh
Ansa giarHoctuky struma ovaria maligna. [Jokasom 3no-
AKICHOTO xapaktepy NyXnuHU € MopdonorivHi 03HaKM
KNITUHHOI aTunii, rinepnnasia, saepHuiA noniMopdiam,
MITOTUYHA aKTUBHICTb, iHBa3isl B HABKOMWLLIHI CYAUHU Ta
kancyny sieqHvika. ManingapHuii Tun paky € Hannowwmpe-
Hilwmm. Struma ovaria maligna cnig BigpisHATY Big mMe-
TacTasiB y SEYHVK NEPBUHHOTO paKy LLMTOBWAHOI 3ar103u.

B okpemmx Bunagkax npo 3nosikicHiCTb MOXHa 3pobu-
T BUCHOBOK NMLLE KIiHIYHO, KOMNKW Yepes Kinbka MicsuiB
abo pokiB nicns BUAaNeHHs NyxiMHW BUHWKAE peLmnanB
4n 3'ABNATLCS BiaAaneHi remaToreHHi meracrasm Tu-
PE0IAHOrO paky.

3nosikicHa struma ovaria 3ymMOBmnoe HEOOXigHICTb
BUKOHaHHSI MOBHOI abaoMiHanbHoi ricTepekToMii 3 nim-
doamcekuieto.

Micna onepauii Ans cTagitoBaHHA 3aXBOPHOBAHHS,
MOLUYKy pe3nayanbHOi MyXIuHU Ta MOXIMBUX MiKpoMe-
TacTasiB Cnif 30i¥ICHATI CKaHyBaHHSA BCbOTO Tifa 3 pagjio-
aKTMBHUM ogom-131. Lle fae amory BCTaHOBUTH, Yv €
aKTVBHa TKaHWHa LMTOBUAHOI 3a5103K B AiNsHLI Manoro
Tasa, iHLWKMX BigAginax YepeBHOi MOPOXHUHYM, NiMaTy-
HWX By3nax i BigaaneHux BicLuepanbHux opraHax. Mepen
CKaHyBaHHSIM BUKOHYHOTb MOBHY TUPEOIAEKTOMIlO, iHaKLLe
pagioakTMBHWIA og Byae HakonmU4yBaTUCS TiNbKW B LLK-
TOBMAHIN 3an03i. AKLLO BUABMSIOTb 3aSIMLLKOBY NYXINHY,
BUKOHYHOTb TepaneBTUYHY pagioakTUBHy abnsuito 3 1-131
[12,13]. Taka TakTMKa OoOUINbHA Yepe3 BUCOKY YacToTy
peunamBiB TMPEOIAHONO PaKy SEYHUKIB, LLO BUHUKAE Y
50 % Bunagkis. HanyacTilue BUSBNSOTb BHYTPILLHbOYE-
PEBHI MeTacTasn, ypaxeHHs niereHb, KiCTOK i FoflOBHOrO
mo3ky [14,15,16].

Hagani MoHiTOpUHr nepeabayae aHani3u KpoBi Ha pi-
BeHb TUpeornobyniHy (Mapkep paky LWUTOBWUAHOT 3aro3u)
Ta TMPEOTPONHOTO rOPMOHA. [N MOHITOPUHTY MOXIMBMX
peuMamBiB UM MeTacTasiB perynsipHoO BUKOHYOTb Y3[,
KT yn MPT.
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Maiixe B yCix nauieHTiB 3 eKTOMIYHOO LUMTOBUOHOK
3a51030t0 OyAb-SKOi NoKani3avii, BKMOYa4n CTPyMO3Hi
MYXIIMHU SIEYHVIKIB, BU3HAYAKOTb CTaH rinoTMpeosy.

BBaxatoTb, L0 3nosikicHa struma ovaria € eguHo
MyXIIMHOIO, LLIO MOXE CUHTE3yBaTW EKTOMiYHI TUPEOiaHi
ropMoHu. Came Lie € 03HaKOK EHOOKPUHHOIO NapaHeo-
MNacTUYHOTO CUHAPOMY.

BioXiMiYHWIA CTaH TUPEOTOKCUKO3y BM3HA4aKOTb 3a
HU3bKUM PIBHEM TUPEOTPOMHOTO rOPMOHA, NiABULLEHUM
piBHEM BinbHOTO TUPOKCKHY (T4), TpnoATMPOHIHY (T3) Ta
TMpeornobyniHy. 38’830k xBopobu peliBca 3i cTpyMoto
SIEYHMKIB JOCI OCTATOMHO HE BCTaHOBMEHO. MoXnneo,
LIl CTaH MOXHa NOSICHATI CTUMYMOBArIbHUM BIIMBOM
CMPOBATKOBMX iIMyHOrMOBYIiHIB (@HTUTIN [0 peLenTtopa
TmpeotponiHy TRADb) Ha (byHKLUiO TUPEOIHMX KNITUH Y
SI€YHMKAX i LLMTOBUAHIN 3ano3i [17,18].

Omxe, arpecviBHe nikyBaHHS 3MosikicHoI struma ovaria
3 BUAANEHHAM MyXMWHW SIEYHKKA, MOBHOK TUPEOifek-
TOMigto, abnALieto 3an1LWKOBUX KIITUH padioakTUBHUM
040M i MiATPUMYBanbHOK Teparield JIEBOTUPOKCUHOM
€ CKNagHWM, ane onTyMarbHUM BapiaHTOM MiKyBaHHS.
Takoi [yMKW HUHI JOTpUMYHOTBCS BinbLUicTs AOCHIAHK-
kiB [19,20]. Btim, 3ayBaxumo, IO OKpeMi AOCHIOHUKM
BIZICTOIOKOTb AYMKY NPO JOLIMBHICTb 3aCTOCYBAHHS MEHLL
arpecviBHOIO MiAX0Zy, OCKINbKY BUCOKOAUGEPEHLNOBaHiI
MyXIUHKW, SKi NOXOASATb 3 TKAHWH LMTOBUAHOI 3amosu,
HayebTo, € MeHLL arpecuBHUMM, @ XxBopoba xapakTepu-
3yETbCS HU3BKUM PU3NKOM CMEPTHOCTI.

Halue cnoctepekeHHs 3 HeraTMBHUM BipZaneHnM
pe3ynsTaToM NikyBaHHS XBOPOI CBIAYMTb, LLO NMOBediHKa
paKy LMTOBMAHOI 321031 B AEYHUKY 3amnmLLaeTbes Hene-
penbavyBaHoOIo i He Kopentoe 3 MOPOMOorietd NyXMHW.
Lle niaTBepmKye AOUINBHICTb NpU3HaYeHHs BinbLu arpe-
CVBHOTO KOMOIHOBaHOrO nikyBaHHS XBOpKX Ha struma
ovaria maligna.

MoxnuBo, cTpatudikauis nayieHTiB 3a iHWUMK
KNiHIYHYMKM Ta MOMNEKYNAPHUMM hakTopamm pusmky [o-
nomoxe obpaTu onTumanbHy BigMoBigHy Tepaniio Ans
KOXXHOrO XBOPOro. Ha xanb, Tepanis Takvux nauieHTiB A0Ci
HEe CTaHOapTU30BaHa, OCKINMbKYM Yepe3 marny KinbKicTb
cnocTepexeHb GaraToLEHTPOBI KMiHIYHI SOCMIAKEHHS
He 37iNcHIoBanu.

[nsa Bu3HaYeHHs NikyBanbHOI TaKTUKM Yy XBOPUX Ha
3M105IKiCHY struma ovaria 060B’A3KOBUM 3anULLAETLCS
MYTBTUANCUMNNIHAPHUIA KOHCUAIYM i3 3a5Ty4eHHSIM OHKO-
noris, riHekonoris, Xipyprie, pagiotepanesTiB i (axisuiB
i3 NiKyBaHHs1 TMPEOIZHOrO paky.

BucHoBKU

1. MNaninspHuin pak WMTOBUOHOI 3251031 B SIEYHUKY
€ PIOKICHOW, ane MOXIUBOK MPUYUHOK MEPBUHHOTO
3MOSKICHOTO YPaXKEHHS NPUAATKIB MaTKu.

2. HasBHicTb struma ovaria maligna notpebye He
TiNbKY BUKOHAHHS XipypriYHOT LUTOpeyKTUMBHOI onepaLyii,
ane i nNpu3Ha4eHHst KOMGIHOBAHOTO NiKyBaHHS, sike OT-
PUMYIOTb XBOPI Ha BUCOKOAMMEPEHL,iioBaHi KapLMHOMK,
pO3TaLLOBaHi B €YTOMIYHIl LLMTOBUAHIN 3a1103i.

3. Micns rictepekTomii XBOPWUM CRif, BUKOHATY NOBHY
TUPEOIAEKTOMIIO, 3AINCHUTI CKaHYBaHHS BCbOrO Tina
3 noa-131, AKwo HeobxigHo, — pagionoriyHy abnsuijto
3aMULLKOBOI MyXMUHM.

Maronoris. Tom 21, Ne 3(62), BepeceHb — rpyaeHb 2024 p.

KAIHIYHMM BMNAAOK

4. Hapani nauieHT mae oTpumyBaTtn L-TUpPOKCHH,
nepioguyHo nomy Tpeba 3aiNCHIBATV MOHITOPUHT TU-
peornobyriHy.

MepcneKTMBY MOAAABLLUMX AOCAIMKEHb MONAraloTh Yy
BVBYEHHI TUPEOIAHOrO CTaTyCy XBOPMX Ha struma ovaria,
PiBHS @ayTOAHTUTIN Y HWX, @ TAKOX Y AOCHIMKEHHI Mexa-
Hi3MIB PO3BUTKY €HLOKPMHHOTO NapaHeonnacTUyHoro
CUHOpPOMY.

dinaHcyBaHHA

®iHaHcyBaHHS HayKkoBOI Pob0TH 3AIICHEHO 3aBAAKN MEAUYHOMY
OHKOAOTIYHOMY LIEHTPY «HOAiC» | BAAroAilHil opraHisaLlii GoHAy
«CBiT npotn paky» (EAPMNOY 44711449).

Moasku

ABTOPM BUCAOBAOOTH NOASAKY CMiBPO6ITHUKAM AabopaTtopii
OncolLab-Ulis 3a MOXAMBICTb KOPUCTYBATUCA NATOAOTIYHMM
apxiBOM i 38 BUKOHAHHS MOPPOAOTIYHMX, IMyHOTICTOXIMIYHMX
AOCAAXEHb.
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