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OpwuriHaAbHI AOCAIAXKEHHS

3aneXHiCTb NOKa3HUKIB AOKAAbHOI XXOPCTKOCTI 3araAbHUX COHHUX apTepiu
Y XBOPUX Ha rinepToHiuHy XBopoOy B NOEAHAHHI 3 LYyKPOBUM AiabeTom
2 TUNY BiA HAAABHOCTi aTEPOCKAEPOTUUHOI OAALLIKM B KApOTUAHOMY OaceuHi

B. B. CuBonan®@*BEF A, Q. BoryH®*BCP

3anopi3bknii AepxaBHWUI MeAUKO-GapMaLeBTUYHUI 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

Merta po60Ty - OLiHUTY BNNWB HasiBHOT aTepocknepoTuyHoi 6nawwky (ACB) Ha nokanbHY CyAMHHY XOPCTKICTb 3aranbHX COHHUX
apTepiit (3arCA) y navjeHTis i3 rinepToHiuHoto xsopoboto (MX) Il cTagii, Wwo noegHaHa 3 Luykpoeum giabetom (LUI) 2 Tvny.

Marepianv i metopu. Obctexunm 37 nauiexTis i3 MX 1| ctagii a LI 2 Tuny, cepepHiri Bik— 60,4 + 10,7 poky, 66,7 % Yonosikie. XBopux
noginunm Ha agi rpynu: 3 ACB 3i cteHo3om <50 % y kapotuaHomy BaceiiHi — 20 oci6; 6e3 ACB — 17 oci6. JocnimpxeHHs nepenbadano
KNiHIYHWIA Ornsg, 3BaXYBaHHS 3 BU3HAYEHHSM BILCOTKA XXMPOBOI TKaHWHM, aHania nabopaTtopHWX NOKa3HWKIB NinigHoOro Ta Byrne-
BOZAHOrO 06MiHy, MPoBeAEHHs exokapaiorpadii, ynsTpassykoBoro focnimpxeHHs 3arCA 3i BCTaHOBNEHHSIM NOKA3HWKIB NoKamnbHOI
JKOPCTKOCTI, TOBLUWHW KOMMIEKCY iHTUMa-Mefia. BUKOHAHO CTAaTUCTUYHUIA aHani3, BipOriaHICTb BiAMiHHOCTEN — Ha piBHi p < 0,05.

PesyabTatn. Bifcotok 3aranbHoi xmpoBoi TkaHuHn <39,51 % 36inbluye BigHoweHHs wanciB (BLU) HaseHocTi ACB BLuecTepo
(p = 0,02), a nepesuLLEHHS KoedilieHTa noaaTimeocTi noHag 0,68 Mm?kMa —y 12,7 pasa (p = 0,02), NOTOBLUEHHS KOMMEKCY
iHTMMa-megia npasoi 3arCA noHap 639 um — B 1,012 pasa (p = 0,001). ®akTopy 3Ha4HO NOCKAIOKOTL BNIMB OAUH 0AHOTO B Bara-
TOHaKTOPHI MoZeni Ta He 3anexatb Bif Biky, CTaTi, iIHAEKCY MacK Tina, piBHS rikoBaHOrO reMornobiHy. Po3LuMpeHHs BUCXiAHOT
aopTv noHag 3,34 cm 36inbwye BLU HaseHocTi ACB B 11,6 pasa (p = 0,012), BnnvB dhaktopa NOCUIOETLCS NPU 3anyyeHHi 1o
MOZENi NPOrHO3y 3aranbHoro XonecTepuHy noHag >6,35 mmons/n (p = 0,036), He 3anexuTs Big cTaTi Ta Biky. 36inbLUeHHS AiameTpa
3arCA nonag 8,59 mm 3nia (p = 0,019) Ta noHag 8,1 mm cnpasa (p < 0,001) 36inbLuye BL HassHocTi ACB B 3,7 (p = 0,001) Ta
6,6 pasa (p =0,001) BignosigHo. Bnnue Lboro chaktopa nocuitoeTbCst Npu AoAaBaHHi NABULLEHOTO PiBHA 3aranibHOr0 XONecTepuHy
noxag, >6,35 mmons/n (p = 0,031) i TakoX He 3anexuTb Bif CTaTi Ta Biky.

BucHoBku. B oci6 i3 X Il cagii Ta cynyTHim LU 2 Tuny HasiBHICTb cTeHO3yto4oro (MeHLLe Hix 50 %) ypaxeHHs 3arCA acouitoeTb-
€S 3 JOCTOBIPHUM 3MEHLLEHHSIM BIfCOTKA KUPOBOI TKaHUHY, 30inblueHHsM diameTtpis 3arCA i BUCXIZHOI aopTW, NiABULLEHHAM
KoedillieHTa NogaTIMBOCTI BiflbHOI Bif aTEPOMU CTiHKM.

KatouoBi croBa:
LyKpOBUIA piaber,
rinepToHiuHa
xBopoba, XOpPCTKICTb
CYAVHHOI CTiHKM,
aTepoCKAEPOTUYHA
bAdLLKa.
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Dependency between local carotid arterial stiffness and the presence of atherosclerotic
plaque in the carotid basin in hypertensive patients with type 2 diabetes mellitus

V. V. Syvolap, A. 0. Bohun

Aim. To assess the impact of atherosclerotic plaque (ASP) on the local arterial stiffness of the common carotid arteries (CCA) in
patients with stage Il hypertension (HTN) in combination with type 2 diabetes mellitus (T2DM).

Materials and methods. The study included 37 patients with stage I HTN and T2DM (mean age 60.4 + 10.7; 66.7 % male). Patients
were divided into two groups: 20 individuals with ASP and <50 % stenosis in the carotid basin, 17 without ASP. The study involved
a clinical examination, body weight and percentage of adipose tissue (AT) measurements, analysis of lipid and carbohydrate
metabolism laboratory parameters, echocardiography, CCA ultrasound examination with the determination of local stiffness and
intima-media complex thickness (IMT). Statistical analysis was performed, significant differences were considered at p < 0.05.

Results. The whole-body AT percentage <39.51 % increases the odds ratio (OR) of ASP by 6 times (p = 0.02), an exceeding com-
pliance coefficient (CC) over 0.68 mm?/kPa — by 12.7 times (p = 0.02), right CCA-IMT of over 639 uym - by 1.012 times (p = 0.001),
and the factors are mutually reinforcing in the multivariate models and independent of age, sex, body mass index, and glycated
hemoglobin level. Ascending aorta dilatation of over 3.34 ¢cm increases the OR of ASP by 11.6 times (p = 0.0107); the factor is
enhanced after adjusting for elevated total cholesterol levels over >6.35 mmol/l (p = 0.036) and independent of age and sex. A
greater left CCA diameter of more than 8.59 mm (p < 0.019) and right CCA diameter of more than 8.1 mm (p < 0.0001) increases
the OR of ASP by 3.7 times (p = 0.001) and 6.6 times (p = 0.0013), respectively, the factor influence increases after adjusting for
elevated total cholesterol levels over >6.35 mmol/l (p = 0.031) and it is also unaffected by age and sex.

Conclusions. In individuals with stage Il HTN and T2DM, the presence of CA atherosclerosis with stenosis up to 50 % is associated
with a significantly increased CCA and ascending aorta diameter, a decreased percentage of AT, and an increased compliance
coefficient of plaque-free wall segments.

noLumMpeHicTb fiabety cepen nopocnux craHosuna 9,3 %.
Yepes CTapiHHA HaceneHHsl Ta He3mOPOBUIA CMOCID KUTTS
3aXBOPIOBAHICTb Ha LI npofoBXye 3pocTati B yCHOMY CBIT
11, 3a nporHo3amu, Ao 2045 poky gocsrHe 10,9 % [1].

Llykposuit piabet (L) 2 Tuny e cknagHoto rmobanbHo
npobnemoo rpOMafCbKOro 30pPOB'S, XapaKTepuayeTbes
BVCOKOH 3aXBOPHOBAHICTIO Ta piBHEM iHBanigm3aLlii. 3a ouiH-
kamu BcecBiTHBOI opraHisaLlii oxopoHy 300pos’s, y 2019 poui
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lnepToHiyHa xBopoba (IX) Ta giaber yacTto € Ko-
mopbigHuMu cTaHamu. Lli 3axBoproBaHHSA MakoTh CRinbHi
€TIONOriYHi acneKTU, IK-0T OXUPIHHA, 3ananeHHs!, OKUCHIO-
BanbHWUI CTPEC, PE3NCTEHTHICTb [0 IHCYIiHY, @ TaKoX dak-
TOPY, MOB’A3aHi 3i 30iNbLLIEHHAM MIKPO- Ta MaKpOCYANHHUX
nopyweHb [2]. [locnigxeHHs nokasanu, Lo nauieHTy
3 TiNEpTOHIE0 MaloTb BULLWIA pU3NK PO3BUTKY AiabeTy,
Hi>X Cy6’eKTW 3 HOpMasrbHUM apTepianbHAM TUckoMm [3];
NiATBEPAKEHO TaKOX 3HAYYLLICTb NiABULLEHOT XOPCTKO-
CTi apTepin Sk NpeauKTopa po3suTKy Aiabety 2 Tuny [4].
Y Hu3Ui AocnimKeHb NokasaHo 30iMbLUEHHS! XKOPCTKOCTI
apTepiit y nauiexTis i3 LU 2 Tuny, Wwo moxe 6yTv ogHMM i3
BaXNMBUX MeXaHi3MiB 38’3y AiabeTy 3 3apeecTpoBaHuM
MiABULLEHHSAM PU3NKY CepLieBO-CYANHHUX 3aXBOPHOBaHb
[3]. Mpu uboMy purigHicTb apTepin Yepes npo3ananbHe
cepeoByLLE B CYAUHHIN CTiHUi Ta Ait0 NigBULLEHOTO
apTepianbHOro TUCKY Bidirpae NpoBiAHy Porib Y PO3BUTKY
CepLeBoi HeooCTaTHOCTI, B TOMY Yuchi 3i 36epexeHot0
dpakujieto BUKMAY, a MiABULLEHI 3HAYEHHS LLIBUAKOCTI NyIb-
COBOI XBWNi NOB'AA3aHi 3i 30iNbLLEHHSM CMEPTHOCTI Bif yCiX
MPWYUH | CMEPTHOCTI Bif, CEpLEBO-CYANHHINX 3aXBOPOBAHb
y Takux naujeHTis [5].

BinbLwicTb gocnigkeHb, A€ BUBYANN XOPCTKICTb apTe-
piit y XBOPWX Ha LIyKpOBWiA fiabeT 2 Tvny, I'pyHTyBanuCh Ha
[OCTIiIKEeHHi KapoTUAHO-(heMoparnbHOI LLBUAKOCTI NMyrbCo-
BOI XBWSTi, BU3HAYEHHI )KOPCTKOCTI NepundepryiHmX apTepin.
BTiMm, i METOAMKM HE € NOLUMPEHUMM B pearbHil KNiHiYHIN
npakTmui. OUiHIOBaHHS KapOTUAHWX YNbTPa3ByKOBKX Na-
pameTpiB Noka3ano CBOK 3HAYYLWiCTb K HeiHBa3WBHUN
MEeTOL PaHHbOrO BUSIBIMEHHS BigJaneHWX YCKNaAHeHb
niabety [6], a BU3HA4YeHHs NapaMeTpiB NIOKanbHOI Xop-
CTKOCTi 3 BAKOPUCTAHHSAM Cy4aCHUX METOAMK aHani3y Moxe
CTaTh YaCTUHOK PYTUHHOTO AOCHIAKEHHS COHHIX apTepin
3aBASKW LUBUAKOCTI @Haniay, BUCOKI TOYHOCTi Ta HU3bKil
ornepaTop-3anexHocTi (BHACMigoK HaniBaBTOMaTUYHOIO
BUMIpIOBaHHS). HegoCTaTHbO BUBYEHUM 3anMLIAETHLCS
3B'A30K MOKA3HWKIB MPYKHO-ENACTUYHUX BMACTUBOCTEN
COHHUX apTepili y nauieHTiB i3 komopbigHo natonorieo
(LA 2 tvny Ta TX) 3i cTEHO3y04MM atepoCcKnepoTUYHUM
YPaXEHHAM KapoTuaHoro GaceliHy.

MeTa po6otu

OuiH1TK BNNMB HasiBHOI aTepoCKnepoTUYHOI OnsWKK Ha
noKarbHY CyaAVHHY XOPCTKICTb 3aranbHX COHHNX apTepiit y
naLjieHTiB 3 rinepToHIYHO XxBOpo6oto Il cTagii, LWo noeaHaHa
3 LlyKpoBUM fijiabeTom 2 Tuny.

Marepianu i MeToAH AOCAIAKEHHA

O6ctexunu 37 nauieHTis i3 rinepToriyHoto xsopoboto I
cragii B noegHanHi 3 LU 2 tvny. Bik xsopux — Big 37 go
77 pokis (cepeHin Bik — 60,4 + 10,7 poky); 66,7 % 4onosi-
kiB. MavjenTn nepebyBanu Ha CTaLiOHapPHOMY NiKyBaHHi B
kapaionoriyHomy BiggineHHi KHIM «Micbka nikapHs Ne 6»
3MP (M. 3anopixxs).

Kputepii sanyyenns — | ctagis X, Bu3HadeHa 3a Hasie-
HICTH0 ypaXKeHHS1 OpraHiB, OnocepeKoOBaHOrO rinepTeH3sIEo
(BianoBigHO A0 KNiHiYHMX pekomeHaauin MixHapogHoro
TOBapuCTBa rinepToHii (ISH) wono MeHemKMEHTY navieH-
TiB 3 apTepianbHoto rinepteHsieto, 2020); giarHOCTOBaHNIA
LA 2 tuny (3rigHo 3 pekomeHaauismu European Society
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of Cardiology (ESC) Lono nikyBaHHs cepLeBo-CyANHHUX
3axBOpOBaHb Yy NauieHTiB 3 aiabetom, 2023); HasBHICTb
nignucaHoi fO6POBINBHOT 3rogn Ha y4yacTb y KNiHIYHOMY
pocnimkeHHi. Kputepii BUKIIOYEHHS — BiACYTHICTb 3roau
Ha y4acTb; BKa3iBKM B aHaMHE3i Ha NepPeHeCceHUN iHCYmbT,
iHpapKT, OHKOMOriYHi 3aXBOPIOBAHHS; CUMMNTOMATUYHA
apTepianbHa rinepTeHais, iemiyHa xBopoba cepus; Tshkka
komopbigHa maTtornorisi, Wo CynpoBOMKYETLCS OpraHHOK
He0CTaTHICTIO; BariTHICTb.

BpaxoBytoun HasiBHICTb aTepOCKNEPOTUYHOI BRsiLLKM
(ACB) y kapoTugHomy BGaceliHi, XBopux NOZINuIM Ha
2 rpynu: y | rpyny (17 oci6) sanyunnu nauieHTiB 6e3 cTe-
HO3YKHYOr0 aTepoCKNEePOTUYHOMO ypaxeHHs; y Il rpyny
(20 oci6) —ocib 3 ACB i3 cteHo3om [0 50 %. ['pynu 3icTaBHi
33 CTaTTIO Ta BIKOM MaLliEHTIB.

Exokapaiorpadito (ExoKI) Ta gocnimkeHHs COHHMX
apTepil BUKoHanu Ha anapari Esaote MyLab Eight (ITanis)
3a JONOMOTOI0 MiHINHOrO AaT4MKa 3 BUKOPUCTaHHSAM TEXHO-
niorin aHanizy pagiodactotHoro curHany RF-QIMT, RF-QAS
3a ycTaneH1My npasunamu, BignoBigHO 10 KOHCEHCYCHOTO
AokymeHTa Big 2012 poky, Mannheim Carotid Intima-Media
Thickness and Plaque Consensus (2004-2006-2011).
Brswikoto BBaXanu ocepeakoBy CTPYKTYpY, LLO BUCTYNae
B MPOCBIT apTepii WoHanmeHwe Ha 0,5 mm abo Ha 50 %
Bif, HABKOMWLLHBOTO 3HA4YEHHS! TOBLUWMHW KOMMIEKCY iHTU-
ma-megia (KIM), abo mae ToBLUMHY >1,5 MM (3HauYeHHs
BiZl MeXi NpOCBIT-iHTMMa 00 Mexi Media-anBeHTuLis).
HanisaBTomatyHe nporpamHe 3abe3neyeHHs aano amory
TOYHO BUMIpATY TOBLUMHY KIM Ha Bigpi3Ky CTiHKV 3aBOOBXKM
10 MM, reHepyr4m ycepeaHeHe, CTaHAaPTU30BaHE 3HaYeH-
Ha (SD <20) - QIMT, pm.

OuiHloBanu Taki NoKasHUKN MPYKHO-ENacTUYHMX
BMaCTUBOCTEN 3aranbHuXx CoHHUX apTepint (3arCA): niametp
apTepii B giactony — D, MM; po3TspkHicTb — AD; koediLlieHT
poatspkHocTi — DC, 1/kPa; koediuieHT nogatnmeocti — CC,
MMm2/kIMa; IHBEKC XOPCTKOCTI a, 6E3PO3MIPHUIA; IHAEKC Op-
CTKOCTi {3, 6€3P03MipHWIA; NTOKanbHy LUBMUAKICTb MyNbCOBOT
xBuni — PWV, m/c; Tuck ayrmentauii — AP, mmHg; iHaekc
ayrmeHTauii — Aix.

ExoKI™ BukoHanwu BignoBigHO A0 NPaKTUYHKUX Peko-
MeHpaauin Acoujaii cepLeBO-CyanMHHMX XipypriB YkpaiHu
Ta YkpaiHcbkoro ToBapuctaa kapaionoris (2020), peko-
MeHZaLi 3 KinbKICHOro exokapaiorpadiyHOro OLHIOBaHHS
MOPOXHWH Cepus Y Aopocnux E€Bponelicbkoi acouiauii
CepLeBo-CyaNHHOI Bidyanisayii Ta AMeprkaHCLKOro ToBa-
puvicTea exokapgiorpadii (EACVI/ASE, 2015). AHanisyBanu
Taki napameTpu: giametp BucxigHoi aoptn (AO), iHaeke
o6’emy nieoro nepencepas (1M), TOBLMHY MIKLLYHOYKO-
Boi nepeTuHkm (ML) Ta 3agHbOI CTiHKM NIBOTO LWyHOYKA
(3C L), inpekce kiHueBo-giacTonivHoro o6’emy J1LU (iIKOO),
iHOeKC macy miokapaa niBoro wnyHouka (iIMMIIL), wo
obumcnenmin 3a hopmynoto, pekomeHzgosaHot ASE, Bia-
HOCHY TOBLLUMHY cTiHkn (BTC), dpakuito Bukmpy I ($B
JILW). OuiHtoBanu Takox NokasHUKK TKaHUHHOTO Jonnepa:
€'med — paHHt0 AiacTorivHy LBMAKICTb MeaianbHOI YacTUHN
¢hibpoaHoro kinbus MiTpansHoro knanaa (PK MK); e'lat —
paHHI0 AiacToNivHy LWBWAKICTb naTepanbHol YacTuHu OK
MK; E/e’cp — BigHOLIEHHSI paHHBLOT LUBUAKOCTI MITPAbHOMO
TOKY [0 €' CepefHbOro; CUCT. TUCK JIA — cucToniYHNIA TUCK
y nereHesiii apTepii. BuB4anm aaHi Woao knanaHHux auc-
(pyHKLiA, 3BIT LLOAO NIOLLi NOBEPXHI Tina nauieHTa, iHaekcy
macu Tina (IMT).
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OpwuriHaAbHI AOCAIAXKEHHS

3a wkanoto SCORE2-Diabetes (3 BukopucTaHHaM
odiuiHoro pogatky ESC) ouiHtoBanu 10-piyHuin pusmk
cepLeBo-CyanHHMX nogii. IMT obumcnunm 3a hopmynoto:
IMT = maca Tina (kr) / 3pict? (cm). O6Big Tanii, BigcoToK
XMPOBOI TKAHWHW BU3HAYMIK, BUKOPUCTABLUM MOHITOP
KntovoBwmx napameTpis Tina Omron BF 212. Bueyanu Takox
nabopaTopHi NOKa3HWKK: PiBHI THOKO3M (MMOIL/M) Ta iHeyri-
Hy (MkMO/mn), ingekc HOMA-IR, piBHi rnikoBaHoro remor-
nobiny (HbA1c), 3aranbHoro xonectepuHy (3X, Mmonb/n),
ninonporteigis HU3bkoi wWinsHocTi (JIMHLL, mmonb/n),
ninonporteigis BUcokoi LwinbHocTi (JINBLL, Mmonb/n), Tpurmi-
uepwgis (T, Mmmonb/n), kKpeaTuHiHy (MMOIb/N); LWBWAKICTL
kny604KkoBOi (inbTpaLlii poapaxoBaHa 3a opmynoto EPI
(LLIKD, mn/xs/1,73 m?).

KniHiyHe JocnifxeHHs! BUKOHANM BignoBigHO A0 MO-
panbHO-eTUYHUX HOpPM GioeTUKM, 3rigHo 3 npaeunamm ICH/
GCP, KonBeHuii Pagu €sponu 3 npas nioguHy i biomeau-
UmHK (1997), unHHOTO 3aKoHOAABCTBA YKpaiHu

CTaTUCTUYHMIA aHani3 BUKOHaHO 3@ A0MOMOrOH0 Mporpam
Statistica for Windows 13.0 (StatSoft Inc., CLUA; niueHsis Ne
JPZ8041382130ARCN10-J) i MedCalc.10.2.0.0. Kinbkici
BENWNYMHN HABEAEHO K cepenHe apudmetnyHe (M) Ta cTan-
AapTHe BigxuneHHst (SD); skiCHi noka3HNKu — ik abContoTHY
yactoty, n (%). [ns BU3HaYeHHs MeToay aHaniay KinbKicHi
MOKa3HWK1 NEPEBIPUNM Ha HOPMarbHICTb PO3MOAINY, BUKO-
pucTtaBLum kpuTtepin LLanipo-Binka, 3a AkAM Npu 3Ha4eHHiI
p < 0,05 BM3Ha4anu po3nogin, Lo Biapi3HAETLCS Big HOp-
ManbHOro. Pi3HWLIO KinbKiCHX MOKa3HMKIB Y rpymax Aocni-
[PKEHHS BU3HaYarn1 MeToA0M HemnapaMeTPHUYHOI CTaTUCTUKN
[NS AaHVX i3 PO3MOAINoM, LLO BiAPI3HSBCS Big HOPManbHOro,
BuKopwucToBytoun kputepin Mann-Whitney U test; ans ga-
HUX i3 HOpMarbHM Po3noginoM — t-kputepi CTelogeHTa.
KopensuiiHmii aHani3 KinbKiCHWX MOKa3HUKIB BUKOHAMNW,
3aCTOCYyBaBLUM NapameTpu JocToipHocTi CnipmeHa ans
[aHuX i3 po3nogiriom, Lo Bigpi3HABCS Big HOPMarbHOro, Ta
KopensuiiHmiA aHania MipcoHa Ans NokasHWKIB i3 Hopmanb-
HM TUNOM po3noAiny. [Ans BUSBNEHHS ONTUMAnbHOT TOUKM
pO3roziny KirbKiCHUX 03HaK (ONTUMAnbHOrO CMIBBIAHOLLEHHS
YyTnMBOCTI Ta cneuudivHocTi) BrukoHanu ROC-aHania i3
no6y0BOK XapaKTEPUCTYHOI KPMBOI. [1rsi OLiHIOBAHHS aco-
LiaLlii MOKa3HWKIB XKOPCTKOCTi CYAMHHOI CTiHKM 3 aTEPOMOL0 B
KapoTuaHOMY 6aceliHi BUKOpUCTan NOTCTU4HWIA perpecii-
HWIN aHani3 3 NobyA0BOI0 YHIBapiaHTHWX | MyNbTUBAPIAHTHIX
mogernen nporHoay. [laHi HaBedeHo SK BiHOLIEHHS LaHCIB
(BLL) Ta posipui intepsany (I). BigmiHHoCTi BBaXanu Bipo-
rigHmmn npy p < 0,05.

Pe3yabTati

3-nomix 37 XBOpUX Ha riNepTOHIYHY XBOPOOY Y MOEAHAHHI i3
LIA 2 Tuny 20 obeTtexennx (54 %) manu atepocknepoTiy-
He YpaXXeHHs COHHUX apTepii — atTepomy, L0 NepekpuBae
<50 % npocgity cyanHn. OCHOBHI AemorpadiyHi, aHTpo-
NoMeTpUYHi, NabopaTopHi XapaKkTepUCTHKN XBOPUX, SKMX
MOAINWAM Ha rPyNK 3anexHO Bif HABHOCTI aTepoCcKnepo-
TUYHOT GNALLIKM B COHHMX apTepisix, HaBeaeHi B mabuuj 1.
lpynw NOPIBHAHHS He BiApI3HANMUCA 3a BikoM navjeHTis, IMT
Ta OCHOBHVMW NabopaTopHUMK AaHUMK. [avieHTw i3 rpynu
3 aTepomoto Manm Ha 17,7 % MeHLUMI BiACOTOK XMPOBOT
TKaHUHM B opraHiami (35,3+8,8vs 42,9+8,9,p=0,012), 3a
nokasHukamu o6sogy Tanii, macw Tina Ta IMT gocToBipHa
pi3HMLS He 3adpikcoBaHa.
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Tabauus 1. 3aranbHa xapakTepucTuka XBOpUX Ha rinepToHiuHy xBopoby Il cTapii
B rpynax, BU3Ha4eHx 3a kputepiem HasiBHOCTi ACB y kapoTuaHomy BaceitHi

Moka3sHuK, Maujentu 3 MX i LA Ge3 ka- | Mauientu 3 IX i LA 3 kapo-
OJMHULIi BUMIPIOBaHHA | pOTMAHOI aTepomm, n = 17 | TUOHOIO aTepomolo, n = 20

AHTPONOMETPHUHI NOKAZHUKN

Bik, poku 59,9+ 11,7 60,8+ 10,1
3pict, cm 170,0 [165,0; 172,0] 174,5[166,5; 178,5]
Maca Tina, kr 90,0 [85,0; 108,8] 93,5 [83,5; 105,5]
IMT, kr/m? 33,7[30,9; 37,8] 30,9[28,8; 35,2]
0O6Big Tanii, cm 108,7 £12,2 104,7 £8,3
Xuposa TkaHuHa, % 429489 353+8,8

Bban SCORE 28,1124 21,3+ 11,7
NabopaTopHi NnokazHUKK

[mioko3a, MMonb/n 10,2+ 3,2 96124
IHcyniH, MkMO/mn 21,772 24,2+133
IHoekc HOMA-IR 98+4,0 97+7,0
HbA1c, % 8019 79+19

3X, Mmonb/n 48+16 6,1+2,1
JINHLL, mmonb/n 26+13 35+16
JINBLL, Mmmons/n 1,41[1,3;1,5] 1,5[1,4;1,7]
TI, Mmonb/n 2,1[1,6; 2,5] 1,8[1,6; 2,5]
KpeatuHiH, Mmonb/n 0,097 £ 0,020 0,111 £ 0,030
LLUK®, mn/xs/1,73 m? 67,3£19,2 62,9+ 14,5
OcHoBHI exokapaiorpadiuni nokasHUKK

Ao, M 32+0,3 36104

iofln 34,0277 34,3+10,3
ikao 65,0 [57,0; 68,0] 56,5 [50,0; 67,5]
®B, % 60,0 [55,0; 62,0] 61,0 [56,5; 65,5]
MLLM, cm 1,18 [1,05; 1,22] 1,20 [1,08; 1,29]
3C NI, cm 1,02[0,95; 1,04] 1,080,94; 1,14]
BTC N 0,44 [0,39; 0,44] 0,44 [0,39; 0,48]
iIMMINLL, r/m2 112,3+£29,5 118,8 £29,7
Cwucr. Tuek IA, mmHg 249+59 229162

E/A 0,80+ 0,26 0,78+ 0,26
e'med, cm/c 8427 6,8+24

e'lat, cm/c 8,0[6,0;9,0] 8,0[6,0;9,0]
E\Ea cp. 531[5,0;7,7] 6,1[5,1;7,7]
H2FPEF, 6an 3,0[3,0;4,0] 4,0[2,5;4,0]
OCHOBHI NOKa3HWKM XXopcTKocTi Ta ToBwMHK KIM 3arCA

QIMT 3niga, um 680,5 + 107,7 783,1+£149,5
QIMT cnpaga, pm 602,0 + 66,0 733,99+ 1449
AD, pm 268,0 [167,0; 299,0] 287,0[184,0; 338,5]
D, mm 7,75[7,29;7,97] 8,59 [7,98; 9,25]
DC, 1/kPa 0,01[0,01; 0,02] 0,01[0,01; 0,02]
CC, mm?/kla 0,55[0,31; 0,67] 0,75 [0,54; 0,94]
o, 6e3poamipHmii 6,19[3,88; 12,71] 5,93 [4,32;7,89]
B8, 6e3po3mipHUiA 12,59 [7,97; 25,67] 12,02 [8,84; 15,99]
PWV, mic 8,99 [7,56, 12,45] 8,40 [7,46; 9,87]

0,934
0,111
0,663
0,210
0,242
0,012
0,911

0,542
0,651
0,961
0,942
0,101
0,133
0,122
0,972
0,151
0,480

0,014
0,932
0,151
0,400
0,481
0,391
0,333
0,510
0,241
0,411
0,061
0,923
0,524
0,990

0,040
<0,001
0,392
<0,001
0,701
0,010
0,471
0,470
0,412

[aHi chopMoBaHo 3 BNaCHUX CNoCTepekeHb; HaBeAeHo cepeHi 3HaueHHs + SD (CTaHaapTHe BigXvneHHs)

IS KiNbKICHUX NOKa3HWKIB.

[pynu QOCRIgXEHHS He PO3pPi3HANUCA 3a HU3KOK
exokapgiorpadiyHux NoKasHMKIB: CUCTOSIYHOK Ta AiacTo-
NiYHOHO CPYHKLIEHD, TOBLLIMHOKO CTIHOK i pO3MipamMm NOPOXHUH
cepust. [Mpote AiameTp BUCXIBHOT a0pTH B rpyni NaLjieHTis 3
aTepoCKNepoTUYHO BNALLKOIO B COHHMX apTepiax Ha 11 %

Ginblumn (3,6 £ 0,4 vs 3,2+ 0,3, p=0,014).

lMopiBHABLUM NpyXHO-enacTuyHi BnactmeocTi 3arCA

BCTAHOBWIM, WO B rPyMi mauieHTiB 3 KapoTUAHOW are-
pomoto Bymu BuLLi nokasHuku ToBLmHM KIM (3niBa — Ha
13 % (783,1 £ 149,5 vs 680,5 £+ 107,7, p = 0,04), cnpasa
—Ha 17,8 % (733,9 + 144,9 vs 602,0 + 66,0, p = < 0,001);
6inbwwit giametp 3arCA —Ha 9,8 % (7,75 [7,29; 7,97] mm
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Tabauua 2. ToukM po3noginy nokasHWKie, L0 acoLlilooTbest 3 HasiBHICTIo ACH
y 3aranbHWX COHHUX apTepisix (3a gaHnmu ROC-aHaniay) y xsopux Ha X |l cTagii
B noeaHaHHi 3 L 2 Tuny

Moka3HUK, oAuHULI Kputepin YyTtnusictb CneuudiyHictb
BMMipHOBaHHSA

06 Tanii, cm

3X, Mmonb/n
Xuposa TkaHuHa, %
QIMT 3niBa, ym

D 3nisa, Mm

QIMT cnpasa, ym

D cnpaBa, Mm

Ao, cm

CC, mm¥kMa

<106 75,0 % 751 % 0,070
>6,35 50,0 % 90,7 % 0,090
<39,5 65,0 % 75,3 % 0,042
>756 45,0 % 86,8 % 0,002
>8,59 50,0 % 100,0 % 0,019
>639 70,0 % 80,0 % <0,001
>8,1 68,4 % 78,4 % <0,001
>3,34 70,0 % 69,0 % 0,006
>0,68 63,3 % 85,5 % 0,009

[laHi cdhopmoBaHo 3 BNacHx crnoctepexeHb. HaBeaeHo nokasHuki 3a KpUTepismmn posmnoginy,
3HAYEHHS YyTMMBOCTI Ta CNEeLMIYHOCTI, PiBHI JOCTOBIPHOCTI.

Tabauusa 3. YHiBapiaHTHi Mogeni 3anexHOCTi AOCRIMKEHNX NapaMeTpiB Bif HASIBHOCTI
ACB kapotuaHoro 6acelHy y xsopux Ha X |l ctagii B noegHaHHi 3 L[ 2 tuny
(pe3ynbraTy NoricTUMHOTO aHani3y)

Moka3HMK, oauHULI BigHowWweHHs WwaHciB 95% Al
BUMipIOBaHHA

Q06 Tanii, cm

3X, Mmonb/n
Xvposa TkaHuHa, %
QIMT 3niBa, um

D 3nisa, Mm

QIMT cnpasa, ym

D cnpaBa, MM

Ao, ctm

CC, mm¥kMa

0,960 0,896-1,028 0,227
1,485 0,932-2,363 0,075
6,036 1,417-25,710 0,015
1,007 1,0003-1,013 0,018
3,686 1,079-12,594 0,010
1,012 1,003-1,020 0,001
6,596 1,603-27,135 0,001
11,559 1,393-95,919 0,012
12,569 1,075-147,046 0,024

[aHi cchopMoBaHo 3 BnacHMUX cnoctepesxeHb. HaBeaeHO NokasHWKM BiAHOLLEHHS LWaHCIB, 95 %
[I0BipYWiA iHTEpBan i piBeHb JOCTOBIPHOCTI.

vs 8,59 [7,98; 9,25] mm, p < 0,001); GinbLuniA NOKa3HMK
nogatnueocTi CC — Ha 26,7 % (0,55 [0,31; 0,67] mm?/ka
vs 0,75 [0,54; 0,94] mm?/kMa, p = 0,010). [HWi nokasHukw
KOPCTKOCTI He Manu BiporifHMX BiAMIHHOCTE y XBOPWX Ha
X i L[ 3 kapotuaHoto atepomoto Ta 6e3 Hel.

[ns nowyky TOYKM po3noginy NoKasHWKIB, siki Manm
[OCTOBIpHI BIMIHHOCTI B rpynax MOPIBHSHHSA, 3anexHo
Bif, HasBHocTi bnsAwkn B 3arCA, BukoHanu ROC-aHanis.
BcTaHoBWAM BIporigHi 3HA4YEHHS NS BENWUYWH TOBLLUMHN
KIM, piametpa 3arCA, piameTpa BUCXiOHOI aopTy, koe-
(iuieHTa NoaaTNMBOCTI Ta BiACOTKA XMUPOBOI TKAHUHU B
opraHiami (mabn. 2). Ak rpaHnyHuiA piseHb ToBLWMHM KIM
niBOi COHHOI apTepii B rpyni NauieHTiB 3 aTepocknepo-
TUYHOK BNALLKOK BU3HAYEHO BENUYMHY NOHag 756 um
(wytnumeicTb 45,0 %, cneuundiuHictb 86,8 %, p < 0,002),
npaBoi COHHOI apTepii — noHag 639 um (4yTnuBiCcTb
70,0 %, cneumdivnictb 80,0 %, p < 0,001). Ans giameTpa
nisoi 3arCA Toyka po3noginy ctaHoBuna noHag 8,59 mm
(wyTrmBicTb 50,0 %, cneumdiynicts 100,0 %, p < 0,019),
npaBsoi 3arCA — noHap 8,1 mm (4ytnmBicts 68,4 %, cne-
umndivHicTb 78,4 %, p < 0,001). Ans giamerpa BUCXIAHOT
aopTyn BennumHa binbwa 3a 3,34 cm (yytnmeictb 70,0 %,
cneundiynicTb 69,0 %, p < 0,006) acoujtoBanacs 3 HasiB-
HICTIO KaPOTUAHOI aTepoOMM.

Tpeba HaronocuTu Ha pesynbratax ROC-aHaniay ABox
MOKa3HWKIB 3-MOMiX AOCTiMKEHMX. Tak, i3 HAsBHICTIO Kapo-
TWAHOI aTepOMM acoLLit0BaBCS BiACOTOK XMPOBOI TKAHWHMU,
MeHLwmn 3a 39,5 % (4ytnmeicTb 65,0 %, cneunidHiCTb
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75,3 %, p < 0,042), a TakoX nigBULLEHHS KOediLieHTa Cy-
anHHoi nogatnmeocTi CC noHag 0,68 mm?/kTa (YyTnmBicTb
63,3 %, cneundivnicts 85,5 %, p < 0,009).

BwiaHaumnm Touku po3noginy Ans o6soay Tanii Ta BMic-
Ty 3X, ane BOHW 3HAXOAATbCS 3@ MEXaMy CTaTUCTUYHOT
BiporigHocTi (mabn. 2).

Hapani ans BUBYEHHS acoLliaLlii noKasHIKiB JIoKarnbHoi
xopcTkocTi 3arCA 3 HasiBHICTIO aTepoMM B KapoTUAHOMY
6acenHi nobyaysanm yHiBapiaHTHi mogeni (mabn. 3). Y
pesynbTaTi NOriCTUYHOrO PEerpecinHoro aHanisy BUsB-
nexo: BLU HasiBHOCTI kapoTnaHoi atepomn Hambinblue
3pocTae npw 36inblUeHHI koedilieHTa noaaTnuBoCTi
(CC) BinbHoI Big aTepoMu CTiHKM Ta AiaMeTpa 3aranbHuX
COHHWX apTepiit, @ TaKoX AiameTpa BUCXigHOT aopTy. [lo-
CTOBIpPHUIA BMIMB Ha HASIBHICTb aTEPOMM YMHUMMN TaKOX
ToBLmHa KIM i BiACOTOK XMPOBOI TKAHWUHW B OpraHiami.
Tak, 3VEeHLLEHHS MMTOMOI Bary 3ararnbHOro Xupy Hk4e
32 39,51 % (p = 0,004; nepeBaxxHO BHACMIZOK 3MEHLLEHHS
MiZLLIKIPHOTO XMpPY) CYNpPOBOMKYETCS NiABULLEHHAM BLL
HasiBHOCTI kapoTuaHoi atepomu B 6,036 pasa (95 % [JI
1,417-25,711, p = 0,015).

[MiaBMLLIEHHS BMICTY 3aranibHOTO XONECTEPUHY Y XBOPUX
Ha 'X B noeaHaHHi 3 LI 2 Tuny sk okpemo B3sTui chaktop
CMPVYMHSB NULLIE TEHAEHLO [0 30iNbLUEHHS pU3NKy Ha-
SIBHOCTI kapoTuaHoi atepomu (p = 0,075). O6Big Tanii He
nokasaB MPOTHOCTUYHUX BMACTMBOCTEN B YHiBapiaHTHIN
noricTuyHin mogeni (p = 0,227).

[nsa 3’acyBaHHa noegHaHoi Aii Kinbkox akTopis
py3nKy, LU0 [OBENV CBOi NepenbadyBanbHi BIacTUBOCTI B
YHIBapiaHTHUX MOZENsX, BUKOHAMNM NOTCTUYHWI perpecin-
HWA aHani3 3i CTBOPEHHAM MynbTMBApiaHTHUX MOAenen
nporHo3y (mabr. 4). Tak, foaaBaHHs [0 MyTLTUBAPIaHTHOT
mogeni nokasHuka 3X 3HauHo 36inbLuyBano BhMB Takux
thakTopiB pu3KKy, SK PO3LUMPEHHS BUCXIZHOI aopTh Ta
3arCA (p <0,001). Y nepLuii mogeni nporHo3y noeaHaHHs
piBHst 3X Ta giametpa npasoi 3arCA acoijitoanocs 3i 3poc-
TaHHam BLU HasiBHOCTI KapoTugHoi atepomu B 104 pasu
(p = 0,012) He3anexHoO Big, Biky.

BignosigHo fo Apyroi MynbTWBapiaHTHOI Mogeni
(p =0,001) acouiaLii kapoTuaHoi atepomu 3 koMbiHaLliew
[BOX MOKa3HWKIB (JiameTpa BuUCXigHOI aopTu Ta piBHS 3X),
BiJHOLLIEHHS LLIAHCIB HAsIBHOCTI aTePOCKIepOTUYHOI ONIsILLIKM
3arCA 3poctae B 101,6 pasa (p = 0,015), Takox He3anexHo
Bif BiKY Ta CTaTi.

Tpeta MynsTvBapiaHTHa Mogens (mabn. 4) noegHana
TPY YAHHWKK, L0 AOCTOBIPHO (p < 0,001) 36inbLuytoTs BLL
HasIBHOCTi aTePOCKNEPOTUYHOT ONSALLK B 3aranbHNX COHHMX
apTepisix y XBOPUX Ha riNepToHi4HY XBOpoOy B NOEAHAHHI 3
LykpoBum fiabetom. [lo unx chakTopiB HanexuTb nuToma
Bara XMpOBOi TKAHWHW B OpraHiami, TOBLUMHA KOMMIeEKCy
iHTUMa-Mefia Ta iHAEKC NoAaTIMBOCTI CYAWMHHOI CTiHKM,
BifIbHOI Bif aTepomu, NpaBoi 3aranbHOi COHHOI apTepil.
BignosigHo Ao Uiei Mogeni, BinCOTOK 3aranbHoi X1POBOi
TKaHUHWM MeHwniA 3a 39,51 % 36inbluye BLU y 8,95 pasa
(95 % A1 1,05-76,47, p = 0,045), nepeBuLLEHHs iHAEKCY
CyanHHoi noaaTnveocTi noHap 0,68 Mm?/klMa 36inbLuye BLU y
57,27 pa3a (95 % Al 1,59-2066,23, p = 0,027), nOTOBLLEHHS
KoMnnekcy iHTMMa-megia noHag 639 um 36inbwye BLU B
1,0125 pasza (95 % [ 1,002-1,0230, p = 0,022).

Han3snyalHo BaxnvBUM pe3ynstatoM MoriCTUYHOTO
aHanidy ctano nigTBepMXeHHS BiACYTHOCT 3aneXHOCTi
TPeTbOi MynbTUBApPIaHTHOT MPOrHOCTUYHOI MoZeni Bif BiKy
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Tabauusa 4. MynstuBapiaHTHi Mogeni nporHo3y HasisHocTi ACB kapotuaHoro 6aceiiHy y xsopux Ha X |l ctagii B noegHanHi 3 LU 2 tuny

Moka3Hu1K, OAUHULI BUMiIpIOBaHHSA 95 % Ol

MepLua MynbTUBapiaHTHa Mogens (p < 0,001) 3anexHocTi pisHs 3X, giametpa 3arCA Ta HasisHocTi ACB kapotuaHoro GaceiiHy

3X, Mmonb/n 3,41 1,114-10,464 0,031

D cnpaBa, MM 104,13 2,278-3946,020 0,012
MynetuBapianTHa Mogens (p < 0,001) 3anexHocri piBHs 3X, giameTpa 3arCA Ta HasBHocTi ACB kapoTaHoro 6aceliHy (CTaHaapTMaaLis 3a Bikom)
3X, mmons/n 3,27 1,069-10,033 0,038

D cnpaga, MM 159,32 1,976-12847,340 0,024
Bik 0,96 0,8080-1,1427 0,650
[Jpyra myneTvBapiaHTHa Mogens (p < 0,001) sanexHocTi piHst 3X, AiameTpa aopTu Ta HasisHocTi ACE kapoTuaHoro GaceiiHy

3X, Mmonb/n 4,036 1,097-14,847 0,036
Ao, cM 101,68 3,660-28236,200 0,015
MynertuBapianTHa Mogens (p < 0,001) 3anexHocTi piBHs 3X, fiameTpa aopTt Ta HasiBHOcTi ACB kapoTiaHoro 6aceiy (CTaHaapTv3aLis 3a Bikom)
3X, mmons/n 4,01 1,059-15,160 0,032
Ao, cM 86,89 3,20-23584,50 0,018
Bik 0,21 0,011-3,720 0,62
MynetuBapiaHTHa Mogerns (p < 0,001) 3anexHocTi piBHs 3X, giameTpa aopTt Ta HasiBHocTi ACB kapoTuaHoro 6aceiiHy (CTaHgapTusauis 3a cTaTTio)
3X, Mmonb/n 4,18 1,13-15,49 0,032
Ao, cMm 91,06 3,20-25893,00 0,012
Cratb 1,028 0,92-1,15 0,610
Tpets mynbTuBapiaHTHa Mogens (p < 0,001) 3anexHocTi BincoTka XupoBoi TkaHuH, koedivjenta CC, ToBwmHu KIM cnpasa Ta HasiBHocTi ACB kapotupHoro 6aceiHy
Xuposa TkaHWHa, % 8,946 1,046-76,471 0,045
QIMT cnpasa, ym 57,266 1,5687-2066,228 0,027
CC cnpasa, Mm?kla 1,013 1,002-1,023 0,022

MynbtuBapiaHTHa Mogens (p < 0,001) 3anexHoCTi BifcoTka XMpoBoi TkaHuHK, koedillieHTa CC, ToBmHK KIM cnpasa Ta HasisHocTi ACBE kapotuaHoro baceitHy

(cTaHgapTu3aLis 3a Bikom)

Xuposa TkaHuHa, % 11,374
QIMT cnpasa, ym 443,104
CC cnpasa, Mm%/kla 1,011
Bik 1,078

1,183-109,368 0,035
1,311-149808,305 0,040
0,999-1,022 0,058
0,946-1,229 0,262

MynbtuBapiantHa mogens (p < 0,001) 3anexHoCTi BifcoTka X1poBoi TkaHuHK, koedilieHTa CC, ToBwmHK KIM cnpasa Ta HasisHocTi ACB kapotuaHoro baceitHy

(cTaHpapTu3aLis 3a cTaTTio)

Xuposa TkaHuHa, % 11,189
QIMT cnpasa, pm 70,382
CC cnpasa, Mm%/kla 1,013
Cratb 1,467

0,898-139,417 0,061
1,504-3293,693 0,030
1,002-1,023 0,021
0,158-13,659 0,736

MynbtuBapiaHTHa Mogerb (p < 0,001) 3anexHocTi BifcoTka XMpoBoi TkaHuHK, koedilieHTa CC, ToBmHK KIM cnpasa Ta HasiBHocTi ACBE kapotuaHoro 6aceitHy

(craHgapTu3auis 3a IMT)

XvpoBa TkaHuHa, % 10,228
QIMT cnpasa, pm 57,087
CC cnpasa, Mm?kla 1,013
IMT, kr/m? 1,068

1,119-93,517 0,039
1,693-1925,158 0,024
1,002-1,025 0,019
0,870-1,312 0,528

MynbTtuBapiaHTHa Mogens (p < 0,001) 3anexHoCTi BifcoTka X1poBoi TkaHuHK, koedillieHTa CC, ToBwmHK KIM cnpasa Ta HasisHocTi ACB kapotuaHoro baceitHy

(cTaHpapTu3aList 3a piBHEM rnikoBaHOro remMorrobiHy)

Xupoga TkaHuHa, % 21,723
QIMT cnpasa, ym 290,293
CC cnpasa, Mm%/kla 1,012
HbA1c, % 0,908

0,853-553,513 0,062
1,275-66101,799 0,041
1,000-1,024 0,045
0,449-1,839 0,789

[lani chopmoBaHo 3 BnacHux crnocTepexeHs. HaseaeHo nokasHuki BLU, 95 % [osipuuit iHTepsan i piBeHb A4OCTOBIPHOCTI.

Ta CTaTi XBOPUX, iHAEKCY Macu Tina, piBHS rnikoBaHOro
remornoBiny (mab6n. 4).

OTxe, y pe3ynbrari JOCHimKEeHHs! BCTAHOBINEHO YNHHY-
K, 3 IKMMM acOLLitOKTbCS KapOTUAHI BnsLLKK Y XBOPKX Ha
rinepToHiYHy XBOpODY B MOEAHAHHI 3 LiykpoBUM AiabeTom
2 Tuny: 3 koediuieHTom nogatnueocTi (CC) BinbHOI Big
aTepoMm CTiHKW, [iaMEeTPOM 3aranbHUX COHHUX apTepil,
ZiaMeTpoM BHCXigHOT aopTw, ToBLmHO KIM Ta BigcoTkom
XXMPOBOI TKaHUHM B OpraHi3mi. lMoegHaHHs Lyx dhakTopis i3
NiABULLEHUM BMICTOM 3araribHOro XonecTepuHy 36inbLuye
PU3MKMA MOSIBU aTEPOCKNEPOTUYHOI BRSILLKA B 3ararnbHUX
COHHUX apTepisiX y TakUX XBOPUX, HE 3anexuTb Bif BiKy,
cTaTi Ta KoMneHcaLlii ByrneBogHOro 0omiHy.

3anopisbkuin MeguuHuii xxypHan. Tom 26, Ne 2(143), 6epeseHb — kBiTeHb 2024 p.

06roBopeHHA

Bigomo, Lo OXVPIHHA € (haKTOPOM PU3MKYy KOPOHAPHOIO
aTepockneposy [7], ane BNAMB XWPOBOI TKaHWHW Ha aTe-
POCKIIEPO3 COHHOI apTepii BUMEPTHO HE BUBYEHO.

B Halwomy gocnimkeHHi came 3MEHLLUEHHs BiacoTka
XMPOBOI TKaHWHW Hinkye 3a 39,5 % acouitoBanocst 3 HasiB-
HiCcTIO aTepomm (YyTnmBicTb 65,0 %, cneumdivHicTs 75,3 %,
p < 0,042), a poctoBipHux BigmiHHOCTEN 3a IMT, 06B0AOM
Tanii He BUSIBUNK, X04a Y rpyni navieHTiB 6e3 atepomu L
nokasHuky Byno aewo Buwmmm. Tak, xsopi Ha MX i LI 3
KapoTuaHUMK bnsukamu Manm Ha 17,9 % MeHLLMI BincoToK
XnpoBoi TkaHuHu (p = 0,012) i nuwe Ha 3,7 % MeHLWwwui
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o6Big Tanii (p = 0,243), Hix naieHTn 6e3 BNALIOK y COHHMX
aprepisix. OTxe, SKLIO XBOPi AOCTOBIPHO HE BiApi3HANMCS
3a 06BoAOM Tanii, Npunyckaemo, LU0 BOHW Man 04HaKoBY
MUTOMY Bary BiCLieparnsHoro xmpy. Pasom i3 Tvm xsopi Ha ka-
POTWAHWIA aTEPOCKIEPO3 Manu JOCTOBIPHO MEHLLY MUTOMY
Bary 3aranbHOro Xupy, @ 0Txe BiACOTOK MiALLIKIPHOIO Xupy
Y HWX TakoX BipOriaHO MeHLLniA. Came LM (hakToM MOXHa
MOSICHUTY MIABULLEHHS PU3NKY KAPOTUZHOTO aTepoCKIEpo3y
y xBopux Ha X i LI npu 3HWkeHHi nuToMOi Baru 3ararnbHoro
(nepenycimM MigLWKIPHOTO) KUPY B OpraHiami.

3a faHMMuK HellodaBHBLOrO MeTaaHanisy [8], 3aranbHe
OXVPIHHS Ta BicLiepanbHWiA Xup He Bynu noB’asaHi 3 Ha-
ABHICTIO KapOTWUAHOI BMALLKM NPy OKPEMOMY OLiHIOBaHHI;
y BOCbMM JOCTIHKEHHSX i3 3anyyeHHam 12 444 nauieHTiB
He BUSIBUNM 3B'13Ky Mixx 0OBOLOM Tanii Ta HasiBHICTIO Ka-
potnaHux Bnsawok. Hawi aaHi 3biratoTbest 3 pesynsraramu
LbOro mMeTaaHanisy. Brim, cniesigHoLeHHs obsogy Tanii
Ta CTEroH — 3HauyLLUMN aHTPONOMETPUYHMIA NMOKA3HWK, LLO
MOB'SI3aHMI i3 MOLLMPEHICTIO KAPOTUAHMX BMALLIOK, OCKiNb-
K onucye cniBBIQHOLLEHHS BicLepanbHOi Ta NiALLKipHOT
XMPOBOI TKAHVNHW.

BicuepanbHa »wupoBa TkaHuHa € MeTabonivyHO aKT1B-
HOI0 Ta CEKPETYE afMMNOKiHW, L0 CIPUYMHAKOTL 3ananeHHs
Y CYOMHHIN CTiHUi ¥ iHCYNIHOPE3WUCTEHTHICTb, a NiALLKipHa
XMPOBA TKaHUHA aCOLIKETLCS 3 HENTPanbHUM abo HaBiTb
CnpuaTnMBUM MeTaboniyHrm Bnmeom [9]. Tak, BioknageH-
HS1 JKUPY B HWXHIIA YacTuHi Tina 3i 36inblueHHsM obsogy
CTErOH MOXe (DYHKLiOHYBaTW SK 3aXMCHUI pe3epsyap
npoTK ekToMiYHOro (4epeBHoro) oxupiHHa [10]. OTxe,
came GanaHc Mix BicLiepanbHAM i NIALKIPHUM XMPOBUMM
[ierno MOXe BNnvBaTH Ha MOLUMPEHICTb KapoTuaHUX 6ns-
wok. HactynHi gocnimkeHHs MoxyTb GyTi cnpsiMoBaHi
Ha BMBYEHHS 3amneXHOCTi HasiBHOCTI aTepomu Bif Tumy
OXMPIHHSA, BIiACOTKA M’AA30BOI TKAHWHU OpraHisMy, agxe
6inblua M’sa30Ba Maca Moxe OyTv HenpaBunbHO knacudi-
KOBaHa K OXKUPIHHS.

Y nonepeaHix AOCNIMKEHHSX LLOAO BrAMBY NOKa3HKIB
MpYXHO-enacTuyHmx BnactueocTeit 3arCA Ha HasBHICTb
aTepOoCKNepoTUYHUX BNSLIOK i AiacTonivHoi AncdyHKLUT
JIW gocnignmv nokasHuky rpynu xeopux Ha MX 6e3 LI
[11,12]. Y umx navieHTiB Kopensawis Mix HasiBHICTIO aTepoMu
Ta NiABULLEHHSAM MOKA3HUKIB XOPCTKOCTI, TOBLMHM KIM
nepenbadyBaHa, 1 OTpUMaHi faHi 3icTaBHi 3 pesynsraramu
iHLWMX pocnimpxkeHs [13].

Y ubOMy JOCRimKeHHI, B sike 3anyyeHo ocib i3 LI,
TaKOX [0BEOEHO 3aneXHICTb NMokasHukiB ToBLMHK KIM i
giametpa 3arCA Big HasiBHOI aTepomMu, NPOTe 3anexXHiCTb
BiJj MOKa3HMKa NPY>HOCTI apTepii BUSABUIACH HEOUIKYBAHOLO,
afpKe 3 NiABULLEHHSIM KoediLlieHTa CyaUHHOT NoAaTNMNBOCTI
CC noxag >0,68 mm?/kla (4ytnumeictb 63,3 %, cneundiy-
HicTb 85,5 %, p < 0,009) BigHOLIEHHS WAHCIB HASIBHOCTI
arepomu nigeuyBsanock B 12,56 pasa (p = 0,024). IHwwi
napameTpy NoKanbHOI XOPCTKOCTI (HAEKCH XOPCTKOCTI a,
B, PWV) Takox Manu TeHAEHLLit0 [0 MipLLMX 3Ha4eHb Y rpyni
6€e3 CTEHO3Y40ro aTepoCKIIEPOTUHHOIO YPaXEHHS, MPOTe
BiZIMIHHOCTi He JOCSMM PiBHS CTATUCTUYHOI 3HAYYLLLOCTI.

OpnHuMM i3 NosICHEHb Liboro hakTy Moxe OyTn HasiBHICTb
[BOX Pi3HUX MOAENEN rpalieHTiB NO3A0BXHLOI AedopmaLji
3aranbHoi COHHOT apTepii: nepLua — OrsiLLKa XopCTKilLa, Hix
npuvnerna ctiHka aptepii [14], apyra — 6nswwka GinbL enac-
TU4Ha, HiX Npunerna cTiHka [15]. Ockinbkv M1 focnimkyBa-
nn BiNbHy BiA 6nswwku cTiHky 3arCA, To npunyckaemo, Lo
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oTpVUMany nepLUy MoAenb — i3 BirbLL XOPCTKOK BALLKOLO,
HXX Npunerna go Hei cTiHka aptepii. Y Gyab-skomy paasi,
HEBIAMNOBIAHICTb €NacTUYHOCTI Bins GRSLLKM MOXe Npu3se-
CTV O KOHLEHTpaLii Hanpy»KeHHS, LLO MOXE CNPUYUHNTH
pO3pYB ONSALLKK.

CynuHHa cucTema y XBopyX Ha LiyKpoBWii aiabeT 2 Tuny
XapaKTepu3yeTbCA MiABULLEHOK apTepianbHOK XOPCTKi-
CTI0, LU0, 33 AaHUMW JOCTiAKEHb, MOB'Si3aHa 3 Nporpecus-
HUM YTBOPEHHSAM CrOMyYeHb KiHLEBMX NPOAYKTIB rrikaLii
Ta KOMareHOBWX BOIMOKOH, MOPYLUEHHAM perynsauii obmiHy
OKCWy a3oTy Ta MiABULLEHO KanbLmdikaLlieto cyavH [16].
IMOBIpHO, Liet BNIMB Mae GirnbLLie 3HaYEHHS Ha XOPCTKICTb
CYOUHHOT CTIHKW, HXX (POpMyBaHHS aTepoMu.

3a AaH1MW NPOCMEKTUBHOIO KOFOPTHOTO IOCITMKEHHS],
LI noB’sA3aHuii He nuLue 3 rinepTeHsieto, ane 1 3 nigsuLLe-
HOO apTepianbHOK XXOPCTKICTH. 3ayBaXuMo, L0 came ap-
TepianbHa XOpCTKICTb Mae KpaLLe MPOrHOCTUYHE 3HAYEHHS!
LLIOA0 BUHUKHEHHST AiabeTy, Hix i30mboBaHa rinepToHis [4].
B iHLWIOMY gOCHiMKEHHI BUBYAMM rpymny NOKa3HUKIB MPYXHO-
€nacTUYHMX BNacTUMBOCTEN apTepil: KapoTAHO-CTETHOBY
PWV, koediuieHT poatspkHocTi DC 3arCA i kapotnaHy
ToBLWMHY KIM. BCTaHOBMAM, IO KOXEH i3 LnX napameTpis
acoujinoBanui i3 possutkom LI 2 Tuny [17]. Bee ue moxe
noYacT NOSICHUTY LOBEAEHWI MiABULLEHUIA CepLiEeBO-CY-
AVHHUIA PU3VK Y Takux nauiexTis [18].

3a gaHumu ocTaHHixX pgocnimkeHb [19], niabet mae
HEraTMBHUI BMIMB Ha MPYXHO-eNacTUYHi BNacTUBOCTI
3aranbHUX COHHUX apTepild, IO BUMIPSHI 38 [OMOMOrO0
TexHonorii RF-QAS, 3HauyyLL0 Bifpi3HAETHCA Y NaLEHTIB i3
piabetom i 6e3 Hboro (3HaveHHs PWV ctanosuno 10,3 m/s
vs 9,2 m/s BignosigHo, p = 0,003). Brim, gocnigHuku He
BCTaHOBWIM 3aNEXHICTb Bif PiBHS MMiKOBAHOMO reMornobiHy
NPV 3HAYEHHSIX NoHaA 5,8 %. Y HaLOMy JOCTIIKEHHI TaKoX
He BU3HAYWUMM BMIMB PIBHS MMIKOBAHOMO reMornobiHy Ha
nporHo3 HassHocTi ACB y COoHHMX apTepisiX y XBOpKX Ha
X, noegHany 3 L.

Bigomo, wo LI nos’sa3aHnii i3 NigBULLEHUM PU3UKOM
CYAVHHUX MOAIN, 30KpeMa iLLeMIYHOrO IHCYNETY B 3aranbHin
nonynsuii, a TaKoX MOXE MOCUINTY TSXKKICTb eKkcTpakpa-
HianbHOro aTepoCcKNepoTUYHOrO 3axsoptoBaHHs [20]. Tak,
Hoke et al. npu cnocTepexeHHi 3a nauieHTamm 3 YOTUPLOX
rpyn (MegiaHa cnocTepexeHHs — 11,8 poky), Skux noginunu
3a 03HaKoK HasiBHoCTi LI i cTeHo3yto4oro atepocknepo-
TWUYHOTO YpaeHHs apTepiit >50 %, BUSBUMW NigBULLEHHS
CMepTHOCTi Y XBOpMX Ha LiykpoBuii giabet (p < 0,01 ans
TpeHay); npy Ge3CUMNTOMHOMY 3BYXeEHHi COHHOI apTepii
250 % nuwe 21 % nauieHTiB i3 giabeTom BUXMM NPOTH
40 % 6e3 LA [21]. LA Takox noB's3ytoTb i3 Ginblunm
PU3MKOM HECMPUSTIIMBMX HACMiAKIB NiCNs KapOTUAHOI
eHpapTepekToMii abo CTEHTYBaHHS COHHVX apTepint [22].

BucHoBKH

1.'Y xBopwX Ha rinepToHi4Hy xBopoby Il cTagii y noea-
HaHHi 3 LlyKpoBWM AiabeTom 2 TUMy BMICT KV1POBOI TKaHUHW,
MeHLLInI 3a 39,5 % Bi Macy Tina, acoLlitoBaBCA 3 HASIBHICTO
KapoTuaHoi atepomu (4yTnmeicTb 65,0 %, cneumdidHicTb
75,3 %, p < 0,042), a po3LUMPEHHS BUCXIOHOI aopTu Mo-
Hag 3,34 cm (vytnmeictb 70,0 %, cneundivHictb 69,0 %,
p < 0,006) 36inbLwye BLU HasBHOCTI atepocKnepoTUYHOI
6nswkm B kapoTuaHomy HaceiiHi B 11,6 pasa (p = 0,0107).
Bnnve uporo daktopa nocunioeTbcs Npu LoAaBaHHi 4o
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mozeni NporHo3y nokasHWka 3araribHOro XonecTepuHy
noHag >6,35 MMonb/1 i He 3anexuTb Bif cTaTi Ta BiKy.

2.'Y xBopux Ha rinepToHiuHy xsopoby Il cTagii y noea-
HaHHi 3 LlyKpoBWM AiabeToM 2 TUMy HasiBHICTb aTepoMK Ka-
poTtuaHoro BaceiiHy acoLitoeTbCA 3i 36iNbLUEHHSAM AiameTpa
nieoi 3arCA noHaz 8,59 mm (wytnmsicTs 50,0 %, cneumdiy-
Hictb 100,0 %, p < 0,019), npasoi 3arCA — noHag 8,1 mm
(4yTnmeicTb 68,4 %, cneundivHicts 78,4 %, p < 0,0001).
Lle 36inbwye BLU HasBHoCTi atepomu B 3,7 (p = 0,001) B
6,6 pasa (p = 0,0013) BiznosigHo; npu Lbomy BLL 3poctae
npy AOAABaHHI A0 MPOrHOCTUYHOI MOZENi NOKa3HUKa 3a-
ranbHOro XoNecTepUHy noHaz >6,35 MMorb/n, He3anexHo
Bif CTaTi Ta Biky.

3. 36inbLueHHst ToBwmHKM KIM niBoi 3aranbHoi COHHOT
apTepii noHaa 756 pm (4yTtnueicTb 45,0 %, cneumdivHicTb
86,8 %, p < 0,002), npasoi — noHag 639 um (4yTnuBiCTb
70,0 %, cneundpiunictb 80,0 %, p < 0,001) acouitoeTbes
3 [OCTOBIpHMM 3pocTaHHaM BLU HasBHOCTI aTepomu B
1,0066 (p = 0,018) i 1,0115 pasa (p = 0,001) BignosigHo.
KoediLieHT nogatn1BoCTi BinbHOI Bif, aTepoMyt CyaUHHOT
CTiHKM, Buwmii 3a 0,68 mm?/klMa (vyTnmBicTb 63,3 %, cne-
undpiynictb 85,5 %, p = 0,009), 36inbLwye BLL HassHoCT
aTepomy B 3ararbHili CoHHiil apTepii B 12,6 pasa (p = 0,024).

4. BignoBigHO A0 MynbTMBapiaHTHOI Mogeni NporHoay,
BiACOTOK 3aranbHOi XXMPOBOI TKAHWHW, MeHLLMIA 3a 39,51 %,
3BinbLuye BLL kapoTuaHoi atepomm y xBopux Ha X'y noeaHaH-
Hi 3 LU 2 Tuny B 8,95 pasa (95 % Al 1,05-76,47, p = 0,045),
NepeBULLEHHS! iHAEKCY NOAATMMBOCTI CyAVHHOI CTiHKM, BINbHOT
Bif atepomu, noHag 0,68 Mm?/kia 36inbLuye BLU y 57,27 pasa
(95 % [l 1,59-2066,23, p = 0,027), NOTOBLLEHHS KOMMIEKCY
iHTMa-Mepia noHan 639 um 36insLuye BLL B 1,013 pasa (95 %
[11,002-1,023, p = 0,022) HezanexHO Big Biky, CTaTi, iHOeKCy
macy Tina, piBHs [MiKoBaHOTO reMorroBiHy.

MepcneKTUBU NOAAABLLUMX AOCAIAKEHb MOMSAralTb
Y BMBYEHHI NPYXHO-eNaCTU4HWX BACTUBOCTENA COHHUX
apTepiil y XBOpPUX Ha riNepTOHIYHY XBOPODY B MOEAHAHH 3
LIyKpOBMM fiabeToM 3anexHo Bif KniHiYHoi cTagii cepLeBoi
HegocTaTHocTi (cTagii B, C).
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OpwuriHaAbHI AOCAIAXKEHHS

0cobAMBOCTI pecnipaTopHOro romeocrasy B CTYAEHTOK 3 iAionaTUuHOIO
apTepiaAbHOIO rinOTEH3i€l0 HA TA FriNepBEHTUAALIMHOTO CUHAPOMY

A. M. Contncik®**E€ B. A. AeBueHKoBABCEF

IBaHO-DpaHKIBCbKWIA HaLLIOHAABHUIA MEAMYHWIA 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 po60Ty - OLiHNTM CTaH nereHeBoi BeHTUNALI Ta eKCKypcii Aiadhparmu B CTYAEHTOK 3 ifionaTU4HOK apTepianbHOL rinoTeH3ieln
Ha TNi rinepBEHTUNALIHOMO CUHAPOMY | HAAMIPHOI TPMBOXHOCTI.

Martepianu i metoan. OBcTexunm 62 cTygeHToK BikoM 18—24 pokw, B SiKMX AiarHOCTOBAHO igionaTuyHy apTepiarbHy rinoTeHsito.
XBOPUX LLMSIXOM paHZ4oMi3aLii NOZIMIV Ha rpynu 3aneHo Bif KMIHIYHOT CUMNTOMATUKK. Y NepLuUy rpyny BKI0YUNM 34 CTyLeHTOK
3igionaTyHo apTepianbHO riNoTEH3IE Ha TN HaAMIPHOT TPUBOXHOCTI Ta riNepPBEHTUNSALIHOTO CUHAPOMY; y Apyry — 28 obeTe-
XEHWX 3 apTepiarnbHOI0 rinoTeH3ieto, 6e3 03HaK HeMPOreHHOI rinepBeHTUNALLT. Y TPETHO (KOHTPOMbLHY) rpyny 06CTEXEHMX 3amy4nnm
11 NpaKTUYHO 30OPOBUX CTYAEHTOK-OQHOMITOK.

[posiBK rinepBEHTUNALINHOTO CUHAPOMY BU3HaYanu 3a pesynbratam HeilMereHCbKoro onuTtyBanbHuka. PiBeHb TPUBOXHOCTI
ouiHoBanu 3a wkanoto Cninbeprepa—XaHiHa. OCHOBHI NOKa3HUKM NereHeBoi BEHTUAALT 4OCTIANNM 3a 4OMNOMOroi0 CripoMeTpa
«Spirolaby (ITanist). AuHamivHy dyHKUiI0 fiadparmi BU3Ha4anu LWSXOM OLIHIOBAHHS eKCKypCil ii npaBoro kyrnosa 3a A0NoMOorow
anapara Chison QBIT 5 (Kutai).

Pesynbtaty. LLUNSXOM ONUTYBaHHSA B CTYAEHTOK NEPLUOT rpyni BCTAHOBMIM O3HAKN HEMPOTEHHOTO riNepBEHTUNALLINHOIO CUHAPOMY
Ta HaaMIpHOI TPMBOXHOCTI. [JOCNigKEeHHS NereHeBoi BEHTUMALLT NoKa3anu JOCTOBIPHE 3HIDKEHHS XUTTEBOI EMHOCTI NereHb,
¢popcoBaHOI XMTTEBOI EMHOCTI NereHb, 06’'eMy hOpCOBAHOMO BUAMXY 3a NEPLUY CEKYHAY B 0OCTEXEHUX L€l rpyni NOPIBHSHO
3 BiANOBIgHMMM NOKa3HUKaMK CTYLEHTOK ApYroi Ta TpeTboi rpyn. Lie CBig4nmno npo pecTpukTUBHUIA TN AnXanbHUX 3MiH B ocib
nepLLOoi rpynu.

BcraHoBneHo, Lo nokasHuky exckypcii giadparmu (18,29 + 3,26 Mm) B CTaHi CNOKO B 06CTEXEHMX i3 NEPLUOT rpyni JOCTOBIPHO
MEHLLI Bifl pe3ynbTarTia, L0 OTpUMani B rpyni KOHTponto (26,82 + 2,32 mm, p < 0,05). B ymoBax hopcoBaHOro AnxaHHs eKCKypCist
fiachparmu B CTyAeHTOK nepLuoi rpynu (56,86 + 4,35 Mm) MeHLLIa 3a peaynsTaT 06CTeXeHVX i3 KOHTponbHOI rpynu (80,18 + 3,19 Mm,
p <0,05). Y gpyriit rpyni AiB4at BUXiAHE AOCTOBIPHE 3MEHLLIEHHS KCKypCiT AiadparmMu BU3Ha4nnM Tinbku y 26,67 % Bunagkis.

BUCHOBKM. Y CTYOEHTOK 3 igionaTyHOK apTepianbHOL TNOTEH3IED HA TN NiNepBEHTUNSALIMHOMO CUHAPOMY Ta HagMIPHOI TPUBO-
)KHOCTi BCTAHOBWIW 3HKEHHS MOKA3HMKIB NEreHeBoi BEHTUNALL 3@ PECTPUKTUBHUM TUNOM Ta eKCKypcii giadparmu.

KatouoBi croBa:
ipionatnuHa
apTepianbHa
rinoTeHsis,
rinepBEHTUAALLINHNI
CUHAPOM.
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Respiratory homeostasis features in female students
with idiopathic arterial hypotension and hyperventilation syndrome

L. M. Soltysik, V. A. Levchenko

Aim. To assess the condition of pulmonary ventilation and diaphragmatic excursion in female students with idiopathic arterial
hypotension in the context of hyperventilation syndrome and excessive anxiety.

Materials and methods. In total, 62 female students aged 18-24 diagnosed with idiopathic arterial hypotension were examined.
The patients were randomly assigned to three groups based on clinical symptoms. Group 1 consisted of 34 students with idio-
pathic arterial hypotension accompanied by excessive anxiety and hyperventilation syndrome. Group 2 comprised 28 students
with arterial hypotension without signs of neurogenic hyperventilation. Group 3, the control one, included 11 apparently healthy
age-matched students.

The manifestations of hyperventilation syndrome were determined using the Nijmegen Questionnaire. The level of anxiety
was assessed using the Spielberger—Hanin scale. Primary indicators of pulmonary ventilation were examined using a Spirolab
spirometer (Italy). The diaphragm dynamic function was evaluated by assessing the excursion of its right dome using a Chison
QBIT 5 apparatus (China).

Results. Through the survey, signs of neurogenic hyperventilation syndrome and excessive anxiety have been identified in the
students of Group 1 showing changes in pulmonary ventilation parameters, such as significantly decreased vital capacity (VC),
forced vital capacity (FVC), and forced expiratory volume in 1 second (FEV1), compared to the results obtained in Groups 2 and
3, indicating restrictive respiratory disorders.

It has been found that diaphragmatic excursion values (18.29 + 3.26 mm) at rest in Group 1 were significantly lower compared to
those obtained in the control group (26.82 + 2.32 mm) (p < 0.05). During forced breathing, diaphragmatic excursion (56.86 + 4.35 mm)
in Group 1 was lower than that (80.18 + 3.19 mm) in the control group (p < 0.05). In Group 2, a significant initial decrease in
diaphragmatic excursion was revealed only in 26.67 % of the girls.

Conclusions. In female students with idiopathic arterial hypotension accompanied by hyperventilation syndrome and exces-
sive anxiety, restrictive pattern of decreased pulmonary ventilation parameters and reduced diaphragmatic excursion were
observed.

3anopisbkuin MeguuHuii xxypHan. Tom 26, Ne 2(143), 6epeseHb — kBiTeHb 2024 p.

Keywords:
hyperventilation
syndrome,
idiopathic arterial
hypotension.

Zaporozhye
medical journal.
2024;26(2):101-105

ISSN 2306-4145  http://zmj.zsmu.edu.ua 101



Original research

YpbaHiaaLisi, HaykoBO-TeXHiYHWIA Nporpec, iHghopmaLiiiHa
€KCMaHcisl, eKonoriYHi N coljianibHO-eKOHOMIYHI Herapas-
Au, rinoguHamis Ta iHLWi HeraTuBHI hakTopu Cy4acHoCTi €
YaCTOK MPUYMHOK XPOHIYHOTO | TPMBAIOTO NCUMXOEMOL-
HOTO HamnpyXeHHs1 B MONoanx ntogeit. Hepigko po3suTok
MCUXOCOMATUYHUX 3MiH MOB’A3YI0Tb i3 AMCHYHKLiE0
NiMBIKO-PETUKYNISPHOTO KOMMIIEKCY, SKUI € iHTerpaTue-
HUM PErynsaTopHAM LIEHTPOM MCUXIYHOI Ta BereTaTuBHOI
pianbHocTi [1]. CTpec-iHayKOBaHi MOpyLIEHHs B3aeMOfIi
MiX LleHTpanbHOK HEPBOBOK CUCTEMOIO, Ti CTPYKTYpamM i
BHYTPILUHIMV OpraHamu Ta C1cTeMamu MOXYyTb MPU3BOANTM
[0 hopMyBaHHS COMaTOPOPMHOI BErETaTUBHOI ANCEYHK-
Lii, WO cnpuymuHsie 6aratorpaHHi nceBaocoMaTuyHi nopy-
LUEHHS, Cepen SIKUX BU3HaYaloTb apTepianbHy rinoTeHsio,
rinepseHTUNALINHUA cuHapom (FBC), uedanriybuin Ta
abpomiHanbHUA cuHapomm Towwo [2,3]. OpHe 3 HUX Moxe
mMaT LOMiHyKuMiA nepebir Ha Tni MiHiManbHUX ckapr 3
OOKy iHLUMX OpraHiB i cMCTEM Yepes3 CninbHi MexaHi3Mu
naToreHesy, LLI0 4acTo, NepenmiTakymch Mix coboto, 3naTHi
ycknaaHoBaTy nepebir oaHe 0QHOTO, 3HVKYHOUM edhekTUB-
HICTb MPU3HAYEHOrO NiKyBaHHS [4].

B ocTtaHHi gecatunitTa BU3HaYaloTb TeHAEHL A0
30inbLUEHHS! KiNbKOCTI OCIb 3 iZionaTNyHOK apTepianbHO0
rinotenaieto (IAI) cepen Monogi toHaLbkoro Biky. 3a faHu-
MU Pi3HWX aBTOPIB, MOLIMPEHICTb apTepianbHoi MnoTeHaii
Bapitoe B AianasoHi Big 3,6 % 0o 41,9 % popocnoro Hace-
NeHHS, YacTiLe i BUSBNSAIOTb Y AiB4aT i MONOAWX XKiHOK [5].

Y cyyacHii thaxoBii niteparypi HaBeAEeHO PisHi Nornsau,
MOB’Ai3aHi 3 NEPBVHHOK apTepianbHOIO MiNOTeHsie, — Bif
TaK 3BaHOro TepaneBTUYHOrO “Hiriniamy” 4o BigYyTTS NOMip-
KOBaHOTO 3aHEMOKOEHHS LLIOAO PU3MKY PO3BUTKY B ManbyT-
HbOMY MEBHUX COMATUYHUX YCKnaaHeHb [6]. HuHi uumano
[0CTiOHVKIB BBAXAKOTh, LU0 NPUYMHI BUHVKHEHHS! OKPEMMX
CepLEeBO-CYANHHUX Ta iHLIKMX COMAaTWUYHIX 3aXBOPIOBaHb Y
CTapLuvX nofen noTpibHO LwykaTh B toHaLbkoMy Bil. Lle
00r'pyHTOBYE [OUINBHICTH BUBYEHHS NPOBneMM nepBUHHOI
apTepianbHoi rinoTeHsii Bxe B ocib nignitkosoro Biky [7].

Cepen kniHivHrx nposiBiB Al yacTo dikcyoTb CynyTHI
03HaKM BereTaTMBHOI AMCKYHKLi — posnagiB aganTauii Ta
BereToBicLiepanbHoi CUMNTOMAaTUKK, 30Kpema rinepBeH-
TUAALINHOTO CUHAPOMY. XPOHiYHE NCMXOEMOLHE Hanpy-
XEHHSI CMPUYMHSIE PO3Nagu HerlporeHHo-mMeTaboniyHoro
3abe3neyeHHs mMexaHiamiB romeoctasy. Tpveana iemis
Ta NoB'si3aHa 3 Hero AMCKYHKLIA CyOMHOPYXOBMX i pecni-
paTOPHWX LIEHTPIB BNMMBAKOTb HA TOHYC CyaWH, BPOHXIB,
JvxanbHWX M'a3iB, | B Tomy umcni giadoparmu. MogibHi 3miHm
306anaHCcoBaHOCTI IHTErpaTUBHUX CTPYKTYP, BUHUKHEHHS
HOBVX (hOpM afanTalii 1o CTPECOPHOTO BNIMBY NPU3BOASATH
[0 KONMBaHHS apTepianbHOro TUCky (AT), (opMyBaHHS Hel-
POTEHHOI rinepBeHTUNALI 3 BIAMOBIAHOK CYMMTOMATHKOK
Ta iHLUMX BEreto-CoMaTUyHMX nposisis [8].

[OuxanbHum posnapam y xsopux Ha IAI yacto npugins-
10Tb HELOCTaTHLO yBaru. BCTaHOBNEHO, L0 NaTOreHeTUYHI
mexaHiamv BC yepes rinokanHito, pecnipaTopHWiA ankaros,
edhekt Bopa cnpuunHaTL hOpMyBaHHS GaraTbox KIiHiu-
HWUX CUMMTOMIB, BUP@XKEHICTb SKMX MOXE MOCKMIOBATUCA
B ymoBax 3HikeHoro AT [9]. Tomy BC 3 eTionoriyHmx i
naToreHeTUYHMX No3uLii o3Ha4ae Habarato Ginblue, HixX
nocuneHe AvxaHHs. JlereHeBa BEHTUNALLS Ta eKcKypcis
Jiadpparmy € BaXIMBUMN KOMMOHEHTaMW TOMEOCTaay, Lo
30aTHi KOMMEHCYBATW 3HWKEHHS apTepianbHOrO TUCKY,
mobinisyBaTi BeHO3He noBepHeHHS [10].
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[Mpy comaToopmMHMX BEreTaTuBHUX AUCHYHKLISX BU-
SIBMEHi AyxanbHi po3naam YacTo NoB's3ytoTh 3i cnabkicTio
iHcnipaTopHuXx M’si3iB. Cepeq HUX HaNBAXNMBILLIE 3HAYEHHS
mae aiacparma, sika y 30opoBoi NIANHM 3abe3nevye Bayx
y mexax 70-80 % [11].

OTXe, OLiHIOBaHHS NMOKa3HMKIB NereHeBoi BeHTUMALT,
eKckypcii AiadparmMu Ha Tni NpOsBIB NEPBUHHOI apTepi-
anbHOI TiNOTEH3ii MOXe BUKIMMKATW HayKOBO-MPaKTUYHNIA
iHTepec, OCKirnbky Came NOpYLLEHHS pecripaTopHOI (yHKLT
Ha Tni NCYXOEMOL|HOTO HaNPYXXEHHS MOXe BMMVNBaTH Ha
CTPYKTYPHO-(PYHKLOHamNbHWIA CTaH CepLeBO-CYAUHHOI Ta
iHWMX COMATUYHMX CUCTEM, a TaKOX 3MiHIOBaTW SIKICTb
XWUTTS monogux niogen [12,13].

MeTta po6otu

OUiHNTY CTaH NereHeBOi BEHTUNALI Ta eKckypcii Aiadhparmu
B CTYOEHTOK 3 igionaTuyHOK apTepianbHO MiNoTeH3ien
Ha TNi rinepBeHTUNALINHOTO CUHAPOMY i HAaAMIPHOI Tpu-
BOXHOCTI.

Martepianu i MeToAU AOCAIAYKEHHA

Y pocnimkeHHi Opann yy4acTb CTyaeHTku IBaHo-PpaHkiB-
CbKOr0 HaLlioHarnbHOro MeauyHOro yHiBepcuTeTy 3 igiona-
TWUYHOO apTepiarnbHOK rinoTeH3ieto. MpeameT AOCHimKeHHs
— CTaH nereHeBOi BEHTUNALIT Ta eKckypcii aiacparmu,
BPaXOBYIO4YM MCUXOEMOLIiHWI CTaTyC Ta apTepianbHui
TUCK, B ODCTEXEHUX AiBYaT.

KpuTepint 3anyyeHHs — igionaTuyHa apTtepianbHa
rinoTeHaisi, gjiarHocToBaHa B 62 CTYAEHTOK i3 piBHEM cu-
CTOMIYHOrO apTepiarnbHOro TMCKy <98 MM pT. CT., KoK He
6yno npuyunH Ans rinotexaii. LLnsixom paHpomisaii 8 nepuy
rpyny 3anyyaunv 34 ctyaeHTok 3 |AT, B SKvX BUSIBIIM O3HAKMN
rinepBEHTUNALINHOIO CUHAPOMY. Y Apyry rpyny BKIOYMN
28 cTypeHTOK 3 IAI 6€3 OCTOBIPHYMX 03HAK HENPOTEHHOI ri-
nepseHTUnALji. Bik ycix obcTexeHnx craHouB 18-24 poku.
Y TpeTio (KOHTPONBHY) rpyny 3anyumnu 11 CTyAeHTOK-0aHO-
NiTOK i3 HOpMarbHUMM NOKA3HUKAMU apTEPIANbHOTO TUCKY.

[JiarHos |Al" BepuchikyBanu Ha nigCTasi ckapr, aHaMHe3y
3axBOpIOBaHHS, AaHwx 3a . 086/0, ¢. 025/0, aHkeTyBaHHS,
pesynsTaTiB MOHITOpUHry AT, nabopaTopHux Ta iHCTpy-
MEHTanbHMX 06CTEXeHb, BIANOBIAHO A0 pekoMeHAaLlin
MO3 Ykpainu, Hakasy Big 14.02.2012 p Ne 110. Y givar
BUKMKOYaNW 3aXBOPIOBAHHS OPraHiB AuXaHHs, NaTomnorito
cepus, HUpOK, xpebTa, aHeMmito.

CTyneHTkv nepuioi Ta Apyroi rpyn npoTsroM OCTaH-
HbOMO POKY CUCTEMATUYHO HE NiKyBanucb, enisoanyHo
npuimManu nikapceki 3acobm (ceaaTvBHi, aHTUOKCUAAHTH,
BiTaMiHW, HACTOSIHKY NIMMOHHYIKA, ENeyTePOKOKY, aHarbre-
TWKK ToLLO) Bes TpMBanoro kniHiYHoro edekTy abo B3arani
6e3 byap-Akoro nokpatLeHHs. [lis4ata B 060X rpynax pery-
NSIPHO He 3alimanmce abo 30BCiM He 3aiManmchb ianyHo0
KymnbTypOto Ta CIOPTOM.

Ha nepLumx etanax AOCMIMHKEHHS B CTYAEHTOK i3 NepLUoi
Ta Apyroi rpyn, KpiM MOHITOpyBaHHs AT, BU3Ha4anu nposisu
rinepBeHTUNALIHOMO CUHAPOMY, PiBEHb TPUBOXHOCTI SIK
MapKepiB HaCerMeHTapHIX po3nagis i AesaganTadii.

HeliporeHHy rinepBeHTUNALi B 06CTEXEHNX BU3HA-
ynnu 3a pesynsratamu HemmereHCLKoro onuTyBanbHUKa.
OujHI0BaHHSA 3AiNCHUNM 3@ CTaHAAPTHOK METOAMKO —
5-6anbHoto Lkanoto (Big 0 — Hikonu, 10 4 — gyxe YacTo).
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MiniManbHO Ta MakcuMarnbHO MoxnuBa camy banis — 0 Ta
64 BignoBigHo. PesynbraT TecTyBaHHS i3 cymoto Ganis
<22 BI3HaYanu sk HU3bKY iMOBIpHICTb HasiBHOCTi I'BC; sKLLO
cyma Ganie craHoBuna 223, imoBipHicTb BC ouiHioBanm
Ak BUCOKy. Llen onnTyBanbHuK nepenbayae ouiHtoBaH-
HS OCHOBHWX KniHiYHMX nposiBiB BC: pecnipaTopHux,
KapaianbHUX, raCTPOEHTEPOIONYHIX, NMCUXOEMOLLIAHMX,
HEBPOMOTYHMX, a TaKoX M'A30BMX po3nagis i 3aranbHuX
cumnTomis [14,15].

CTaH TpMBOXHOCTI BM3Ha4anu 3a Lwkanoto Cninbep-
repa—XaHiHa. BuB4anu ctaH ocobUCTICHOT Ta peakTUBHOT
(cMTyaTBHOI) TPMBOXHOCTI, LLO OLHIOBANM OKPEMO: Ans
OLHIOBaHHS PEaKTUBHOI TPUBOXHOCTI — 3annTaHHs Ne 1-20,
ocobucTicHoi — Ne 21-40. [ins iHTepnpeTauii pesynsratis
BMKOPWCTOBYBanM CTaHAapTU30BaHy rpagauito: 0-30 banis
— HU3bKWIA piBeHb TPUBOXHOCTI; 31-45 6aniB — NOMIpHWIA;
noHap 45 6anie — BUCOKMI PiBEHb TPUBOXHOCTI.

B obcTexeHnx BUBYANM TakoXK OCHOBHi MOKa3HUKM
30BHILLIHBOrO AMXaHHS 3a OMOMOrot0 cripoMeTpa Spirolab
(Medical International Research, Itanis). OuiHioBanu oc-
HOBHi MOKa3HWKW 30BHILLHBOIO ANXaHHS: XUTTEBY EMHICTb
nereHb (XKET, mn), hopcoBaHy XUTTEBY EMHICTb NEreHb
(DXKEN, mn), 06’em hopcoBaHOro BUAMXY 3a NepLUy Cce-
kyHay (OPB1, mn) [16].

[nHamivHui CTaH piadparmu BU3HaYanu LUNSXoM Bu-
3HauYeHHs eKcKypcil if NpaBoro Kyrnorna 3a J4onoMOoroto ana-
pata Chison QBIT 5 (Kutan). YnsrpassykoBe ckaHyBaHHs
Aiadpparmy BUKOHanNM nif 4ac CnokinHoro Ta hopcoBaHoro
anxanHs [17].

CratncTnyHe onpavtoBaHHs 4aHUX BUKOHAMNM, 3aCTOCY-
BaBLLIM NaKeT NpuknagHux nporpam Statistica 6.0 (StatSoft
Inc., CLLA).

Pe3yabTati

Y pesynbtati AOCNIMXEHHS BCTAHOBWUMK, LLIO B YCiX CTY-
[EHTOK MepLLOi rpynu, 3a AaHUMU HeliMereHCbKoro onmTy-
BanbHYKa, € 03Hakv [BC. CepepHiii pe3ynsTaT TecTyBaHHs
cTaHoBMB Y HIX 36,50 + 3,67 6ana. Y apyrii rpyni CTygeHToK
3|Al cyma Banis, 3a pesynsTatamu ONUTYBaHHS!, CTaHOBMNA
19,12 £ 1,33 6ana. Lle 4oCTOBIPHO MeHLLE Bif NoKasHMKa,
LLIO BU3Ha4WMV B NepLUiii rpyni obeTexeHux. Y TpeTin rpyni
cyma baniB, Bu3HayeHa 3a HeiiMereHCbKkM OnuTyBanbH-
KOM, TaKOX Hi3bKa | ctaHoBuna 17,17 + 2,64 6ana; pisHuus
MOPIBHSHO 3 APYrOK0 rPYNoto HEBIporigHa.

OnuTyBaHHs, 3ailicHeHe 3a LWwkanoto Cninbeprepa—Xa-
HiHa, BUSIBUNO B AiBYaT MEpLUOi rpyny 03HaKW HapgMipHOT
TpmBoXHOCTI. Tak, y 23,53 % CTyAeHTOK BCTaHOBUMK
HW3bKi NOKA3HUKN HAAMIPHOI CUTYaTUBHOI TPUBOXHOCTI —
28,23 + 0,46 6ana; y 35,29 % piyat 3adikcyBanu nomip-
HWiA piBeHb — 38,32 + 0,52 Gana; y pewTy oci6 (41,18 %)
OAEepXKanum BUCOKI MOKa3HNKM HaAMIPHOT TPUBOXHOCTI —
52,76 + 0,43 6ana. Kpim TOro, y CTyAEHTOK NepLUOi rpyni
BU3HAYMNM HaAMipHY OCOBMCTICHY TPUBOXHICTb: nerka
opma — y 17,65 % ocib, nomipHa — y 47,06 %, TspKKuiA
BapiaHT BusBunM B 35,29 % Bunapkis. OTxe, B NepLLili rpyni
CTY[EHTOK O3HaKW1 HaAMiPHOI TPMBOXHOCTI MOEAHYBaNMCS
3 nposieamu BC, Lo CBIiguMTb MPO CKMagHWiA NaTtoreHe-
TUYHUIA MEXaHI3M NCUXOCOMATMYHUX 3MiH i po3nagwn Haa-
CerMeHTapHNX CTPYKTYp BEreTaTyBHOI HEPBOBOI CUCTEMM.

Y Apyrin rpyni CTyAeHTOK onuTyBaHHA 3a CninGeprepom
nokasano, LLo NPosiBY HaAMIPHOT TPUBOXHOCTI 3ahikcoOBaHO

3anopisbkuin MeguuHuii xxypHan. Tom 26, Ne 2(143), 6epeseHb — kBiTeHb 2024 p.

Tabauusa 1. OkpeMmi nokasHWKK NereHeBoi BEHTUNSALT B CTYAEHTOK 3 igionaTnyHow

apTepianbHOo MNOTEH3IEl0 Ta B [iB4aT KOHTPOILHOI rpynu

bz oo Lo,

2966,75 + 41,20 3192,00 + 35,60
Pizs < 0,05 p,,>0,05
OKEN 2857,90 + 31,50 2946,25 + 42,35
P23< 0,05 p,,> 0,05
00B1 2484,42 + 30,26 2335,60 + 38,15
p,,,<0,05 p,,>0,05

3270,60 + 56,33

2835,56 + 62,50

243851+ 63,24

Tinbku B 67,86 % oci6. 3asHaunmo, Lo nepeBaxarnu nerki
Ta NOMIpHi 3MiHK (Ha BigMIHY Bif pe3ynbTaris, OTPUMaHNX
y nepwin rpyni). Lle cBiguMTb Npo MeHL BUpaxeHy ncu-
XOEeMOLiHY peakTUBHICTb 6e3 crneumndiyHX CMMNTOMIB
HeWpoBereTaTUBHOI rinepBEeHTUAALLI.

Y KOHTPOMbHIl rpyni MOKa3HUKY TPUBOXHOCTi OCTOBIP-
HO HWKYi. Tak, CUTyaTVMBHA TPUBOXKHICTb B LIl rpyni OLiHeHa
sk 20,36 + 0,42 6ana, NOMipHUIA pesynsTaT BU3HAYUIN B
ofiHieT ocobm.

BusBneHi Bunagku HaaMIpHOrO eMOLiHOTO Hanpy-
XEHHSI, CBILOMOr0O YM HECBIAOMOrO BiguyTTs HaAMIpHOI
TPUBOXHOCTi B 0OCTEXEHWX i3 NEPLLOi rpynu MOXyTb ByTn
MapKEPOM pU3IKy hOpPMYBaHHS CYMyTHIX ICUXOCOMATUYHIX
po3nagiB y MaibyTHboMy abo BXe ix HasiBHOCTI.

JocnipkeHHs yHKLii 30BHILLHBOTO AWXaHHS B CTY-
[EHTOK NEepLUOi rpyni nokasano LOCTOBIPHE 3HKEHHS
nokasHukia XKE, DXKEJ, ODPB1 nopiHsHO 3 pesynbrata-
MW, LLIO OAePXani B 06CTEXEHNX i3 Apyroi Ta TpeTboi rpyn
(mabn. 1). 3a3Ha4MMO, LLIO NOKA3HVKM NereHeBOT BEHTUNSALT
B CTYOEHTOK APYroi rpynu BipOriaHO He Bifpi3HANNCA Bif
pe3ynbTariB, OTPUMAHMUX Y AiBYaT i3 KOHTPOMBbHOI rpynu.

Omxe, pesynbrati, ofepxaHi npy nonepegHLoMy
3aCTOCyBaHHi HelMereHcbkoro onuTyBarnbHuKa, MOXYTb
0OMoCepeLiKoBaHO CBIAYMTM MPO MOXINBI BIOXMIEHHS MOKa3-
HWKIB NereHeBoi BeHTUNALT npu |A B OKpeMUX MaLjieHToK i
HeoObXiaHICTb KopeKLii pecnipaTopHUX 3MiH.

3MiHK nereHeBoi BEHTUNSALiT, KONW He BUSBMEHO
naTonorii opraHiB AuxaHHs, B ctyaeHTok 3 IAl cBiguatb
Npo PECTPUKTUBHUIA XapaKkTep MopyLueHb. IMOBipHO, Le
MOB'SI3aHO 3 PO3ragamMy HEMPOBETETATMBHOI perynsuii Ta
CnabKiCTIO AnxanbHUX M'a3iB.

Baxnuea ponb y opMyBaHHi HelporeHHoi rinep-
BEHTUNALI HanexuTb giadparmi, ii PyHKLIOHanbHOMY
CTaHy. PUTMiuHi ckopoueHHs aiachparmu KOHTPOMIOIOTLCS
napacvMnaT!YHOK BEreTaTUBHOI HEPBOBOK CUCTEMOIO,
a il AMCyYHKLUIT HanexuTb Baxnuea ponb y po3suTky IAT

3a faHMK ynbTPasByKOBOTO AOCHIMKEHHS AMHAMIYHOT
yHKuii giacbparmu, B CTyAeHTOK nepLuoi rpymv (n =21) Bu-
SIBUMM O3HAKM CUHAPOMY ii «cTOMMeHHs». [po Le ceigumnu
pesyneTaty ynsTpa3ByKOBOMO CKaHyBaHHS, OCKINbkY, 3a
cTatMCTUYHUMM AaHumiy (mean + SD Ta megjaHa), ekckypeis
Ziacbparmm B CTaHi crnokoto ctaHoBuna 18,29 + 3,26 MM i
20,0 (16,0; 24,0) mm. Lle meHLwe Big pe3ynbTary, Lo oaep-
anu B KOHTPOIbHIN rpyni — 26,82 + 2,32 mm i 27,5 (25,0;
30,0) mm (p < 0,05). B ymoBax ¢hopcoBaHOro AMxaHHs
€eKckypcis kynona giachparmu ctaHosuna 56,86 + 4,35 mm
—Ha 29,08 % meHLUe y AiB4aT NepLLOi rpynu NOPIBHSIHO 3
pesynsTaToM, LU0 BCTAHOBUIN B 0BCTEXEHUX KOHTPOMBHOT
rpynu (80,18 = 3,19 mm; p < 0,05). Lle nigTBepmxye nornu-
6neHHs pecnipaTopHoi ACKYHKLi B yMOBax CTPECOPHOMO
HanpyeHHs B CTyAeHTOK i3 nposisamu BC Ha Tni 3Huxe-
HOro apTepianbHOTO TUCKY.
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Y 26,67 % pisyart apyroi rpynu (n = 15) ogepxanu Taki
pesynstatn (mean + SD Ta megiana) — 20,50 + 3,12 mm
Ta 23,0 (18,0; 25,0) mm. Lle BiporigHo MeHLe 3a nokas-
HWKW EKCKYPCii, BCTAHOBMEHI B AiBYAT KOHTPOMBHOI rpynut.
3a3Haummo, IO pesynbTaT, BU3HaYeHUi B OBCTEXEHNX Y
CTaHi CMOKOK, AOCTOBIPHO HE BiApI3HSIBCA Big Bignosia-
HOTO MokasHuka nepLuoi rpyn. Pasom i3 Tum, B ymoBax
popcoBaHOro AnxaHHs MOKa3HWK eKCKypCii CTaHOBMB
63,5 + 3,0 mm Ta 62,0 (60,0; 66,0) mm. Lle BiporigHo
MEHLLE 3a MOKa3HWK, BCTAHOBNEHWIA Y [iBYAT KOHTPOSb-
Hoi rpynun. Y pewtn (73,33 %) CTygeHTOK Apyroi rpynu
BUXIZHWA NOKa3HWK ekckypcii ctaHosuB 25,82 + 1,35 mm
Ta 26,0 (24,0; 28,0) MM, [OCTOBIPHO He BiApi3HSBCA Bif,
napameTpiB KOHTPOIbHOI rpynu. Y 36,36 % i3 HUX pesynbrar,
OTPUMaHUIn B yMOBaX (HOPCOBAHOIO AMXaHHS, CTaHOBMB
72,00 £ 3,56 mm Ta 73,6 (68,5; 80,0) MM, LOCTOBIpHO
nepeBaxaB CepeHiln MOKasHWK EKCKypCii B CTYOEHTOK i3
nepwoi rpynu (56,86 + 4,35 mm), ane ByB HWXYMM 3a MO-
Ka3HWK KOHTPOSBHOT rpynn. Y pelutut (63,64 %) CTyaeHToK
Apyroi rpynu 3 HOPManbHUMK BUXIOHAMK MOKa3HUKaMU
eKcKypcii diachparmu pesynbrar npu (popcoBaHOMY AUXaHHI
(76,5 % 3,33 Mm) BIipOriAHO He BiApI3HABCA Bif NapameTpis,
L0 ofepxanu y rpyni koHTponto (p > 0,05).

Y 23,81 % CTyOeHTOK i3 MepLuoi rpynu BU3HAYMMK
[OCTOBIpHE MOTOBLUEHHSI M'130BOI YacTuHK diadparmu
npasoro Kynona, wo crasosuno 7,90 £ 0,64 mm. Le
CBIZYMIIO NpO rinepTpodito OKpeEMMX AiNSHOK diadparmu,
ke, iIMOBIpPHO, NOB’A3aHe 3 TPMBANMM NEPEeHanPYXeHHAM
i M'a3iB. Y peLlTy AiB4aT nepLuoi Ta Apyroi rpyn NoKasHuUKu
TOBLYWMHK giacparmu (5,64 + 1,21 mm i 6,05 + 0,78 mm
BiNOBIAHO) AOCTOBIPHO He BiApPi3HANMUCA Bif mapa-
MeTpiB, WO 3adikcyBanu B rpyni 340POBUX CTYAEHTOK
(5,26 £ 1,14 mm).

OTxe, CynyTHS KMiHiYHa CMMNTOMATHKa, BUSIBIIEHa B
cTyneHTok 3 |Al, gocuTb BapiabernbHa i 3anexkuTb He Tinbku
Bif PiBHS apTEPIanbHOrO TUCKY, ane i Bid xapakTepy posna-
[iB HaCcerMeHTapHUX CTPYKTYp i HOBUX chopM aganTauii,
L0 He 3abe3neuyytoTb (i3ionoriYHOro romeocTasy.

06roBopeHHA

HelipoBereTaTyBHUIA KOHTVUHYYM Mif BMVBOM HaaMiPHWX
i TPMBANMX CTPECOPHMX YMHHWKIB NPU3BOAMTL A0 hOpMY-
BaHHS NONICUCTEMHUX (PYHKLIOHaMNbHUX 3MiH i3 NEBHO
BEreTOBICLIEPaibHO CUMMNTOMATUKOO, B aCMeKTi HALLIOro
OOCNIIKEHHS — NOEAHaHHS igionaTYHOi apTepianbHoOi
rinotensii Ta nposeiB BC, HagmipHOi TpuBOXHOCTI. Tak
opmMyeTbCA NaHUor NOB'A3aHWX 3MiH Y CTPYKTYpi Ta
(pyHKLii 0AHOYACHO KiNbKOX OpraHiB i CUCTEM OpraHi3my,
L0 BUSBMAIOTL 3@ 3aranbHUMM NaToqisionoriyHMMK npo-
Liecamu, MexaHiaMamu po3BUTKY | IPOrpecyBaHHs OpraHHuX
YLWKOMKEHD Y «FIMOTOHIYHOMY Kackagi», ki nornuonioTb
pyHKLIOHaNbHI COMATWUYHI MOPYLLIEHHS.

[ins cBOEYaCHOrO BWU3HAYEHHS PU3MKIB XPOHIYHOMO
HK3bKOTO AT, TSPKKOCTI CynyTHIX KNiHIYHUX NOMICUCTEMHIX
po3nagiB i cMMNTOMIB NOTPiGHE AeTanbHe KNiHIKO-HCTPY-
MeHTanbHe 006CTEeXEeHHs nauieHTiB. [na CKpuHiHr-gia-
FHOCTUKM Ta MiABWLLEHHS eeKTUBHOCTI NiKyBaHHs Ta
npoinakTk/ po3BUTKY COMATOBEreTaTMBHUX 3MiH, 30-
Kpema HacrigkiB rinokanHii Ta pecnipaTopHOro ankanosy
B XBOpUX Ha IAl, 4O NPaKTU4HOTO 3aCTOCYBAHHS MOXHa
pekoMeHayBaTV CTaHAAPTU30BaHi ONUTYBAmNbHUKA AnS
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BUSIBIEHHS NCUXOEMOLiIHOT HecTabinbHOCTI, NposiBiB
COMaTohOpPMHOI BereTaTuBHOI AUCAYHKLT, B TOMY YuCTi
'BC, a TakoX iHCTPYMEHTaNbHWUX METOAMK OLHIOBAHHS He
TiNbKW NOKa3HUKIB reMoanHaMiKu, ane 1 NereHeBoi BEHTH-
nawii, ekckypcii giacpparmu. Lle gactb 3amory BU3HauMTH
XapaKTep perynsTopHuX 3MiH i Cocobu KopeKLii BUSIBMEHNX
(PyHKLIOHANBHNX NOPYLLEHD.

BucHoBKH

1. BcTaHoBMEHo, L0 B OKpeMWX CTYAEHTOK 3 igiona-
TUYHOKO apTepianbHOIO MMNOTEHSIE BIU3HaYaOTb po3naan
naTepHy AuXaHHs, WO NiATBEPIXKEHO pesynsTatamu onu-
TYBaHHS, 3HKEHUMM MOKa3HVYKaMW NereHeBoi BEHTURALT
Ta eKckypcii giadparmu.

2. 'Y CTYAEHTOK 3 ifionaTuyHO apTepianbHOMO MinoTeH-
3ieto 6e3 NposiBiB riNEpPBEHTUNALLIHOTO CUHAPOMY MOKa3H-
kv NereHeBOi BEHTUNALIT He Manw BiporigHuX 3miH. BTim, y
YacTUHW JiBYaT Liei rpynn exkckypcis aiadparmm B ymoBax
¢hopcoBaHoro AnxaHHs NOMiIPHO MOCTyManacs nokasHukam,
LLO ofiepxanut y KOHTPONbHI rpyni AiB4aT i3 HopManbHUM
piBHEM apTepianbHOro TUCKY.

3. BcTaHoBneHi yHKLioHanbHi po3naau nereHesoi
BEHTUNALIT Ta ekckypcil giadparmu y AiB4aT HoHaLbKoro
BiKY 3 igionaTuyHO apTepiasibHOK FMNOTEH3IE MOXHa
BU3HAYMTL 5K OfHY 3 popM Ae3apanTallii.

MepcneKTMBM NOAAABLUMX AOCAIAKEHb. BBaxaemo
[OUINbHAM MOLUMPEHHS 3aCTOCYBaHHA METOAMK CKpW-
HiHr-4iarHOCTVKV BEreTOCOMAaTUYHMX MOPYLLEHb Y XBOPUX
Ha ifionaTtuyHy apTepianbHy riNOTEHsil0 AN paHHLOro
BUSIBNIEHHS @nOCTaTUYHKX CTaHiB. [Ins LbOro MOXnuee
BUKOPWUCTAHHS CTaHAapPTU30BaHWX CXEM OMUTYBaHHS.
Lle cnpustume cBoevacHil KOpeKLii BUSBNEHNX 3MiH.
lMponoBxeHHs foCMiMKEHb Y LIbOMY HanpsMi 4acTb 3Mory
06'eKTUBI3yBaTN Ta BiIKOPUryBaTU KOMMEKCHY nporpamy
HopManisauii pecnipaTopHoi GhyHKLUii npu igionaTnykin
apTepianbHil rinoTeHsii.
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OcobanBoCTi HeMpoBereTaTUBHUX NOPYLLEHb
y nauieHTiB 3 iwemiuHolo XBOpo6oIO cepusd
nicAA nepeHeceHoi KopoHaBipycHoi xBopobu COVID-19
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Merta po6oTH - LOCNIQUTY YACTOTY Ta CNEKTP KOTHITUBHIX, TPUBOXHO-LENPECUBHUX, BETETATUBHUX MOPYLLEHD Ta iX B3aEMO3B'S30K
y XBOpUX Ha iemivHy xBopoby cepus (IXC) nicns nepeHeceHoi kopoHasipycHoi iHdekuii COVID-19.

Martepianu i meToau. Y gocnimxeHHs 3anyyeHo 71 xBoporo Ha IXC: ctabinbHy cTeHokapaito HanpyxeHHs |11l ©K (Bik — 69,0 [64,0;
76,0] poky). Y 1 rpyny (ocHoBHy) 3anyumnm 31 xsoporo Ha IXC nicnsi nepeHeceHoro COVID-19; y 2 rpyny (nopiBHsiHHS) — 40 naui-
eHTiB 3 IXC, siki He xBopinu Ha COVID-19. BuaHaunnu cnekTpankHi Ta Yacosi napametpy BapiabenbHocTi cepuesoro putmy (BCP)
3a ponomorot foboBoro MoHiTopyBaHHs EKI™ 3a XonTepom, TpuBoxHO-AenpecvBHi posnaav (TOP) ouiHioBanu 3a 4onomorow
wkanm HADS, KOTHITUBHWIA cTaTyC naLieHTiB — 3a Lwkanoto MoCa.

Pesyabratu. Y xBopux Ha IXC, siki nepeHecnn COVID-19, 3adpikcyBanu BuLLy YacTtoTy BusiBneHHs TP i BULWWIA piBeHb TPUBOTU
(16 [10; 24] npotu 10 [9; 13] Ganis; p < 0,05), aenpecii (14 [8; 20] npotu 11 [10; 12] Ganis; p < 0,05) nopieHsHO 3 NavjeHTamn 6e3
COVID-19. Y xBopunx 060X rpyn BCTAHOBMNEHO NEPEBaXKaHHs TPUBOXHOTO KOMMOHEHTa Haj AenpecyBHUM. Y nauieHTiB 3 IXC, ski
nepexecnn COVID-19, BUSIBNEHO 3HWKEHHS 3aranbHoro 6ana 3a wkanoto MoCa nopieHsiHO 3 obcTexeHummn 6e3 COVID-19 (24 [22;
26] npotw 28 [26; 30] 6anis, p < 0,05). BcTaHOBNEHO 38’5130k MiXX CyMapHWUM piBHEM TPUBOTY, AENPECT Ta BUPAKEHICTIO KOrHITUBHIX
nopyLeHb (r=-0,36, p < 0,05). Y xBopux Ha IXC nicnst nepeHeceHoro COVID-19 B13Hauunm NigBULLEHHS TOHYCY CUMMATUYHOTO
Ta napacumMnaTU4HOro Bia/inis BEreTaTMBHOI HEPBOBOT CUCTEMY NPOTSArOM 106U, 36inbLUeHHs cniBigHowweHHs LF/HF B akTuBHUiA
nepiog, akTMBaLito MOBIMNbHO Aik04MX ryMopanbHUX MeXaHi3MiB perynsLii Ha Tni 30inbLUeHHs CTPeC-iHAeKCy Ta iHAEeKCY LeHTparni-
3auii. B rpyni xsopux Ha IXC nicnst nepeHeceHoro COVID-19 BCTaHOBMNEHO LUMPOKWIA CEKTP KOPENALINHMX 3B'A3KIB MK PIBHEM
TP, KOrHiTMBHMX po3nagis i nokasHukamu BCP.

BucHoBku. Y nauieHTis 3 IXC i nepeHeceHnm COVID-19 3acbikcyBanm 36inbLUEHHS YaCTOTW BUSIBMEHHS], CTyneHs nposieis TOP
i KOTHITMBHUX pO3nagiB, O CynpPOBOMKYETbCA BETETATUBHOI AUCHYHKLIEK Ta NPU3BOAUTL [0 HAMPYKEHHS (PYHKLiOHaNbHO-
aAanTUBHOIO CTaHy CepLEeBO-CYAMHHOI cucteMu. Acolliauis Mk TP, BereTaTMBHUMM Ta KOrHITUBHUMM PO3nafamMu y navjieHTiB 3
IXC nicnst nepereceroro COVID-19 nigTBepmxye CrinbHi NaToreHeTUYHi NTaHKW BUSIBNEHNX MOPYLLEHb.

Keywords:
coronary heart
disease, anxiety,
depression,
cognitive
impairment, heart
rate variability,
autonomic
dysfunction,
relationship.

Zaporozhye
medical journal.
2024;26(2):106-113

106 ISSN 2306-4145 http://zmj.zsmu.edu.ua

Characteristics of neurovegetative disorders in ischemic heart disease patients
after coronavirus disease 2019 (COVID-19)

S. M. Manuilov, N. S. Mykhailovska

The aim of the study. To examine the frequency and spectrum of cognitive, anxiety-depressive, autonomic disorders and their
interrelationship in patients with coronary heart disease (CHD) after COVID-19 infection.

Materials and methods. The study involved 71 patients with CHD, stable angina pectoris FC II-Ill (age 69.0 [64.0; 76.0] years):
group 1 (main) — 31 CHD patients after COVID-19; group 2 (comparison) — 40 CHD patients without COVID-19 history. Spectral
and temporal HRV parameters were assessed using 24-hour Holter ECG monitoring, anxiety-depressive disorders (ADD) — using
the HADS scale, cognitive status of patients — according to the MoCa scale.

Results. CHD patients after COVID-19 had a higher frequency of ADD detection and a greater anxiety level (16 [10; 24] versus
10 [9; 13] points, p < 0.05), depression (14 [8; 20] versus 11 [10; 12] points, p < 0.05) as compared to patients without previous
history of COVID-19. At the same time, the predominance of the anxiety component over the depressive one in patients of both
groups has been revealed. In CHD patients after COVID-19, a decrease in the total MoCa scale score has been found as compared
to patients without COVID-19: 24 [22; 26] versus 28 [26; 30] points, p < 0.05. There was an association between the total level of
anxiety and depression and the severity of cognitive impairment (r = -0.36, p < 0.05). CHD patients exposed to COVID-19 showed
an increased sympathetic and parasympathetic tone of the central nervous system within 24 hours, an increased LF/HF ratio during
the active period, activation of slow-acting humoral regulation mechanisms amid increasing stress index and centralization index.
In the group of patients with CHD after COVID-19, a wide range of correlations between the rate of ADD, cognitive disorders and
HRV parameters has been found.

Conclusions. Patients with coronary heart disease recovered from COVID-19 have shown an increase in the incidence and degree
of ADD and cognitive disorder manifestations which was accompanied by autonomic dysfunction resulting in stress on the functional
and adaptive state of the cardiovascular system. The association between ADD, autonomic and cognitive disorders in patients with
coronary heart disease after COVID-19 has confirmed the common pathogenetic links of the disorders found.
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lwemiyna xBopoba cepus (IXC) € ogHieto 3 NpoBigHNX
npuynH i robanbHoi, i CepLeBO-CyaANHHOI CMEpTHOCTI
He nuwwe B YkpaiHi, ane 1 B ycboMmy cBiTi [1]. 3a gaHnmm
BOO3, 3a octaHHi ABa AECATUNITTA CMEPTHICTb YHac-
nigok IXC 3pocna Ha 23,8 % [1,2]. B YkpaiHi BigcoTok
CMepTHOCTI BHaCNiAoK CepLeBo-CYAMHHOI naTonorii
craHoBuTb 60,36 % Bin 3aranbHOi KinbKOCTi XBOpKX [3,4].
Baxnusy ponb y nigBuLLEHHI LIbOro NokasHuka sigirpana
enigemis kopoHasipycHoi iHdekuii COVID-19 [5]. KoxHa
HoBa «xBuns» COVID-19 npuasoguna 4o 36inbLIEHHS
BiACOTKa NETanbHOCTI, WO B CepefHbOMY CTaHOBWNA
BiZ 9 % A0 24 % BiZ yCiX NPUYMH CMEPTHOCTI NMPOTSATOM
2020-2021 pokis [6].

Bigomo, 1o 15-80 % nauieHTiB BigUyBatoTb HACMigKM
nepeHeceHoi COVID-19: TpuBanuin cuMnToMaTU4HUI
COVID-19 (Big 4 po 12 tuxHiB) i nocT-COVID-19 cuHgpom
(12 TwxHiB i GinbLue) [7,8]. Tak, y nauieHTiB i3 cepLieBo-cy-
OVHHUMW 32XBOPHOBAHHSMW XapakTEPHOK 03HAKOK B
MOCT-KOBIAHOMY NepioAi € HAsABHICTb TPUBOXHO-AENPECHB-
Hux poanagis (TAP) [9,10]. BctaHoBneHo, Lo cuMnTomm
TPUBOMM Ta Aenpecii YacTo BUSBASAIOTb Y CTaLiOHapHUX
nauieHTiB i3 COVID-19: 56 % xBopux, rocnitaniaoBaHmXx i3
nHeBmonieto COVID-19, matoTb fenpecuiHi, a 64 % ocib
— TPVBOXHI NMPOSIBUA Pi3HOTO CTyneHs TskkocTi [11]. Kpim
Toro, Maitxe y 95 % navjeHTi, siki nepeHecnm COVID-19,
BUSIBMANK KOTHITUBHY AMCAYHKLiK: NOPYLUEHHS yBarw,
LUBMAKOCTI 06pobKK iHchopMmaLlii, MoripLIeHHst nam’sTi Ta
BUKOHaBYMX pyHKLUin [10]. HelpokorHiTMBHWUA Aediumnt
BM3HAYAKOTb | B rOCTPOMY nepiogi, i nig yac pemicii — sk
pesuayanbHi ctanu [12].

MatoreHe3 T[P i KOrHiTMBHUX pO3NagiB € 4OCUTb
CKnagHUM. YMOBHO PO3pi3HSOTb TPW OCHOBHI NaHKu:
HelpoMeaiaTopHi, HeMpoMeTaboniyHi Ta CyaWHHI 3MiHW.
B OCHOBI KOrHITMBHOIO AediunTy NexuTb Hacamnepes
ocnabneHHst xoniHepriYHnXx MpoLeciB Sk rONOBHOIO
CWCTEMHOTO MeXaHi3My peanisaLii KorHiTUBHOI pyHKLi [13].
[NopyLUEHHs CUHTe3Y 1 aKTUBHOCTI CEPOTOHIHY, AodaMmiHy
Ta HopaapeHaniHy € HePOXIMIYHIM MeXaHi3MOM PO3BUTKY
emoLinHux posnagis. Kpim Toro, TAP akTuBytoTb rinota-
namo-rinocisapHO-HaAHNPHWKOBY BiCb, TOMY BMMVNBAOTL
Ha HePOCWHTES | HeMPOMACTUYHICTb Y FOSTIOBHOMY MO3KY
[14]. Cepen iHLMX iIMOBIPHUX NATOrEHETUYHNX MEXaHI3MIB
BI3HAYalOTb CUCTEMHE 3amanieHHs Ta BipyC-iHOYKOBaHY
eHpoTenianbHy AUCHYHKLILO 3 NOCMIZOBHUM PO3BUTKOM
Koarynonarii 1 opyLIEHHSIM MexaHi3My TPOMBOYTBOPEHHS
[15,16,17], wo moxe o6TskyBaTV nepebir IXC 3a npuHLm-
MOM «MOPOYHOrO Konay.

HapaseuyaiiHo BanvBMMK Ta BKpaii HeobXiaHUMM €
JOCnimKeHHs 3 oLiHoBaHHS BigdaneHoro Bnmey SARS-
CoV-2 Ha TP i korHiTMBHI doyHKuUii y nauieHTiB 3 IXC ans
onTuMiI3aLlii TakTUKM BedeHHsI Takux xBopwx. HambinbLu
3pYYHi Ta YyTNWBI IHCTPYMEHTH, LLO PEKOMEHOOBaHI ANs
BVKOPWCTAHHS B 3ararnbHOKMIHIYHIA NpakTULi Ans Lboro,
— MoHpeanbcbka KorHiTBHa wkana (Montreal Cognitive
Assessment, MoCa) i locnitanbHa Wwkana Tpusorv Ta ae-
npecii (Hospital Anxiety and Depression Scale, HADS) [18].

HuHi NpogoBXyOTb AOCNIMKEHHS NaTodisionoriYHNX
MeXaHi3MiB MOPYLUEHHS (DYHKLIii BEreTaTMBHOI HEPBOBOI
cuctemm (BHC) y xBopux Ha IXC [19], 3okpema nicnsi
nepeHeceHoi kopoHaBipycHoi xBopobu COVID-19 [20,21].
Bigomo, Wwo BUCOKMIA piBEHb TPMBOMM Ta Aenpecii npu
COVID-19 noB’si3aHwWii 3 aKTUBALLIED CUMMATUYHOI MaHKK

3anopisbkuin MeguuHuii xxypHan. Tom 26, Ne 2(143), 6epeseHb — kBiTeHb 2024 p.

HEPBOBOI CUCTEMMU, LLO CMIPUYUHSIE KOTHITUBHWIA AediLmT
[22]. BcraHoeneHo, wo SARS-CoV-2 mMoxe BpaxaTtu pe-
TUKYNSipHy chopmaLlito CToBOYpOBMX CTPYKTYP, 3MiHI0BaTH
(PYHKLiT MO3KOBUX LIEHTPIB i3 HACTYMHWUM 36inbLUEHHAM
LieHTpanbHWUX CUMNaTUYHKUX NOTEHLianiB i NOripLweHHsM
aBTOHOMHOI perynsuii cepus [23,24]. Kpim Toro, SARS-
CoV-2 Takox MOXe BNMMBaTK 3aBASKM TOKCUH-OMocepea-
KOBaHin abo iMyHHII Aii Ha NOCTraHrMiOHapHi HEiPOHM
BHC; ue 3ymoBntoe 4ofaTkoBe NMOCUNEHHS CUMMNATUYHOTO
BNAMBY Ha cepue [25]. 3a3Haunmo, Lo [o6OBUI MOHITO-
PVHT eneKkTpokapaiorpamu 4ae 3Mory BUsBUTM HebeaneyHi
MOPYLLEHHs! PUTMY Ta NPOBIAHOCT, @ TAKOX BU3HAYNTM 03-
Haku gucdyHkuii BHC Ta amiHu BapiabenbHOCTi cepLeBoro
putmy (BCP), wo moxyTb ByTu Npeavkropamu pantoBoi
CepLLeBOi CMEPTI Ta MaT! HECNPUSTAVBIIA BNSIB Ha NPOrHO3
navjexTis [26].

OcobnwmeocTi TP, HEMPOKOTHITUBHKX i BereTaTnBHNX
nopyLueHb y xBopux Ha IXC nicns kopoHaBipycHOI iHdekwii
noTpebyroTb NPOAOBKEHHST BUBYEHHS ANt PO3POONEHHs
ONTUManbHUX CXEM BigHOBHOTO nikyBaHHs IXC nicns ne-
peHeceHoro COVID-19 y BinganeHomy nepiogi.

MeTa po6oTtu

JocnigunTy yacToTy Ta CNekTp KOTHITUBHMX, TPUBOXHO-Ae-
MPECVBHYIX, BErETAaTUBHMX NOPYLLEHb Ta iX B3AEMO3B 30K Y
xBopux Ha IXC nicnsi nepeHeceHoi KopoHaBipyCHOI iHeKLji
COVID-19.

Martepianu i MeToAU AOCAIAXKEHHA

Y pocnimpkenHs 3anyumnn 71 xeoporo Ha IXC: cTabinbHy
cTeHokapgito HanpyxeHHs |I-IIl ®K (Bik — 69,0 [64,0; 76,0]
poky). MavjenTn nepebysanu nig CnocTepexeHHsaM y Komy-
HarnbHOMY HeKoMepLiHoMY nignpuemcTsi «Micbka nikapHs
Ne 4» 3anopiabkoi MicbKoi paau. XBOpUX NOAINWUAN Ha rpy-
nn:y 1 rpyny (ocHoBHy) 3anyunnu 31 xsoporo Ha IXC nicns
nepeHeceHoro COVID-19 cepenHboro Ta Tshkkoro nepediry
(He paniLLe Hix Yepes 12 TWxHIB); y 2 rpyny (MOPIBHSAHHS) —
40 nauienTis i3 IXC, ki He xBopinu Ha COVID-19.

Jiarnos IXC BepudikyBanu 3a peKoMeHAaLismm
European Society of Cardiology (ESC, 2021) 3 giarHocTviku
Ta NikyBaHHS XPOHIYHOTO KOPOHAPHOTO CUHAPOMY, @ TaKOX
YMHHOTO YHI(HIKOBAHOTO KNIHIYHOTO NPOTOKOIY NEPBUHHOY,
BTOPWHHOI (CrieLianiaoBaHoi) Ta TPETUHHOI (BUCOKOCNELa-
nizoBaHoi) MeanyHoi gonomoru « CtabinbHa iuemiyHa Xeo-
poba cepus» (Hakas MO Ykpainu Big 23.12.2021 Ne 2857).

[JiarHo3 kopoHasipycHoi xsopobu COVID-19 sepudi-
KyBanu, I'pyHTYIOUMCb Ha aHanisi Meau4HOI JOKyMeHTalLii,
MEIMNYHUX KapT CTaLiOHAPHUX XBOPWX, AAHUX BUMMCHWX
enikpu3iB, a TakoX 3a pesyrnsTatamit BUSBMEHHS BipyCy
SARS-CoV-2 meTogom nonimepasHoi NaHLoroBoi peakLii
nig Yac rocnitanisalii 3 HaCTyNHUM KoZyBaHHsSM cepii Ta
HOMepa AOCHIMKEHHS.

KpuTepii 3anyyeHHs B OOCMIGKEHHS — HAsIBHICTb
AokymeHToBaHoi IXC: cTabinbHoi cteHokapaii HanpyxeH-
Ha 111l ®K, nepeneceHoro COVID-19 cepenHboro Ta
Tshkkoro nepebiry 12 i Ginblue TVXHIB TOMY, MMCbMOBOI
iH(bOPMOBaHOI 3roan Ha yyacTb. Kputepii BUKIIOYEHHS —
AjarHocToBaHuii Gyab-SkviA rOCTPUI 3ananbHuiA NpoLec,
cepueBa HepocTtatHicTb Il B-Ill cTagii Ha yac 3anyyeHHs
XBOPOrO Y AOCMMKEHHs, BUSIBNEHi HabyTi Ta BPOMKeHi
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Baay cepus, nepeHeceHuii remopariqHui iHcyneT, Bepudi-
koBaHi bpoHxianbHa actmMa abo XpOoHiYHE 0OCTPYKTHBHE
3axBOPIOBaHHS NereHb, B1paskoBa XBopoba LunyHka Ta
[BaHaAUATANANOI KWKV B CTafji 3aroCTPEHHS!, OHKOMO-
riYHi, NCUXIYHI Ta CUCTEMHI 3aXBOPOBAHHSI, NATONOT| KPOBI,
HUPKOBA Ta NEYiHKOBA HEAOCTATHICTb; 3MOBXMBAHHS anko-
roneM, HapkoTUYHa 3anexXHICTb; BiAMOBA Bif NPUAMaHHS
6a30B0i MeaVKkaMeHTo3HOI Tepanii 3 6yab-5Koi NPUYMHM Ha
Oyab-sKkoMy eTani JOCTIMKEHHS.

Mig Yac pocnimKeHHs AOTPUMYBANMCS MOpabHO-ETHY-
HUX HopM GioeTnku BignosigHo fo npasun ICH/GCP,
lenbCiHcbKOI Aeknapalii npas noguHy (1964 p.), KoneeHuii
Panu €sponu 3 npas nioauHu i biomeauumHm (1997 p.), a
TaKOX YMHHOTO 3aKOHOAABCTBA YKpaiHu.

BusBrneHHs Ta oujiHIoBaHHS cTyneHs TshkkocTi TOP
3aiicHUnM 3a gonomoroto FocniTanbHOI WKanu TprUBoru
Ta paenpecii (HADS). LLkana cknapeHa 3 14 TBepmkeHb,
o chopmytoTb ABi NigLikanu: nigwkana A — «TpuBora»
(anxiety), HemapHi nyHkTm (1, 3, 5, 7, 9, 11, 13); nigwwkana
D - «penpecisi» (depression), napHi nyHkTu (2, 4, 6, 8, 10,
12, 14). KoxHoMy TBEpIKEHHIO BiANOBiAatoTh 4 BapiaHTy
BiANOBIZi, WO NO3HA4aloTb CTYMiHb HAPOCTaHHA CUMI-
TOMaTUKK — rpajaLii BUPaXeHOCTi 03HaKK, i KogyTbCs
3a HapoCTaHHAM TskkocTi cumntomy Big 0 (Hemae) oo
4 (makcumarbHa BupaxeHicTb) 6anis. 3a pesynsratamu
CyMyBaHHs 6aniB KOXHOI NiALLKany BCTAaHOBMOKTb CTYMiHb
BUpaXXeHOCTi TpuBoru Ta aenpecii: 0-7 6anis — Hemae
TpuBorn / penpecii; 8-10 6anis — cybkniHivHa Tpueora /
fenpecisi, 11 i Binblue — kniHivHa TpyBora / genpecis [9).

KorHiTuBHWiA cTaTyc nauieHTiB ouiHoBanu 3a MoHpe-
arnbCbKoK KOrHiTMBHOM Lkanot (MoCa). OnutyBanbHuk
ABNsie o0k OAHOCTOPOHHiNA TecT i3 30 MyHKTIB, 3a SKUMK
OLIiHIOKOTb KOTHITMBHI (PYHKLIi: KOpPOTKOTpUBany nam'sTb i
npuragyBaHHs, NPOCTOPOBO-30PO0BI 3AiGHOCTI, BUKOHABYI
dpyHKLji, yBary, KOHLEHTpALLito Ta onepaT1BHY Nam’siTb, MOB-
NeHHeBI 3Ai6HOCTI, abCTpaKTHE MUCTIEHHS!, OPIEHTYBaHHS
y npocTopi Ta yaci. OujHka Big 26 fo 30 6anis Bignosigae
HOPMi, OLiHKa 25 6aniB i MEHLUE CBiAYUTL NMPO HASBHICTb
KOrHiT1BHoro gediunty [12].

[nsa BcTaHoBneHHs nokasHukis BCP 3actocysanu
anapart ans po6osoro MoHiTopuHry EKI™ «KapaioceHc K»
(XAI-MELMKA, YkpaiHa). JocnimkeHHs BUKOHyBanu npo-
TArom go6u, B A€HHWIA i HiYHWA nepioay. OuiHoBanm YacoBi
Ta CNeKTpanbHi MoKasHUKY, L0 PEeKOMEHAOBaHI poboyoto
rpynoto ESC 3 Bus4eHHs BCP:

— SDNNi - craHgaptHe BigxuneHHst NN-iHTepeanis,
CymMapHUWI NOKa3HWK BapiabenbHOCTI BENWYMH iHTepBRaniB
RR 3a Becb nepioa CnocTepexeHHs;

— mRR - cepegHe 3HayeHHs iHTepeanis RR;

- rMSSD - kBagpaTHUI KOPiHb i3 CymMu KBagparTisB
pisHuui BennumH nocnigosHmx nap NN iHTepsanis, Hase-
[EHWA Y MC;

—HRVT — TpiaHrynsipHui iHgekc, BiGHOLLEHHS 3aranb-
HOI KinbkocTi iHTepBanis R-R Mk cuHycoBuMy KoMnmnek-
camu [10 KinbKOCTi iHTepBaniB, WO NOTpanunuM B Aiana3oH
mozw, Binbusae cymapHy BCP;

— LF — nOTYXHICTb H13bKOYACTOTHOTO CreKTpa Kapgio-
iHTepBanorpam y gianasoni 0,04-0,15 I'u, o po3paxoBaHa
METOZIOM LLIBMAKOTO NepeTBOpeHHs dyp’e, HaBedeHa B Mc?,
XapaKkTepm3aye CUMNaTUYHNIA TOHYC;

—HF — noTy>HiCTb BUCOKOYACTOTHOTO CNEKTPA Kapaio-
iHTepeanorpam y gianasoni 0,15-0,40 I'u, o po3paxoBaHa
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METOZOM LUBIAKOrO NepeTBopeHHs Pyp’e, HaBedeHa B MC?,
XapakTepuaye napacumnaTu4HuiA TOHyC;

— LF/HF - BigHoLEHHS cumnaToBaransHoro GanaHcy,
LU0 pO3paxyBasiu LUMSXOM AiMeHHs MOKa3HMKa NOTYKHOCTI
HW3bKOYACTOTHOIO CNEKTPA Ha 3HAYEHHS NOTY>KHOCTI BICO-
KO4aCTOTHOrO CMeKTpa;

— VLF — noTyxHicTb CnekTpa Ayxe HN3bKOYaCTOTHOMO
KOMMOHeHTa BapiabenbHOCTi y % Bif CyMapHOi NOTYXHOCTI
KONBaHb;

— IC - iHgekc ueHTpaniaauii, Skui xapaktepuaye 6a-
NaHC MiX aKTUBHICTHO CErMEHTAPHOTO Ta HAZICErMEHTapHOTO
KOHTYPIB BEreTaTMBHOIO YNpaBriHHS;

— Sl - cTpec-iHaeKc, Lo nokasye piBeHb LieHTpanisauii
yrpaeniHHS CepLEeBUM PUTMOM (NICUXOEMOLIIHE HanpyXeH-
Hs1, piBEHb (i3ioNorivHOro cTpecy).

CTaTUCTUYHO pe3ynbTaTi onpauBanu Bigno-
BIAHO [0 Cy4yaCHMX BUMOT, BMKOpUCTanu nporpa-
my Statistica 13.0 (StatSoft Inc, CLUA, Ne niueHsii
JPZ8041382130ARCN10-J). [ins nepeBipku rinoTes oo
pO3nogainy KirbKiCHWX MOKa3HWKIB BUKOPUCTanW KpuUTepin
Wanipo-Binka. Ockinbku BCi NpoaHanisoBaHi AaHi He
BiANOBIAANN 3aKOHY HOPMAsbHOTO PO3NOAINY, KiNbKICHI Mo-
Ka3HUK HaBeaeHi K MefiaHa Ta MixXKBapTUNbHUNA iHTepBarn
(Me [Q25; Q75]), siKicHi — sik abCONHOTHI YMcna Ta BiACOTKM
(n (%)). Ons ouiHOBaHHS BIAMIHHOCTEN MiX rpynamu nopie-
HSIHHS BUKopucTanu U-kputepih ManHa—BiTHI. 3icTaBneHHs
rpyn 3a SiKICHOK 03HAKOH, a TaKOX JOCHIIKEHHS YaCTOTU
BUSIBMEHHS] MOKA3HVIKIB BUKOHANM 32 AONOMOTOK KpUTEPItO
X2 3 aHarnisoM Tabnuub cnpsikeHocTi. 3anexHiCTb nokas-
HVKIB BM3HAYanu 3a JOMOMOrOK KOPENALIMHOrO aHanidy
3 0buncneHHsm koedilieHTa kopensuii CnipmeHa (r). Pe-
3ynbTaTy BBAXanW CTaTUCTUYHO 3HadyLummm npu p < 0,05.

Pe3yabTati

Y mabnuyi 1 HaBegeHo okpemi AemorpadiyHi, aHTpono-
METPWYHI i @aHAMHECTUYHI XapaKTEePUCTUKL NauieHTiB i3
rpyn gocnimkeHHs. CTaTUCTUYHO 3HaYYLLMX BiAMIHHOCTEN
3a BikOM, CTaTTH, iHaekcom macu Tina (IMT), piBHeM cu-
CTOMYHOrO Ta AiactorniyHoro aprepiansHoro Tucky (CAT,
[AT), yactoToto cepueBux ckopodeHb (YCC), nepeHeceHnm
iHcbapkTom miokapaa (IM) B aHamHesi Ta 4acToTol BUSIB-
NeHHs haKkTopiB pU3NKY He BUSIBIEHO.

Y pesynerarti onutyBaHHs 3a HADS y nauienTis 3 IXC,
ki nepeHecniv COVID-19, BUSIBNEHO BULLMIA piBEHb TPMBOTY
(16 [10; 24] npotu 10 [9; 13] Ganis; p < 0,05), genpecii
(14 [8; 20] npotu 11 [10; 12] Ganis; p < 0,05) nopiBHsHO 3
nauientamu 6e3 COVID-19. 3ayBaxumo, L0 Y XBOpUX 060X
rpyn BCTAHOBMEHO NepeBaxaHHsl TPUBOXHOTO KOMMOHEHTa
HaZ AenpecuBHIM.

Y nauienTi 3 IXC, ski nepeHecnn COVID-19, BcTta-
HOBMeHO Binbluy yacToTy BusiBNeHHs TOP nopisHAHO 3
xBopumm 6e3 COVID-19 B aHamHesi. Tak, B OCHOBHIl rpymi
KMiHIYHO BUpaxeHy Tpueory 3adikcysanuy 87,09 % navlieH-
TiB, a rpyni nopieHsiHHS — B 15,00 % (x? = 0,606; p < 0,001).
KniiuHo BupaxeHa aenpecisi BusiBnena y 45,16 % nauieH-
TiB 3 OCHOBHOI rpynu Ta 27,5 % XBOPWX i3 rpynM NOPIBHAHHS
(¥*=0,234; p <0,05). 3a 4acToTOK BUSIBIIEHHS CYOKMiHIYHO
BUpaxeHoi Aenpecii rpynu AOCMIMKEHHs! CTAaTUCTUYHO He
BigpisHanuce (x2 = 0,466; p < 0,05), BU3Ha4eHa TeHAEeHLs
LLOA0 3BinbLUEHHS YaCTOTU CyOKMIHIYHO BUPaXEHOi TPUBOTU
y xBopux Ha IXC (mabn. 2).
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Tabauus 1. KniniyHa xapaktepucTuka xBopux Ha IXC 3anexHo Big HasisHocTi COVID-19 B aHamHesi, Me [Q25; Q75], n (%)

Moka3Hu1K, OAUHULI BUMiIpIOBaHHSA 1 rpyna 2 rpyna
IXC + COVID-19, n = 31 IXC, n=40

Bik, poku

Yonosiku, n (%)

XKinku, n (%)

IMT, kr/m?

TpueanicTb IXC, poku
OcpicHuit CAT, MM pT. CT.
OcpicHuit JAT, Mm pr. cT.

YCC, yn./x8

IHdbapkT Miokapaa B aHamHesi, n (%)
linepToHiyHa xBopoba, n (%)
Llykposuii piabet 2 Tuny, n (%)
OxupiHHS, n (%)
THOTIOHOKYPIHHS, N (%)
dibpunavis nepeacepab, n (%)

70,0 [64,0; 75,0] 68,0 [64,0; 76,0]
12.(38,71 %) 18 (45,0 %)

19 (61,29 %) 22 (55,0 %)

30,64 [26,07; 39,75] 29,24 [21,95; 30,38]
1118; 18] 18[11; 23]

140 [135; 157] 140 [130; 147]

82 [80; 90] 80 [77; 90]

76,0 76,0; 80,0] 74,0[65,5; 76,0]
7(22,58 %) 11(27,50 %)

7 (22,58 %) 14 (35,00 %)
6(19,35 %) 6 (15,00 %)

17 (54,84 %) 18 (45,00 %)
8(25,81%) 14(35,00 %)
4(12,90 %) 6 (15,00 %)

Tabauusa 2. YacToTta BUSIBNEHHs! TPUBOXHO-AeNpecBHUX poanagiB 3@ HADS y xeopux Ha IXC 3anexHo Big HasisHocTi COVID-19 B aHamHesi, n (%)

1 rpyna 2 rpyna
IXC + COVID-19, n =31 IXC, n=40

Hemae TpuBoru (Hopma) 2 (6,45 %) 24 (60,00 %)
Hemae penpecii (Hopma) 9 (29,03 %) 19 (47,50 %)
Cy6kniHiyHO BUpaxeHa TpuBora 2 (6,45 %) 11(27,50 %)
Cy6KriHiYHO BUpaXeHa Aenpecis 8 (25,81 %) 10 (25,00 %)
KniHiuHo BMpaxeHa TpuBora 27 (87,10 %) 5 (12,50 %)
KniHiuHo BMpaxeHa aenpecis 14 (45,16 %)* 11 (27,50 %)
*: BiporigHa pisHuus Mix 1 Ta 2 rpynioto (p < 0,05) 3a kputepiem X? MipcoHa.
i Yac ouiHIOBaHHS KOTHITUBHOIO CTaTyCy 3a LLKarnow
MoCa y nauienTis 3 IXC, ski nepeHecnu COVID-19, BusiB- 100 %
NEHO 3HWXEHHS 3ararnbHoro 6ana nopiBHAHO 3 XBOPUMY . 15%
6es COVID-19 B aHamHesi: 24 [22; 26] npotn 28 [26: 90%
30] 6anis (p < 0,05). HanbinbLuy pisHuLIO MiX rpynamu 80 %
BMU3HAYMNK 3a Wkanamm «Mam’atb», «MoBneHHs», «Opi- 70 %
EHTYBaHHS». 65 %*
Y 6inbwocTi nauieHTiB 3 IXC, koTpi nepeHecnu 60 %
COVID-19, BusIBNEHO NOMIpHE 3HWXEHHS KOTHITUBHOI 50 %
yHkuii —y 23 (74,19 %). 3asHaunmo, Lo 36epexeHy Kor- 40 %
HITWBHY doyHKUito (MoHaz 26 6anis 3a MoCa) Bu3Haumnmn y
8 (25,81 %) nauienTiB. Y xBopux Ha IXC 6e3 COVID-19 B 30 %
aHaMHe3i KOTHITUBHUI AediuunT BUSBNSANM LOCTOBIPHO 20 % 349
pipwe —nuwe 6 (15,00 %) Bunagkis; 30epexeHy KOrHITMBHY 10%
yHkujto 3acbikcoraHo y 34 (85,00 %) navuienTis (x2 = 0,513, 09
0
p <0.001) {puc. 7). IXC+ COVID 19 IXC

BusiBnv 3BOPOTHMI KOpENnALLiHWI 3B'A30K CEPEAHBOI
CUY MiXX CyMapHUM piBHEM TpUBOTK, Aenpecii Ta Bupa-
XKEHICTIO KOTHITUBHMX nopyLeHb (r = -0,36, p < 0,05). Lie
CBiAYNTb NPO HEraTUBHWIA B3AEMHWIA BNMB TPUBOXHO-Ae-
MPECVBHUX MOPYLLIEHb i KOTHITUBHOTO AedilinTy B NaLjiEHTIB
3 IXC i nepeHecerHum COVID-19.

IMokasHuky BapiabenbHOCTI CepLEBOro puTMy Y XBOPHX
Ha IXC 3anexHo Bifa HasiBHOCTi B aHamHedi COVID-19 Hase-
[eHo B mabnuyi 3. Y pesynbrati aHanisy YacoBwx napave-
Tpi BCP i B aKTMBHWIA, | B NAaCMBHMI NEpioan CTaTUCTUYHO
BIPOTiAHOI Pi3HMLI rpynamm He BUSBUIN.

AHanis cnekTpanbHux nokasHukis BCP B akTusHWi
nepiof Nokasas: y XBOPUX OCHOBHOI rpynu 3adhikcoBaHo o-
CTOBipHe 36inbLUeHHs LF, Lo xapakTepnaye cumnaTuyHuii
TOHyC (Ha 60,08 %; U =296,0, p <0,01), Ta HF, wo onucye
napacumnaTiyHui ToHyc (Ha 25,86 %; U = 338,0, p < 0,05).

MoMipHMIN KOTHITUBHWIA AediunT

B Hemae KorHiT1BHOro gediumnty

Puc. 1. YacToTa nposiBiB KorHiTMBHOI AncyHkuii y navuientis 3 IXC, ski neperecnin COVID-19.

*: BiporigHicTb pi3Huui Mix 1 Ta 2 rpynoto (p < 0,05) 3a kputepiem X MipcoHa.

BcranoBunm Takox BiporigHe 30inbLUEHHS CMIBBIAHOLWEHHS
LF/HF gk HaiyyTnmBILIOrO nokasHnka BereTaTueHOro ba-
naHcy — Ha 24,13 % (U = 336,0, p < 0,05). BctaHoBneHo
3pocTaHHsa cTpec-iHgekcy (Sl) B 1,84 pasa (U = 388,0,
p < 0,05), a Takox NigBULLEHHS iHAEKCY LeHTpanisauii
(IC) B 1,42 pa3a (U = 388,0; p < 0,05) y nauienTiB 3 IXC i
nepeHeceHum COVID-19.
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Tabauus 3. MNMokasHukn BapiabenbHOCTi cepLeBoro putmMy y xBopux Ha IXC 3anexHo Big HasisHocTi COVID-19 B aHamHesi, Me [Q25; Q75]

Moka3Hu1K, OAUHWLI BUMipIOBaHHSA 1 rpyna 2 rpyna
IXC + COVID-19, n = 31 IXC, n=40

AKTUBHMIA nepioa
mRR, mc
SDNNi, mc
rMSSD, mc
rMSSD, %
HRVT

HF, mc?

LF, mc?

LF/HF

VLF, mc?

Sl, ym. og.

IC, ym. op.
MacuBHui nepioa
mRR, mc
SDNN-iHaekc, Mc
rMSSD, mc
rMSSD, %
HRVT

HF, mc?

LF, mc?

LF/HF

VLF, mc?

S, ym. op.

IC, ym. op.

865,0 [734,0; 931,0]
38,4 [24,7,56,3]
17,0 [10,0; 25,0]
2911,0;2,9]
18,1[15,1; 29,3]
116,0 [67.0; 293,0]*
466,0 [110,0; 876,0]*
29[1,7; 4,5

589,0 [354,0; 790,0]*
376,0 [299,0; 587,0]*
0,90 [0.6; 1,3]*

967,0 [805,0; 1083,0]
29,0 [24,0; 46,0]

21,0 [7,0: 53,0]
2,0[05;12,2]
17,5[10,5; 48,0]

4140 [95,0; 1322,0]*
555,0 [161,0; 1723,0*
23[12:3.2]

1494,0 [405,0; 2335,0]*
342,0 [267,0; 540,0]*
0,7[05;1,1]

841,0 [729,0; 830,0]
32,4[23,0;42,2]
18,0 [15,0; 25,0]
1,110,2;29]

15,7 [14,0; 22,0]
86,0 [37,0; 187,0]
186,0 [41,0; 364,0]
22[1,1;24]

439,0 [245,0; 589,0]
204,0 [178,0; 254,0]
0,63[0.4; 1,1]

961,0 [847,0; 1053,0]
33,0[16,9; 46,6]
21,0[14,0; 33,0]
1,4[0,5;10,9]
11,919,3; 17,5]
175,0 [54,0; 555,0]
110,0 [50,0; 406,0]
16[1,3;2,1]

545,0 [138,0; 913,0]
201,0 [167,0; 234,01
05[0,4;0,7]

*2 BiporigHicTb pisHuLi Mix 1 Ta 2 rpynoto (p < 0,05) 3a U-kputepiem MaHHa—BiTHi.

Tabauua 4. KopensiUiiHi 38's13kn TPUBOXKHO-AENPECUBHUX, KOTHITUBHUX MOPYLLUEHb i CekTpanbHux napametpis BCP y nauieHTis 3 IXC i nepeHeceHum

COVID-19

Moaauns, ol sviposasn Ko e

AKTUBHMIA nepioa

HRVT r=+0,21 r=-0,05 r=+0,01
HF, mc? r=+0,29* r=+0,14 r=+0,30*
LF, mc? r=+0,13 r=+0,02 r=+0,31*
IC, ym. op. r=+0,29* r=+0,03 r=+0,13
Sl, ym. og. r=+0,48* r=+0,46* r=+0,02
NacuBHui nepioa

HRVT r=+0,23 r=+0,27* r=+0,35*
HF, mc? r=+0,25* r=+0,34* r=+0,17
LF, mc? r=+0,29* r=+0,36* r=+0,27*
IC, ym. op. r=+0,23 r=+0,31* r=-0,10
Sl, ym. og. r=+0,48 r=+0,44* r=+0,20

*1p<0,05

Y nacviBHUIA Nepiog, BU3HayeHa nofibHa CnpsiMOBaHICTb
3MiH cnekTpanbHux nokasHukis BCP. 3okpema, BcTaHOBWN
[0CTOBIpHE 30irbLLUEHHS! BiAHOCHOT aKTUBHOCTI NiAKIPKOBOTO
cumnatnyHoro LF (Ha 80,18 %; U = 342,0, p < 0,05) Ta
napacumMnaTyHoro HepeoBsoro LeHTpy HF (Ha 57,73 %;
U =338,0, p <0,05), TeHaeHLjto [0 36inbLUEHHS cniBBiAHO-
weHHs LF/HF (Ha 30,43 %). Kpim Toro, B nacusHuii nepiof
BUSIBNEHO BiporiaHe 3binblueHHs VLF, sikuii xapakTtepusye
aKTUBHICTb MOBIMbHO Ait0YMX TyMOpasribHUX MexaHi3MmiB
perynsiuii cepueBoro putMy Ta Aae 3mMOry OUiHUTK CTy-
MiHb BNIMBY HeiporymopanbHux daktopis (Ha 63,52 %;
U =224,0, p<0,01). 3achikcoBaHo Takox 3pocTaHHs Sl B
1,7 pasa (U = 388,0; p < 0,05) Ta nigsuwenHs IC B 1,4 pasa
(U=2388,0, p<0,05). Lie cBig4MTL NP0 3Ha4HE HaNpyXeHHS
(pyHKLiOHaNbHO-aJaNTUBHOMO CTaHy CepLEeBO-CYAUHHOT

110 ISSN 2306-4145  http://zmj.zsmu.edu.ua

CYCTEMM Ta NEPEBaXaHHs aKTUBHOCTI LIEHTparbH1X Mexa-
Hi3MiB perynsuii Haz aBTOHOMHAMW.

Y rpyni xBopux Ha IXC nicna nepeHeceHoro
COVID-19 BCTAaHOBMEHO LUMPOKWIA CMEKTP KOPENsLiNHUX
3B’A3kiB Mix piBHem TP, KorHiTMBHUX po3nagis i nokas-
Hukamn BCP, o xapaktepusytoTb CTaH cMMnaTuyHoi Ta
napacumnariyHoi naHok BHC i B akTUBHWIA, i B nacyBHMI
nepiog (mabn. 4).

Ha BigMiHy Bif XBOpUX 3 OCHOBHOI rpynu, Y NaLieHTiB
3 IXC 6e3 COVID-19 cTaTMCTUYHO 3HAYyLLWiA NPsSMUiA
KOPEnALifiHNA 3B’A30K MK CTAHOM KOTHITUBHOI (DYHKLi
Ta CrekTpanbHMMK nokasHukamy BCP BusiBneHo nuwe B
nacusHuii nepioa: HF (r = +0,33; p < 0,05), LF (r = +0,34;
p<0,05), VLF (r=+0,38; p <0,05). B3acmo3s'a3ok mix TOP
i nokasHukamm BCP y uiin rpyni He BusiBneHo.
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06roBopeHHsA

Bigomo, Lo TPMBOXHO-AENPECUBHI CTaHU BHACMIAOK aKTh-
BaLlii cMMNaTUYHOI NaHKV aBTOHOMHOI HEPBOBOI CUCTEMM,
iHAYKUiT HU3bKOIHTEHCMBHOMO CMCTEMHOTO 3ananeHHs,
BNMVBY Ha eHAoTenianbHy ANCHYHKLH Ta arperaLiio TpoM-
6ouuTiB BigirparoTb CaMOCTIlHY NaTodi3ionoriyHy ponb y
nporpecyBaHHi cepLeBO-CyAMHHOI NaTonorii, Hacamnepes
IXC [27]. Y HaLwin poboTi BCTAHOBNEHO 30iNbLUIEHHS YacTOTK
BUSIBITEHHS] Ta BUPaXXEHOCTi CYMNTOMIB TPUBOXHO-ENpe-
CVBHWX PO3M1afiB i3 NepeBaXaHHSM TPUBOXHOMO KOMMO-
HeHTa y xBopyx Ha IXC i3 nepeHeceHor KOpoHaBipyCHOK
xsopoboto COVID-19. Mogi6Hi gai otprmany Minglan Wu
et al. [28]. 3okpema, [OCTIOHVKN BUSBUNW NepeBaxaHHs
TPUBOXHOTO KOMNOHEHTA HaZ AEeNPECVBHUM Yy NMOCT-KOBIA-
HOMY nepiogi.

Bigomo, Lo BULLMI piBEHb TPUBOMY Y NALIEHTIB i3 kap-
JioBackynsipH1Mm 3axsoptoBanHsMy Ta COVID-19 nos'ssa-
HW 3i CTPaXOM NOTiPLLEHHS 3arafibHOM CTaHy, coLliasibHO
i3onsuieto, a TakoK MeaNYHUMI BTPYYaHHSMW NPOTAroM
nikyBaHHs! B rocTpomy nepiogi. Baxnmsum Helporymopanb-
HUM MexaHi3Mom po3BuTKy TP y Lmx nauieHTiB € BNnvB
PeHiH-aHr0TEH3MHOBOT CUCTEMM Ha Nepebir HEMPOIMYHHNX
NPOLIECIB, MOB’A3aHMUX i3 PO3BUTKOM MCUXOBEreTaTUBHUX
nopyLUeHb. okasaHo, Lo 3HWXeHa perynsauisa ekcnpecii
ACE-2 np13soanTb 40 NOCUIEHHS CUMMNATUYHOT aKTUBHOCTI,
3MEHLLEHHS! MOTNMHAHHS TPUNTO(aHy, 3HWXKEHHS PiBHS
5-rippokcutpunTamity (5-HT, cepoToHiHy) y MO3Ky, a oTxe
iCTOTHO MOCWITIOE BPA3NMBICTb NCUXIKM 1O CTPECOBMX YMOB.
Kpim Toro, rinotanamiyxi peuentopu ACE-2 BnnvBatots Ha
CVHTE3 KOPTUKOTPOMiH-puniuHr-ropmoHa (CRH), sikuii 6epe
yyacTb y gisionoriyHiv peakLii Ha ctpec. OCcTaHHiIN LWISXOM
HEraTMBHMX MEeXaHi3MiB 3BOPOTHOMO 3B’A3KY BMMMBAE Ha
6iOCMHTE3 MMIIOKOKOPTUKOIAIB, CMIPUUUHSIKOYM HE NULLE MO-
CUNEHHS ayTOIMYHHUX NPOLECB, arne 1 NigBrLLYIOYM pU3NK
[0[aTKOBOIO YpaxeHHs1 HEMPOHIB LieHTparibHOi HepPBOBOI
cuctemu [29].

Y cyyacHiii HaykoBilh NiTepatypi 3 SBnseTbCA Bee Birnb-
LLIe BiZOMOCTEN NPO MOTIPLLEHHS CTaHY KOrHITUBHUX (PYHKLLi
y nauienTis, ski neperecnim COVID-19, y pisHi nepiogm
3aXBOPIOBAHHS 3aneXHO Bif IOr0 TSXKKOCTI, BiKy XBOPWX,
xapakTtepy cynyTHboi natonorii Towo [8,30]. 3a gaHumMu
focnimkeHHs A. Jaywant et al., 6inbLuicTb nauieHTiB, ki
nepeHecnu COVID-19, MatoTb NOMIPHUIA KOTHITUBHWIA Ae-
hiumT, WO 30eBiNbLIOro BUSIBNAKOTL 3a NOPYLLEHHSIM yBaru
Ta BUKOHaBMX yHKLi [31]. Lle 36iraeTbes 3 pesynsratamu
HaLLOro JOCHIIKEHHS.

BBaxatoTb, L0 NpU4rHaMM1 KOTHITUBHOTO AediuunTy €
nepeayciMm HelpoBackynsipHa AMCKHYHKLIs, NOB’A3aHa 3
TPWBAsIOHO iMOKCIE, aKTUBALIE CUCTEMHOIO 3anarneHHs,
MiABULLEHHAM PiBHS (hIBPUHOrEHY, Npo3ananbHUX LIMTOKIHIB,
LLIO MPM3BOANMTB [10 AMCperynsLii 6aratbox TUMiB HEMPOHHUX
KNITUH, NOPYLLEHHS rOMeocTasy Ta NNacTUYHOCTI MIENiHY,
iHOYKLUii HEMPOTOKCUYHOT PEaKTUBHOCTI aCTPOLIUTIB, MPUrHi-
YeHHS PYHKLT HEMPOHHMX NaHutoris [32].

Baxnusy ponb y po3BUTKY KOTHITUBHOTO AediuuTy
nicna nepeHeceHoro COVID-19 sigirpatote TAP. Lle nig-
TBEPIKEHO BUSIBIEHUM Y HALLIOMY AOCTIiIKEHHI 3BOPOTHNM
KOpensLifiHAM 3B'13KOM MiXX CyMapHUM pIBHEM TPUBOTH,
[enpecii Ta BAPXKEHICTHO KOTHITMBHUX NOPYLLEHb Y XBOPNX
Ha IXC i3 nepeHecenum COVID-19. Taki acoujauii BCTa-
HOBMeHi i B iHWMX JocnimkeHHax [30,33]. Tak, 3a gaHUMm
K. W. Miskowiak et al., KOrHiT\BHI NOpyLLEHHS i NOB’A3aHe
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3 HUMM 3HWXEHHS SIKOCTI XKWUTTS acOLLIOBANNCS 3 BULLMM
piBHEM TPUBOTW i [enpecii, Lo BUABNEHO Y BinbLuocTi na-
LiEHTIB Yepes YoTMpK MicsLli MiCNs BUNUCKY 3i CTalioHapa
[33]. ABTOpM Haronocunu, O BCTAHOBMEHNIA 3B'A30K Mae
[BOCNPSMOBAHUI XapaKTep: BUPaXKEHi KOTHITUBHI Mopy-
LUEHHS MOCUITIOTb TSBKKICTH TPUMBOTM W Aenpecii Yepes
TPYAHOLLi 3 NOAONAHHSAM KOTHITUBHUX MPOGrem y noBCsK-
[EHHOMY XMTTi, @ BUpaxeHi CUMNTOMU TPUBOTU 11 Aenpecii
MOripLUYOTb PE3ynbTaTh KOTHITUBHWX TECTIB.

Y naujieHTis i3 cepLeBo-CyANHHUMM 3aXBOPHOBAHHAMM
Ta nepeHecerHnm COVID-19 BinoMo Npo HeraT1BHUIA Npo-
rHO3 [5,7]. BTiM, akTyanbH1UM 3aiuLLaeTbCs BUBYEHHS Na-
Todhi3ionorii perynsaTopHUX MexaHi3MiB cepLeBo-CyANHHOI
cvcTemu nicnst iHgpikyBaHHA SARS-CoV-2 Ta B3aEMO3B'A3Ky
BCP i3 HE/pOKOTHITUBHUMM MOPYLUEHHAMW Y NaLjieHTIB
i3 cynytHboto IXC. Tak, y gocnigxenni D. Acanfora et al.
BCTAHOBMEHO, L0 Y navieHTiB 3 IXC ta long-COVID-19 cno-
cTepiranu BereTaTMBHY AUCAYHKLIO, WO NiATBEpAXEeHa
3miHamu cniegigHoweHHs LF/HF, nokasHukis LF, HF i
VLF [34]. Lli nopyLLeHHs NOSICHIOTLCSA HEMPOTPONIHHAM
BMNMMBOM BipyCy, @ TakOX NiABULLEHHSM MPOKOArynsiHTHOI
aKTWMBHOCTi Ta HASIBHICTHO XPOHIYHOIO 3ananbHOro NPoLiecy.

Y pocnimxenHi B. 3. HeTsbkeHka Ta criBaBT. BCTaHOBMNE-
HO 3HVKeHHs 3aranbHoi BCP Ta nocnabneHHs akTMBHOCTI
napacumnariyHoi naHku BHC [35]. HatomicTb y Haliomy
[OCTIDKEHHI BU3HAYMV NiABULLIEHHS TOHYCY | CUMNATUYHO-
ro LF, i napacumnatiyHoro HF HepBOBOTO LIEHTPY NPOTArOM
Ao6u. Lie MoxHa nosiCHUTY BUpaxeHiLumu nposisamv TAP,
L0 NpU3BOAATL [0 3pOCTaHHS BEreTaTUBHOI aKTUBHOCTI
Ta, SIK HAacnigoK, pU3NKy PO3BUTKY apUTMIYHUX NOpYLLEHb
i panToBOi cepLieBoi cmepTi B naujeHTiB 3 IXC i nepeHe-
ceHnm COVID-19, a Takox cBia4aTb NPoO XpoHisaliio Ta
nponoHrauito nepebiry TAP [36]. Lii pesynbratu sictasHi 3
JaHnMu, Lo ofepaHi B gocnimkerHi D. Acanfora et al., e
TaKoXx 3achikcoBaHo 36inbLUeHHs nokasHukis LF, HF i cnis-
BigHoweHHs LF/HF, Wwo xapakTepnaye cumnaroBaranbHui
aucbanaHc. OgHoYacHe nigBuLLEHHs nokasHukis LF i HF
MOSICHIOETLCS DeTa-aapPEHEpriYHO CTUMYNALiEtO Ta 3Binb-
LLEHHSIM BUBIfTbHEHHS! KATEXOMaMIHIB, LLIO CYNPOBOKYETHCA
aKTUBaLliet Npo3ananbHUX NPOLECiB, a NiABULLEHHS napa-
cvumnaTyHoi naHkv npu long-COVID-19-cuHapomi caigumnTb
Mpo NOCTYNOBE OAYXaHHS naLieHTiB [34].

Mig vac aHaniay nokasHukisa BCP mu BusiBunu 36ins-
LIEeHHs! iHaekcy cTpecoreHHocTi (Sl) Ta iHaekcy ueHTpa-
nizauii (IC), Wwo cBigYMTb MPO 3HAYHE NEPEBAHTAKEHHS
BEreTaTMBHIX PETYNATOPHWUX CUCTEM i JOMiHYBaHHs napa-
CMMNAaTUYHOI NNaHKN. BUHVKHEHHS aBTOHOMHOI Ancperynsuii
moxe 6ytn nposisom came long-COVID-19-cuHapomy, B
skoMy 6epyTb y4acTb npo3anarbHi LMTOKIHK, LLO CPUYMHS-
10Tb HEraTMBHWI BB Ha BararbHy CTUMYMALiLO 3aBASKA
ayToiMyHHUM MexaHiamam [37]. Lie MoxHa nosicHUTH TUMm,
wo Bipyc SARS-CoV-2 ypaxae peTukynsipHy dopmadio
CTOBOYPOBMX CTPYKTYP i MPU3BOAUTL A0 30inblUeHHS
LIEHTPanbHUX CUMNATUYHUX NOTEHLaniB 3 MOpPYyLUEHHAM
aBTOHOMHOI perynauii cepug [38].

Y HawoMy LOCMiDKEHHI BCTAHOBIMEHO HWU3KY Kopens-
LiNHMX 3B'A3KiB MiX piBHEM T[P, KOrHiTMBHUX po3napis
i cnekTpanbHUMKM nokasHukamu BCP i B akTvBHUIA, i B
nacvsHuin nepiod. Lo 3anexHicTb NOSCHIEMO TUM, LLO
CinbHo naToreHeTU4Hoto naxkoto ans IXC i COVID-19 ¢
JesapanTauis BHC, Wwo acouitoBaHa 3 BULLIOK iHTEHCUBHIC-
THO NPOSIBIB TPMBOTM Ta AENpPECii, 3HKEHHAM KOrHITUBHUX
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3nibHoCTel! i, SIK Hacnigok, ripluuM BiaAaNeHUM KniHIYHAM
MPOrHO30M XBOPUX [28].

BucHoBKH

1. MNopisHsiHO 3 nauieHTamu 6e3 COVID-19, y xBopux
Ha IXC, siki neperecnn COVID-19, B1siBneHo 36inbLUeHHs
4acTOTU BUSIBINEHHS Ta PIBHS NPOSIBIB TPUBOXHO-AENPECUB-
HWX PO3NagiB i3 NepeBaxaHHSM TPUBOXHOTO KOMMOHEHTa
HaZ AenPEecUBHUM, LU0 CYNpOBOMAKYBANOCh 30iMbLIEHHAM
4acTOTW Ta BUPEXKEHOCTi KOTHITUBHUX MOPYLLEHb.

2.'Y xBopwx Ha IXC nicnst nepeHeceHoro COVID-19 cro-
cTepirany NiABULLEHHS TOHYCY MIAKIPKOBOrO CUMMaTUYHOMO
LF i napacumnatuyHoro HF HepBOBOrO LIEHTPY MPOTArOM
[061, aKTUBALLitO MOBINBHO Ai04MX r'yMOparibHUX MEXaHi3MiB
perynsuii VLF y nacveHWin nepiog Ha Tni 36inbLUeHHs iHaekcy
CTpeCcoreHHOCTi Ta iHAeKcy LieHTpanisadii. Lie cBiguuTb npo
3HaYHe HampyxeHHs (yHKLIOHaNbHO-aAaNTUBHOMO CTaHy
CepLEBO-CyAMHHOI CUCTEMU | NepeBaxaHHs akTUBHOCTI
LIEHTPanbHUX MEXaHi3MiB perynsuii Hag aBTOHOMHUMM.

3.Y pesynbraTi KOpensuinHOro aHanisy BUSABUMN
[OCTOBIpHY acouiallito M TPUBOXHO-AENPECUBHUMM,
KOTHITVBHMMMW po3faiamy Ta BereTatvBHOK Aucperyns-
uieto y nauientie 3 IXC nicna nepexeceHoro COVID-19.
Lle nigTBepmxye cninbHi NnaToreHeTUYHI NaHKN BUSIBIEHNX
MopyLLUeHb.

MepcneKTMBM MOAAABLLIMX AOCAIAKEHb MONSAraTh Yy
BWBYEHHI epeKTUBHOCTI KOMMIEKCHOro NnikyBaHHs IXC nicns
nepeHeceHoro COVID-19, wo cnpsiMoBaHe Ha KOpeKL;to
MCUXOBEreTaTUBHX i HEMPOKOTHITUBHIX MOPYLLEHD.
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The aim of the study was to examine serum levels of liver and intestinal fatty acid-binding proteins (L-FABP and I-FABP), fecal
numbers of Bacteroidetes (B) and Firmicutes (F) in patients with metabolic-associated fatty liver disease (MAFLD) in combination
with type 2 diabetes mellitus (T2DM) and small intestinal bacterial overgrowth (SIBO) syndrome.

Materials and methods. The prospective, interventional, randomized study included 51 patients with MAFLD in combination with
T2DM, who were examined and divided into 2 groups. Group 1 consisted of 24 patients with MAFLD and T2DM without SIBO.
Group 2 was comprised of 27 patients with MAFLD in combination with T2DM and SIBO. The control group included 20 apparently
healthy individuals. Serum levels of L-FABP and I-FABP were measured by ELISA method using the Human L-FABP and I-FABP
ELISA Kit test systems, respectively (Elabscience, USA). Fecal numbers of B and F were determined by real-time PCR. Bacte-
rial DNA was detected in a thermal cycler Rotor-Gene 6000 (QIAGEN, Germany) using DNA 16S rRNA primers and NanoDrop
ND-8000 reagents (Thermo Scientific, USA).

Results. To assess the state of intestinal permeability, serum levels of L-FABP and I-FABP were examined and numbers of phylum
F and B as well as their ratio were calculated. Patients of both groups have been found to have increased serum levels of L-FABP,
I-FABP, numbers of B in fecal samples and decreased numbers of F and F/B ratio.

Conclusions. The study results obtained have revealed increased intestinal permeability and demonstrated an important diagnostic
value of serum L-FABP and I-FABP as a biomarker of intestinal permeability in diabetic MAFLD patients with or without SIBO.
Increased fecal numbers of Bacteroidetes, decreased numbers of Firmicutes and F/B ratio have been detected in diabetic MAFLD
patients with or without SIBO.

DochipkeHHA piBHA 6inKiB, L0 3B’A3YI0Tb XXUPHI KUCAOTH, Ta BMicTy Bacteroidetes,
Firmicutes y nauieHtiB i3 meTaboAiuHO acoLiiioBaHOO XXMPOBOIO XBOPO6OIO NEUiHKH
B MNOEAHAHHI 3 LYKPOBUM AiabeTom 2 TMNY Ta CHHAPOMOM HaAMIpHOro
6aktepiarbHOro pocty

B. B. UepHsaBcbkui, 0. K. Aiank

Mera po6oTu - JOCTiZKEHHS piBHS NEYIHKOBOI Ta KULLKOBOI (hpakwin Binkie, Lo 38'a3ytoTb xupHi kucnotu (L-FABP Ta I-FABP), y
cupoBaTLi KpoBi, BMICTY Bacteroidetes, Firmicutes y kani y nauieHTiB 3 MeTaboniyHoO acoLinoBaHOK XMPOBOK XBOPOOOH NEYiHKM
(MAXXTT) y noeaHaHHi 3 Liykpoum giabetom (L) 2 Tuny Ta cuHapomom HagmipHoro 6akTepiansHoro pocty (CHBP).

Marepiaau i MmeToAM. Y NpoCneKTUBHE iHTEPBEHLHE paHAOMi30BaHe JocnimkeHHs 3anyunni 51 nauienta 3 MAXKXITy noegHaHHi
3140 2 tuny. XBopux obCTexunu Ta noginumv Ha 2 rpyni. Lo nepLuoi rpynu 3anyyaunu 24 nauiextis ia MAXXI ta L 2 Tuny 6e3
CHBP; o apyroi — 27 xopux Ha MAXKXIT y noegHanHi 3 LI 2 Tuny Ta CHBP. KoHTponbHa rpyna — 20 npakTuyHO 300poBuMX OCi0.
PiBeHb neviHKOBOI Ta KMLIKOBOI (hpakwii GinkiB, L0 3B’S3yH0Tb XKUPHI KUCIOTH, Y CUPOBATLL KPOBi BU3Ha4amm metogom ELISA 3
BMKOpUCTaHHsM TecT-cuctem Human I-FABP Ta L-FABP ELISA Kit (Elabscience, CLLA). Bmict Bacteroidetes, Firmicutes y kani
BM3Ha4anu metogom MNP y peanbHomy vaci. baktepiansHy JHK gocnigkysanu Ha Tepmoumknepi Rotor-Gene 6000 (QIAGEN,
HimeuumnHa) 3 BukopuctanHam npanmepis IHK 16S pPHK Ta pearentis NanoDrop ND-8000 (Thermo Scientific, CLUA).

Pesyabtati. [Ins OUiHIOBaHHSA KWULWKOBOI MPOHWKHOCTI Aocnigxysanu piseHb L-FABP, [-FABP y cupoBatyi KpoBi, BMICT TvNiB
Firmicutes, Bacteroidetes Ta ix cniBBigHOLLEHHSI. Y XBOPUX NEPLLOI Ta APYroi rpyn BCTAHOBNEHO NiasuLLeHHs piBHs L-FABP, I-FABP
y cupoBaTLi kpoBi, BMicTy Bacteroidetes (B) y npobax kany Ta 3HwkeHHst BMiCTy Firmicutes (F), a Takox cniBgigHoLueHHs F/B.

BucHoOBKM. Y pe3ynbraTi 4OCTILKEHHS BUSBUNW NiaBuLLEHHS piBHs L-FABP Ta I-FABP y cupoBarTLi kpoBi, L0 CBig4MTb Npo NiaBw-
LLIEHHS1 KMLLKOBOI NPOHMKHOCTI y nauiexTiB i3 MAXKXI y noegHanHi 3 LA 2 Tuny Ta CHBP Ta xBopux 6e3 CHBP. Y naujeHTis i3
MAXXI y noegHanHi 3 LUA 2 Tuny Ta CHBP i xBopux 6e3 CHEP Bu3Haunnu nigeuLieHHs BMICTy Bacteroidetes, 3HWKeHHS BMiCTY
Firmicutes Ta cniBgigHoweHHs F/B y kani.

Alterations in gut microbiota increase intestinal permeability
favoring the absorption of pathogen-associated molecular
patterns such as lipopolysaccharides (LPSs) [1].

This phenomenon activates the TRL4 receptors that
increase the NF-kB-related gene transcription in the Kupffer
cells triggering inflammatory pathways by the activation
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of proinflammatory genes (TNF-a, IL-6, IL-8, and IL-12)
and generating reactive oxygen species (ROS) [2]. The
consequent inflammatory response induces production
of profibrotic factors by the hepatic stellate cells, impairs
insulin signaling with a subsequent increase in free fatty
acids (FFAs) afflux and alters mitochondrial beta-oxidation,
which results in hepatic steatosis [3].

Intestinal microbiota can alter bile acid metabolism, con-
tributing to the pathogenesis of metabolic-associated fatty
liver disease (MAFLD) by modulating farnesoid X receptor
(FXR) stimulation and thus affecting fat and glucose home-
ostasis [4]. Hyperglycemia has been reported to induce an
increased intestinal permeability through GLUT2-dependent
mechanisms and the alteration of tight junction integrity, thus
creating a leaky gut state [5].

Fatty acid-binding proteins (FABPs) are small (14—
15 kDa) cytosolic water-soluble proteins, present in mature
enterocytes of the small and large intestine. Their function
is the transport of fatty acids from the enterocyte apical
membrane to the endoplasmic reticulum where complex
lipid biosynthesis occurs.

Thus, this shows that diagnostic methods for assessing
the intestinal barrier function are of great scientific interest,
and in several studies, FABPs were considered as markers
of the intestinal barrier function [5], which requires further
research.

Aim

The aim of the study was to examine serum levels of liver
and intestinal FABPs (L-FABP and I-FABP), fecal numbers
of Bacteroidetes and Firmicutes in patients with MAFLD in

combination with type 2 diabetes mellitus and small intes-
tinal bacterial overgrowth syndrome.

Materials and methods

The study was approved by the commission on biotic exper-
tise and ethics of scientific research (protocol No. 150 dated
October 18, 2021) at Bogomolets National Medical Univer-
sity and performed at the clinical base of the Department
of Internal Medicine No. 1 from 2021 to 2023. All patients
gave their informed consent for participation in the study.

The prospective, interventional, randomized study
included 51 patients with MAFLD in combination with
type 2 diabetes mellitus (T2DM), who were examined and
divided into the 2 groups. Group 1 comprised 24 patients
with MAFLD and T2DM without small intestinal bacterial
overgrowth (SIBO). Group 2 consisted of 27 patients with
MAFLD in combination with T2DM and SIBO. The control
group was composed of 20 apparently healthy subjects.

The inclusion criteria were male or female, 25-78 years
of age, MAFLD patients with T2DM diagnosed by estimating
the steatosis degree based on the resullts of ultrasound stea-
tometry (Ultrasign soneus P7 device with a 1-6 MHz convex
sensor) performed on the scale of ultrasound attenuation
(ultrasound attenuation coefficient 22.2 dB/cm) proposed
by M. Sasso et al. and diagnostic criteria of carbohydrate
metabolism disorders according to the 2023 American
Diabetes Association guidelines [6].

The exclusion criteria were the following: viral hepatitis,
alcoholic liver disease, autoimmune hepatitis, drug-induced
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liver damage, Wilson—Konovalov disease, type 1 diabetes
mellitus, decompensated T2DM, cancer, pregnancy, refusal
to participate in the study.

The serum levels of L-FABP and |-FABP were mea-
sured by ELISA method using the Human L-FABP and
I-FABP ELISA Kit test systems, respectively (Elabscience,
USA). The fecal numbers of B and F were determined by
real-time PCR. Bacterial DNA was detected in a thermal
cycler Rotor-Gene 6000 (QIAGEN, Germany) using DNA
16S rRNA primers and NanoDrop ND-8000 reagents (Ther-
mo Scientific, USA).

The Lactulose Hydrogen Breath Test was used to di-
agnose SIBO. The test was performed using the Advanced
Hydrogen Breath Testing (Micro H2 Meter) device.

The program GraphPad Prism Version 9.5.1.733, Micro-
soft Office 2016 software package, MedStat version 5.2. and
EZR version 3.4.1. (R Foundation Statistical Computing)
were used for statistical processing of the obtained resullts.
Quantitative and qualitative variables were evaluated
through a statistical analysis. Qualitative data were present-
ed as absolute values and percentages. The Shapiro-Wilk
test was used to check the distribution of the obtained data
for normality. In the case of a normal distribution, quantitative
variables were described by arithmetic mean values with a
standard deviation (Mean + SD) and by medians with the
first and third quartiles (Median [Q1; Q3]) in non-normal
distribution. The method of multiple comparisons ANOVA
was used to check differences between the 3 groups when
the data were normally distributed, non-normally distributed
variables were compared by the Kruskal-Wallis test. Dif-
ferences between groups were considered significant at a
value of p < 0.05.

Results

The clinical and diagnostic characteristics patient groups are
shown in Table 1. To assess the state of intestinal permea-
bility, serum levels of L-FABP and I-FABP were examined
and numbers of phylum Firmicutes (F) and Bacteroidetes
(B) as well as their ratio were calculated.

Patients of both groups have been found to have
increased serum levels of L-FABP, |I-FABP, numbers of
B in fecal samples and decreased numbers of F and F/B
ratio (Table 1).

Quantitative studies have revealed the L-FABP levels to
be significantly increased by 6.1 times in Group 1 patients
and by 6.8 times in Group 2 patients compared to the control
group (p < 0.001), and the L-FABP levels were 1.1 times
increased in Group 2 patients compared to patients of
Group 1 (p < 0.001).

The I-FABP levels have been found to be significantly
increased by 6.0 and 9.2 times in Group 1 and Group
2 patients, respectively, compared to the control group
individuals (p < 0.001). The study has shown 1.5 times
increased I-FABP levels in patients of Group 2 as compared
to Group 1 patients (p < 0.05).

A significant increase in the number of B has been
observed by 4.6 and 5.1 times in Group 1 and Group
2 patients, respectively, compared to the control group
individuals (p < 0.001). The number of B was 1.1 times
increased in Group 2 patients as compared to Group 1 pa-
tients (p < 0.05). The number of F was reduced by 8.2 and
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Table 1. Clinical and diagnostic characteristics of patient groups

Parameter, units of measurement Group 1,n=24 Group 2, n =27 Control group, n =20

Sex (female / male), n (%)
Age, years

BMI, kg/m?

L-FABP, ng/ml

|-FABP, ng/ml

Firmicutes, %
Bacteroidetes, %

F/B ratio

14 (58 %) /10 (42 %) 18 (67 %) /9 (33 %) 12/(60 %) / 8 (40 %)
57423 58.8+3.1 552+36
30.4[29.8; 32.0] 31.1[29.3;33.2) 30.2[29.6; 32.8]
3124244 347432 51+29*
84+1.1% 129409 14+0.1*

5.6 [3.1; 7.6] 34[3.2;65]" 45.8 [41.1; 52.6]*

79.4 (84.3; 91.1]**
0.07 [0.04; 0.09]*#

87.6 [84.1; 90.9]*
0.04 [0.03; 0.06]*

17.2[15.5; 26.3]*
27123, 3.7

BMI: body mass index; *: p < 0.001 compared to the control group; #: p < 0.05 — Group 1 compared to Group 2.

13.5 times in patients of Group 1 and Group 2 (p < 0.001),
respectively, compared to the control group, but it was
1.5 times increased in Group 2 patients as compared to
Group 1 patients (p < 0.05).

The F/B ratio was decreased by 38.6 and 67.5 times
in Group 1 and Group 2 patients, respectively, compared
to the control group (p < 0.001), and it was 1.8 times
increased in Group 2 patients as compared to Group
1 patients (p < 0.05).

Discussion

The data presented indicate a possible association between
the intestinal microbiota composition, intestinal barrier
disruption and higher grades of endotoxemia, which leads
to chronic delayed inflammation, that underlies insulin
resistance [7,8]. Thus, the intestinal microbiome can be
considered as a factor that determines tissue insulin sen-
sitivity, and violations in this sensitive system result in the
development and progression of MAFLD [9].

Translocation of bacteria or bacterial products such as
LPSs from the intestine to the liver has been proposed as a
triggering factor of liver inflammation and fatty liver disease
[10]. It has been found that LPS translocation induced he-
patic steatosis in mice suggesting that increased intestinal
permeability was associated with fatty liver disease [11].

Basal FABP levels have been reported to reflect the
physiological enterocyte turnover rate, whereas elevated
levels have been shown to indicate altered intestinal per-
meability and epithelial cell damage [12].

Patients with MAFLD, particularly those with nonalco-
holic steatohepatitis and T2DM, have been revealed with
greater numbers of B and differences in the presence of
F, resulting in a decreased F/B ratio in most analyses [13].

The study has demonstrated increased serum levels
of L-FABP and I-FABP in patients with MAFLD combined
with T2DM and with or without SIBO, indicating increased
intestinal permeability and epithelial cell damage.

According to the study results, diabetic MAFLD patients
with or without SIBO have been shown to have increased
fecal numbers of B, decreased numbers of F and F/B ratio.

The study findings completely coincide with currently
known scientific data and are complementary to them,
however, more research still needs to be done.

Conclusions

1. The study results obtained have revealed elevated
serum levels of L-FABP and I-FABP, indicating increased
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intestinal permeability in diabetic MAFLD patients with or
without SIBO.

2. Increased fecal numbers of Bacteroidetes, decreased
numbers of Firmicutes and F/B ratio have been detected in
diabetic MAFLD patients with or without SIBO.

Prospects for further research. Further studies on the
state of intestinal permeability in patients with MAFLD com-
bined with T2DM and SIBO will help to establish the involve-
ment of intestinal microbiota and FABPs in the pathogenetic
mechanisms of MAFLD development and progression and
to improve diagnostics and complex treatment measures
compared to standard therapy.
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The aim of the study was to examine the involvement of tissue-specific and non-specific autoantibodies, matrix metalloprotein-
ase-3 and neuron-specific enolase (NSE) enzymes in the development and exacerbation of autoimmune thyroiditis.

Materials and methods. The study enrolled 170 patients with autoimmune thyroiditis (64 males and 106 females aged 18 to
64 years) to comprehensively examine their humoral immune response indicators (IgA, M, G), organ-specific (Ab-TG, Ab-TPO)
and organ-non-specific antibodies (Ab-DNA), metalloproteinase-3 and NSE activity. The control group consisted of 65 individuals
without thyroid pathologies or other autoimmune diseases, aged 20 to 65 years (26 males and 39 females).

Results. The study has demonstrated changes in the levels of organ-specific and organ-nonspecific antibodies and statistically
significantly increased metalloproteinase-3 activity in patients with autoimmune thyroiditis. Positive correlations have been found
between elevated levels of IgG, Ab-TG, Ab-TPO, Ab-dsDNA and NSE activity. Negative correlations have been observed between
NSE activity and IgA concentrations.

Conclusions. Elevated titers of anti-DNA autoantibodies may indicate an aggravation of the autoimmune process due to cellular struc-
ture damage, resulting in gland dysfunction. The findings also suggest that metalloproteinase-3, a marker predicting thyroid tissue
damage, may negatively impact the immune response induction, ultimately affecting the activity of neuron-specific enolase. The data
have shown that studying biochemical indicators such as antinuclear antibodies (ANA), anti-DNA antibodies, metalloproteinase-3 and
neurodegenerative indicators could provide informative markers to determine the nature of the disease development and worsening.

Katouogi croBa:
ABTOIMYHHWI
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DOCAipAKEHHA POAi TKAHUH-cieLMPiuHUX | HecneunpiuHUX ayTOAHTUTIA,
¢depMeHTiB MaTpUKCHOI MeTanonpoTeiHa3u 3 TUNY Ta HEUPOH-cneLudiuHOi eHoAa3H
Yy 3aroCcTpeHHi ayToiMyHHOro TAPEOIAUTY

P. P. ParimoBa, A. M. EdeHpies, I. Ax. Liaxsepaiesa, I'. C. Aawpamiposa, C. P. Tyaiesa, Y. I. Asizosa

Meta po60T1 — BUBUUTH BHECOK TKAHWH-CNIELMIYHIX | HECTIeLMMIYHNX ayTOaHTUTIMN, (DEPMEHTIB MaTPUKCHOT MeTanonpoTeiHaau
3 TNy Ta HeMpOH-cNeLMMdIYHOT eHoNnasm y PO3BUTOK i 3arOCTPEHHS ayTOIMYHHOTO TUPEOIANTY.

Marepianu i meToau. JocnimkeHHs 3gificHmnm 3a yyacTi 170 navieHTiB 3 ayToiMyHHUM TUPeOianToM (64 YonoBiku i 106 XiHOK Bikom
Big 18 no 64 pokis). [1ns feTanbHOro BUBYEHHS rymopasbHoi iMyHHoT Bianosigi (IgA, M, G), cneundivHoi ans opraHa (AB-TG,
AB-TPO), aHTn-cneundivHoi ans opraHa (aHtu-0HK) aytoaHTuTin, MaTpukcHoi MeTanonpoteilasn 3 Tuny, a TakoX akTUBHOCTI
HeNpoH-CneLmdivHOT eHoNaau NpoaHarnidyBanm ixHi NoKasHWKI. Y KOHTPOIBbHY rpyny 3anmy4mnu 65 ocib 6e3 natonorii LWUToBUaHOI
3a703u abo iHWKX ayTOIMYHHUX 3aXBOPIOBaHb (26 4onoBikiB i 39 xiHok Bikom Big 20 4o 65 pokiB).

Pe3yabratn. BctanoBwnw, WO y NauieHTiB 3 ayTOIMyHHUM TUPEOIAMTOM 3MIHIOKOTBCS PiBHI OpraHOCNeLMdIiYHUX | OpraHoHecnewuy-
iYHUX aHTUTIN. BUSIBUNM TaKOX CTATUCTUYHO 3HAYYLLE NiABMLLEHHS aKTUBHOCTI METanonpoTeiHasu 3 Tuny. BusHaunnm noantveHi
kopensuii Mix nigsuweHnmy pisHsmu IgG, AB-TG, AB-TPO, AB-dsDNA Ta akTUBHICTIO hepMEHTIB HeMpOH-cneLmdivHOi eHonasu.
HeraTuBHi kopensvji BCTAHOBWMM MiX aKTUBHICTIO (hepMeHTY HEMpOH-CreLmndiYHOi eHonasu Ta KoHLeHTpaismu IgA.

BucHoBkw. Migsuieni TuTpu aytoaHTuTin 4o JHK MOXYTb CBIUMTM MPO 3aroCTPEHHS ayTOIMYHHOIO NPOLIECY Yepes MOLIKOMKEHHS!
KMITUHHOT CTPYKTYPW, LLIO NPW3BOANTL A0 AUCYHKLT 3aro3u. Pesynsrati nokasanu, WO MaTpukcHa MeTanonpoTeinasa 3 Tuny sk
MapKep, KOTPUIA NPOrHO3Ye NOLLKOMKEHHS LUIMTOBMAHOT TKAHWHW, MOXE HeraTyBHO BNMBATY Ha iHAYKLto iMyHHOI Bignosiai; 3peLu-
TOHO Lie BNIMBAE Ha akTUBHICTb HEMPOH-CNeLudivHOi eHonasu. 3rigHo 3 ogepXaHUMW AaHUMM, BUBHEHHS! BIOXiMIYHMX MOKa3HUKIB:
aHTuagepHux aHTuTin (ANA), aHtn-OHK-aHTVTin, MaTpykcHOI MeTanonpoTeiHasn 3 Tuny, — a TakoX HelpoaereHepaTUBHUX napa-
METPIB AAaCTb 3MOTY BU3HAYMTV iH(DOPMATUBHI MapKepy Ans OLHIOBaHHS MPUPOAM PO3BUTKY 3aXBOPOBAHHS Ta I0r0 NOMPLLIEHHS.

Hashimoto’s thyroiditis (HT) is a common form of autoim-
mune thyroiditis (AIT). The etiopathogenesis of the disease
is influenced by genetic and environmental factors, which
combine to cause immunological changes in the body.
These alterations lead to immune-dependent neuroendo-
crine disorders [1,2,3]. The severity of thyroid dysfunction in
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HT ranges from subclinical hypothyroidism, which is char-
acterized by elevated thyroid stimulating hormone (TSH)
levels with normal concentrations of thyroid hormones, to
overt clinically meaningful hypothyroidism [4].

In cases of primary hypothyroidism, the range of
non-specific systemic symptoms is highly diverse due to
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the broad spectrum of thyroid hormone effects on vari-
ous tissues and organs. The regulatory effect of thyroid
hormones on the genes that control protein synthesis in
multiple types of nerve cells and brain regions has now
been described and studied well enough [2,5]. Neuroim-
mune interactions play a crucial role in tissue defense and
organ homeostasis [6].

It has been demonstrated that cytokine receptors on
lymphoid cells facilitate communication between the central
nervous system (CNS) and the immune system, resulting
in a chain of neuroimmune-endocrine interactions [7].
Additionally, matrix metalloproteinases (MMPs), a family
of proteolytic enzymes, are involved in the formation of
a normal immune response. MMPs play several crucial
physiological roles, such as extracellular matrix (ECM)
remodeling, cytokine cleavage, and defensin activation
[8,9]. Furthermore, they regulate various biological and
physiological processes that are mediated by hormones,
growth factors, and cytokines [10]. It is important to note
that much of the current research on MMP-3 is focused
on the CNS development, including axonal guidance and
remodeling [11,12].

Numerous studies have confirmed the relationship
between the immune and nervous systems. It has been
demonstrated that immune system cells regulate homeo-
stasis through specific mechanisms that express receptors
for various signaling molecules, ensuring a response from
the neuroendocrine system. These molecules include neu-
ropeptides, insulin, proopiomelanocortin, growth hormone,
and thyroid hormones [13,14].

Thyroid hormones impact tissue respiration intensity
and energy production in nervous tissue cells. In a state of
hypothyroidism, the activity of aspartate aminotransferase,
gamma-aminobutyric acid aminotransferase, and inositol
phosphatase decreases, slowing down the incorporation
of amino acids into brain proteins. Moreover, the thyroid
controls cerebral stem cells and apoptotic-like processes
that ensure the formation of neuronal networks and neuronal
plasticity [15,16].

In recent years, there has been a considerably
increased interest from researchers in determining the
activity of neuron-specific enolase (NSE) as a marker of
neurodegeneration [17]. NSE is the neuronal form of the
glycolytic enzyme enolase and is found almost exclusively
in neurons and cells of neuroendocrine origin. Enolase is
expressed in astrocytes and oligodendrocytes and exerts
autocrine and paracrine effects on glia, neurons, and mi-
croglia. High levels of NSE can be harmful and may trigger
the production of pro-inflammatory cytokines, leading to
neuronal cell apoptosis.

Enolase can be transported to the cell surface upon
receiving stimulatory signals, and this can result in various
pathologies, such as injury, autoimmunity, infection, inflam-
mation, and cancer. The expression of enolase on the cell
surface is frequently observed in activated monocytes /
macrophages, microglia, and astrocytes, which promotes
the ECM degradation, the production of pro-inflammatory
cytokines / chemokines, and the invasion of inflammatory
cells into the sites of injury and inflammation [18,19].

The potential pathological role of enolase in neuro-
degeneration and how enolase inhibition affects neuro-
degenerative processes are currently being studied [20].
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Autoimmune thyroid diseases are also characterized by
the presence of organ non-specific autoantibodies, such
as anti-DNA antibodies, the clinical significance of which
has not been adequately studied [21].

There is a close interdependence between a person’s
mental state, the endocrine system function, and the state
of immunity, governing the body adaptation to environmental
changes. It is important to note that there is an insufficient
number of comprehensive studies on various regulatory
molecules in chronic autoimmune thyroiditis. The whole
preceding arguments assume the possibility of an interdisci-
plinary study on AIT and highlight the importance of studying
the correlation between different biochemical parameters
that compose immune responses.

Aim
The aim of the study was to examine the involvement of

tissue-specific and non-specific autoantibodies, MMP-3 and
NSE enzymes in the development and exacerbation of AIT.

Materials and methods

Comprehensive examinations of 170 patients with AIT
(64 males and 106 females, aged 18 to 64 years) have
been conducted to determine humoral immune response
indicators (IgA, IgM, IgG), organ-specific (Ab-TG, Ab-TPO)
and organ-non-specific antibodies (Ab-DNA), MMP-3 and
NSE activity. The control group consisted of 65 individuals
without thyroid pathologies or other autoimmune diseases
aged 20 to 65 years (26 males and 39 females). The diag-
nosis of AIT was made based on laboratory analysis and
ultrasonography.

Criteria for inclusion in the study were patients with a
primary diagnosis of AIT and the absence of concomitant
allergic or other autoimmune severe somatic diseases.

Criteria for exclusion from the study were any conco-
mitant diseases in a medical history of patients, comorbidity
associated with AIT due to the autoimmune process exa-
cerbation, substantial abnormalities in blood test results,
pregnancy and lactation, acute or chronic inflammatory
processes affecting the immunological status.

The patients were assigned to two groups based on
clinical and laboratory examinations, including the measure-
ment of TSH, free thyroxine (T4) and free triiodothyronine
(T3) levels.

Group 1 consisted of 74 patients with a manifest form
of the disease. Group 2 included 96 patients with a sub-
clinical form.

Patients with the manifest form of AIT may experience a
range of symptoms including a decrease in body tempera-
ture, myxedematous edema (puffy eyes), obesity, voice
changes, drowsiness, mental impairment, dyspnea, chest
tightness, slowing of cardiac conduction, constipation or
diarrhea, limb numbness, hair thinning or loss, and irregular
menstrual periods or amenorrhea. In the group of patients
enrolled in the study, TSH levels were increased while
T3 and T4 hormone levels were decreased. Moreover,
increased titers of organ-specific antibodies, in particular
Ab-TG and Ab-TPO were observed. The subclinical form of
AlIT is characterized by increased TSH and normal T3 and
T4 levels with a lack of clinical symptoms.
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Table 1. Concentrations of thyroid hormones and thyroid stimulating hormone in patients with autoimmune thyroiditis, Me [25 %; 75 %]

Parameter, units of measurement Control group, n = 65 Subclinical form, n = 96 Manifest form, n = 74

Free T3, pg/ml 241[2.1;28] 24[1.9,27] 1.2[1.1;1.2]*
Free T4, ng/dl 1.9[1.5; 2.3] 1.9[1.8;21] 0.8[0.7; 0.8]**
TSH, miU/ml 2.1[1.3;2.3] 4.2[3.5; 4.6 19.0[16.1; 24.3]*#

*: statistically significant difference compared to the control group, p level < 0.05; #: statistically significant difference compared to subclinical group, p level < 0.05.

Table 2. Correlations between humoral immunity parameters and neuron-specific enolase (NSE) activity in patients with AIT (Spearman’s correlation
coefficients, r)

m_mm- L Ab1PO | AbtsDNA | abssonaJwps |

p= 0042

0.152 0.39%4 0.342 0.328
p =0.032

p=0.126 p =0.040 p=0.034

0.415 0.283 0.044
p=0.003 p =0.167 p =0.565

The levels of thyroid hormones (T3, T4) and TSH were
measured by immunochemiluminescent method using an
IMMULITE 2000 Xpi apparatus (USA). Serum levels of
immunoglobulins A, M, and G were measured using an
automatic analyzer (EL 808 Bio-Tek Instruments, Inc., USA).
Serum concentrations of anti-native (double-stranded) DNA
antibodies (Ab-dsDNA) and anti-denatured (single-strand-
ed) DNA antibodies (Ab-ssDNA) were determined using
an enzyme-linked immunosorbent assay (ELISA). Serum
concentrations of NSE and MMP-3 activity were detected
using a solid-phase ELISA.

The study results were analyzed statistically using a
StatSoft software package. Medians, upper and lower quar-
tiles were calculated to represent quantitative parameters.
Groups were compared using the Kruskal-Wallis one-way
analysis of variance followed by pairwise comparison
using the Mann-Whitney test. A correlation analysis was
performed to examine potential associations between the
levels of studied parameters, and the Spearman correlation
coefficient was calculated.

Ethics approval for research: the present study was
approved by the Ethics Committee of Azerbaijan Medical
University (Ref. no: AMU / IEC / No. 12/ 07.02.2020).

Results

Values of thyroid status indicators allowed randomization
of patients into subclinical and manifest groups (Table 1).

The study results showed a significant decrease in IgA
levels in both subclinical (1.9 [1.6; 2.7 g/l] and manifest pa-
tient groups (1.6 [1.0; 2.3] g/l) compared to the control group
(2.6 [2.4; 2.9] g/l). The reverse was true for IgG concentra-
tions, which were increased in both groups, 12.6 [10.4; 15.1]
g/l and 16.9 [12.6; 21.8] gll, respectively, compared to the
control group levels (11.4 [9.5; 13.0] g/l), p < 0.05. Herewith,
there were no significant differences in IgM levels between
patient groups with different types of hypothyroidism.

In assessing plasma NSE levels in patients with subcli-
nical AlT, the median indicator was found to be 10.5 [7.8;
12.5] ng/ml. It was significantly higher than the correspond-
ing level in the control group, which was 5.0 [4.3; 6.0] ng/ml.
Besides, the study analyzed NSE concentrations in patients
with various clinical forms of AIT. The results showed that
individuals with manifest form of AT had a statistically sig-
nificant increase (p = 0.042) in the value of this parameter,
with a median of 25.0 [23.0; 26.0] ng/ml.

In the group of patients diagnosed with subclinical
hypothyroidism, the levels of Ab-TG and Ab-TPO were
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found to be elevated, with a median range of 456 [395;
544] IU/ml and 523 [464; 568] IU/ml, respectively. These
levels were significantly higher compared to those in the
control group, the median values of which were 16 [13;
30] IU/ml and 20 [13; 25] IU/ml, respectively (p < 0.001). In
patients with manifest form, Ab-TG and Ab-TPO were found
to be significantly elevated with median values of 470 [381;
527]1U/ml and 531 [458; 566] IU/ml, respectively, compared
to those in the control group.

The analysis of anti-DNA antibody levels in patients with
various clinical conditions of hypothyroidism revealed that
the median concentration of Ab-dsDNA was significantly
higher in patients with manifest form of the disease com-
pared to those with subclinical course (8.6 [5.4; 16.4] IU/ml
vs 6.8 [2.1; 13.8] IU/ml, respectively (p < 0.05), while it was
2.6 [1.45; 3.55] IU/ml in the control group. The median con-
centration of Ab-ssDNAwas higher in patients with manifest
hypothyroidism compared to those with subclinical hypo-
thyroidism (4.9 [3.37; 10.10] IU/ml vs 4.0 [1.6; 6.0] IU/ml,
respectively (p < 0.05), and the control value was 4.6 [1.3;
5.9]IU/ml. There were no statistically significant differences
in the Ab-ssDNA levels between the patient groups.

The study showed a statistically significant increase
in MMP-3 activity in each group of patients examined,
both in subclinical and manifest forms of the disease,
compared to the control individuals (23.0 [16.0; 26.0],
p = 0.015). The study compared the MMP-3 levels in
patients with different clinical forms of AIT and found
that patients with manifest form of AIT had significantly
higher MMP-3 levels (59.0 [56.0; 65.0] ng/ml) compared
to patients with subclinical form of the disease (52.1[48.0;
56.5] ng/ml), p = 0.023.

In this paper, a correlation analysis between biochem-
ical parameters and NSE was carried out (Table 2). The
NSE enzyme activity level was statistically significantly
associated with humoral immunity factors in AIT patients.
Negative correlations were observed between NSE enzyme
activity and IgA concentrations. However, positive correla-
tions were found between NSE enzyme activity and the
levels of IgG, Ab-TG, Ab-TPO, and Ab-dsDNA. There was
no significant correlation between the MMP-3 serum level
and NSE enzyme activity.

Discussion

Thyroid hormones affect almost all organs and system in the
body, including the heart, CNS, autonomic nervous system,
bone, gastrointestinal tract, and metabolism. Changes in
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thyroid hormone levels can lead to disturbances of physio-
logical processes in different directions.

It was interesting to study immunoglobulin concentra-
tions. Amid a significant increase in IgG and decrease in
IgA compared to the control, the level of IgM was changed
insignificantly. There are data in the literature on findings of
Marta Zgbczynska et al. concerning a higher cytotoxic effect
of IgG in patients with HT [22]. Our study has shown chang-
es in the levels of organ-specific and organ-non-specific
antibodies in patients with AIT. Elevated titers of anti-dsDNA
antibodies may indicate an aggravation of the autoimmune
process due to cellular structural damage, leading to thyroid
dysfunction. Granito A., Muratori L. et al. have also demon-
strated the role of anti-dsDNA antibodies as markers of the
autoimmune process [23]. Regarding anti-ssDNA antibody
levels, we have not found any significant changes between
the studied groups that could be interpreted as disease exa-
cerbating factors. The results have shown an increase in the
MMP-3 activity in patients of the studied groups, which could
be indirectly associated with progressive organ damage,
ulceration or excessive collagen accumulation, persistence
of inflammation and fibrosis due to their substrate, ECM.

Numerous studies have shown the immunomodula-
tory role of MMPs. For example, Irena Ivkovi¢ et al. have
demonstrated that the balance in the regulation of MMPs by
hormones and cytokines was shifted towards an increased
MMP activity in pathological conditions, resulting in tissue
degradation [24]. He Luying et al. have reported that MMP
enzymes as well as their inhibitors play an active role in
thyroid destruction and may negatively affect the immune
response induction [25]. Zipfel P., Rochais C. et al. have
suggested that ECM overdegradation caused by excessive
MMP activation was associated with multiple diseases,
including central nervous system disorders [26].

The study on NSE as an indicator of nervous system
damage has shown an increased enzyme activity in AIT
patients, which could be explained by gradual neuronal
death and release of neuron-specific enzymes into the
bloodstream. Thyroid hormones are known to affect the
intensity of tissue respiration and energy production in nerve
tissue cells, and NSE is a glycolytic enzyme found predo-
minantly in neurons and cells of neuroendocrine origin [27].

Conclusions

1. The activity of matrix metalloproteinase-3 has been
found to be higher in patients with autoimmune thyroiditis,
especially in manifest form with a value of 59.0 [56.0;
65.0] ng/ml.

2. Titers of anti-double-stranded DNA antibodies have
been revealed to be increased in the disease exacerbation,
reaching 8.6 [5.4; 16.4] IU/ml in manifest form.

3. The determination of neuron-specific enolase activity
and its correlation with the level of anti-double-stranded
DNA antibodies at Spearman’s correlation coefficient of
0.415 (p = 0.003) allows an objective assessment of the
depth and intensity of nervous system lesion.

4. In summary, the study on the biochemical parame-
ters described and their cause-and-effect relationships can
help in assessing the nature of the disease development
and exacerbation as well as the probability of comorbid
pathology.
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Perspectives for further scientific research include a
study on the prognostic value of MMP-3, Ab-dsDNA and
NSE in AIT.
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Comparison between intraperitoneal onlay mesh repair
with closure of fascial defect (IPOM plus)

and intraperitoneal onlay mesh repair (IPOM) for ventral hernias

H. 0. Havrylov®BF, 0. V. Shulyarenko®?#BC¢PF ‘M, 0. Yosypenko®3A-F

*Private Enterprise Clinic Medicom, Kyiv, Ukraine, 2Bogomolets National Medical University, Kyiv, Ukraine, *Shupyk National Healthcare

University of Ukraine, Kyiv

A - research concept and design; B - collection and/or assembly of data; C - data analysis and interpretation; D - writing the article;

E - critical revision of the article; F - final approval of the article

Aim. To evaluate the intraperitoneal onlay mesh repair with closure of fascial defect (IPOM plus) versus intraperitoneal onlay mesh
(IPOM) for ventral hernias (VHs).

Materials and methods. A total of 89 patients with VHs with a defect between 3—-12 cm who underwent a surgery from 2018 to
2023 years were enrolled in this study. All of them were randomly assigned to two groups. Group 1 included 45 patients after
intraperitoneal onlay mesh repair with closure of fascial defect (IPOM plus), Group 2 — 44 patients after intraperitoneal onlay mesh
(IPOM). The distribution of patients by age, sex, body mass index (BMI), hernia type (primary VH, incisional hernia), American
Society of Anesthesiologists (ASA) score was studied.

Results. The differences in sex, mean age, patient distribution based on hernia type, BMI, ASA score and hernia orifice size were
not statistically significant between the two groups. Therefore, both groups were comparable. The operative time in minutes was
73.17 £ 7.43 in Group 1 and 70.93 + 8.84 in Group 2 (not statistically significant). The pain score 12 hours after surgery was
5.24 +0.60 in Group 1 comparing to 5.02 + 0.45 in Group 2 (not statistically significant). The pain score 8 days after surgery was
2.88 +0.31 in Group 1 comparing to 2.75 £ 0.43 in Group 2 (not statistically significant).

There was no significant difference concerning the incidence of early complications between the two groups. 41 (91.11 %) pa-
tients of Group 1 and 40 (90.9 %) patients of Group 2 were examined during a 22-month follow-up period. No complications were
noted.

Conclusions. Laparoscopic ventral hernia repair provides satisfactory results in terms of safety and efficacy. Thus, IPOM plus
repair is safe, feasible and offers possible advantages over the standard IPOM technique as reported in the literature. Poor
outcomes described in the literature are probably related to independent variables such as mesh and suture types as well as
closure technique.
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MopiBHAHHA BHYTPILLHLOOUYEPEBUHHOI NAACTUKHU CITYACTUM iMNAQHTOM
i3 3akputTaAm dacuianbHoro pedpekty (IPOM plus)

i BHYTpilLLHbOOYEPEBUHHOI NAACTUKM ciTyacTUM imnaaHTom (IPOM)

y Xipyprii BEeHTPaAbHUX TPpUX

I. 0. FaBpuAoB, O. B. LLiyasipetko, M. 0. Mocunerko

Merta po60TH - OLHUTW BHYTPILUIHBOOYEPEBUHHY MIACTUKY CITYAaCTUM iMMIAHTOM i3 3akpuTTAM dhacuiansHoro Aecekty (IPOM
plus) NOPIBHSAHO 3 BHYTPILLIHLOOYEPEBMHHOIO NMMACTUKOK CiTYacTVM iMnnaHToM (IPOM) B Xipyprii BEHTPaNbHNX rpuXK.

Martepianu i meToau. Y focnimkeHHs 3anyyeHo 89 nauieHTiB i3 BEHTpanbHUMK rpvxamm 3 aedpektom 3—12 cm, siki 6ynn npo-
oneposaHi y nepiog 3 2018 o 2023 poky. MNauieHTiB BUNaaKoBUM YMHOM NOAINUIU Ha ABi rpynu. Y 1 rpyni 45 XBOpUM BUKOHaHO
BHYTPILUHBOOYEPEBUHHY NIACTUKY CITYACTUM iIMNNAHTOM i3 3akpuTTam dacuiansHoro gedekty (IPOM plus); y rpyni 2 — 44 na-
LliEHTaM BMKOHAHO BHYTPILUHbOOYEPEBUHHY NNacTuky cityactum imnnaHtom (IPOM). Bueuamm po3noain nauieHTiB 3a BikoMm,
CTaTTio, IHAEKCOM Macu Tina, TUMOM rpuxi (NepBUHHA BEHTPanbHa, nicnsionepawiiHa), po3noain nauieHTiB 3a LUKarnow puankie
AMepuKaHCbKoro ToBapucTea aHectesionoris (ASA).

Pe3yabtati. [pynn gOCnimkeHHs BipOrigHO He BIAPI3HANMCS 3a CTaTTIo, CepeaHiM BiKOM, PO3MNOAiNioM 3a TUMOM Ui, iHAEKCOM
Macu Tina XBopuX, pesyrnbratamu 3a wkanoto ASA, po3mipom rpuxoBoro oteopy. OTxe, rpyniu LOCimKeHHs 3icTaBHi. TpuanicTb
onepadii y 1 rpyni craHosuna 73,17 7,43 xgunuuu, y 2 rpyni — 70,93 + 8,84 XBUNUHW, pi3HULSA CTAaTUCTUYHO HE JOCTOBIpHA.
IHTeHcuBHICTL 6omto Yepes 12 roguH nicns onepadi B 1 rpyni ctaHosuna 5,24 + 0,60 6ana, y 2 rpyni — 5,02 + 0,45 6ana, BigmiH-
HOCTi CTaTUCTUYHO He BipOriaHi. IHTEHCHBHICTb Gonto Yepes 8 aib nicns onepauii y 1 rpyni ctaHosuna 2,88 + 0,31 6ana, y 2 rpyni
—2,75 10,43 6ana, pi3HNLSA CTAaTUCTUYHO He JOCTOBIpHA.

BiporigHa pi3HnLsS 32 YaCTOTOK BUHUKHEHHS PaHHIX YCKaaHeHb He BusiBrieHa. MpoTarom 22 MicauiB crnocTepexeHHs 06cTexunim
41 (91,11 %) nauieHta 3 1 rpynu Ta 40 (90,9 %) xBOpWX i3 2 rpynK, YCKNaaHEHb He BUSIBIEHO.

BucHoBku. JlanapockoniyHa nnacTvka BeHTpasnbHoI rpuxi 3abe3neyye 3a0BinbHi pe3ynsTaTi B acnekTi 6e3nek 1 epekTMBHOCTI.
Onepauist IPOM plus € 6e3ne4Hoto, LOCTYMHOK Y BUKOHAHHI Ta Mae MOXIUBI NepeBaryt MOPIBHAHO 3i CTaHAAPTHO onepaLieto
IPOM. He3anoBinbHi pesynsraT, L0 OnMCaHi B HAYKOBIi niTepaTypi, IMOBIPHO, NOB'A3aHi 3 HE3ANEXHUMW 3MIHHUMU, SIK-OT TUM
CiTKW, TMN LUBA Ta TEXHiKa BUKOHAHHS onepaLlii.

3anopisbkuin MeguuHuii xxypHan. Tom 26, Ne 2(143), 6epeseHb — kBiTeHb 2024 p.
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Abdominal wall defects are a common surgical presentation
and indication for surgery worldwide with an estimated
prevalence of about 5 % in the general population [1,2].

The rising incidence of ventral hernias (VHs), basically,
is driven by an increasingly obese population, a larger
number of abdominal surgeries and ageing. VHs may be
asymptomatic. VH symptoms such as pain and discomfort
can significantly impact quality of life and definitely be as-
sociated with impaired body image. In addition, there are
risks of bowel obstruction, incarceration, and strangulation.

Since Karl Leblanc introduced laparoscopic VH repair
(LVHR) in 1993 [3], it has steadily gained recognition as an
alternative to open VH repair due to better postoperative
outcomes [4,5].

Aim
To evaluate the intraperitoneal onlay mesh repair with

closure of fascial defect (IPOM plus) versus intraperitoneal
onlay mesh (IPOM) for VH.

Materials and methods

A total of 89 patients with VHs with a defect between
3-12 cm who underwent a surgery in Private Enterprise
“Clinic “Medicom” (Kyiv) from 2018 to 2023 years were
enrolled in this study. All of them were randomly assigned
to two groups. Group 1 included 45 patients who underwent
intraperitoneal onlay mesh repair with closure of fascial
defect (IPOM plus), Group 2 — 44 patients who underwent
intraperitoneal onlay mesh (IPOM). The distribution of
patients by age, sex, body mass index (BMI), hernia type
(primary VH, incisional hernia), American Society of Anes-
thesiologists (ASA) score was studied. The patients with
other serious underlying diseases as well as incarcerated
hernia or emergency cases were excluded in this study.
Before a surgery, each patient was evaluated by physical
examination and abdominal sonography to measure the size
of the defect. The width of the hernia orifice was measured
as the maximum distance between the medial edges of
the fascial defect in the supine position of patients at rest.

The most common was incisional hernia. Previous open
repair using anatomical non-mesh techniques was applied
for 45 recurrent incisional hernias.

All procedures were performed under general anesthe-
sia. We evaluated operative time, postoperative pain level,
complications. We used Visual Analogue Scale (VAS) to
grade the pain level from 0 to 10 points (painless to severe
pain). The pain scores were assessed in 12 hours and on
day 8 after surgery. Ketorolac 30 mg intravenous drip was
administrated for postoperative pain relief if the pain score
was 4 points or less; an opioid analgesic was used if the
pain score was more than 4 points.

The IPOM plus procedure was performed according
to Patent of Ukraine No. 119299, the hernia orifice was su-
tured, the Parietene Composite mesh overlapping the defect
by atleast 5 cmin all directions was intraperitoneally placed
using an onlay technique and fixed to the abdominal wall
using two transmural 2/0 prolene sutures, the mesh fixation
was performed with absorbable tacks. The IPOM procedure
in Group 2 was performed according to the LeBlanc tech-
nique [3], the Parietene Composite mesh overlapping the

ISSN 2306-4145  http://zmj.zsmu.edu.ua

defect by atleast 5 cmin all directions was intraperitoneally
placed using an onlay technique and fixed to the abdominal
wall using two transmural 2/0 prolene sutures, the mesh
fixation was performed by absorbable tacks.

Post-discharge follow-up visits for the patients were
appointed on day 8, month 1 and month 3. The patients
were informed about their follow-up visits via telephone, that
ensured monitoring all the operated patients. The follow-up
of the patients ranged from 4 months to 22 months.

Chronic pain was defined as pain that lasted for
>6 months with a need for analgesic medication.

The independent t-test was used to compare age, BMI,
hernia orifice size, operative time, severity of postoperative
pain 12 hours and 8 days after the surgery. Descriptive
statistics included mean, median, standard deviation (SD).
The distribution of patient by sex, hernia type, ASA score,
postoperative complications was analyzed by Chi-square
test (x?). Differences were considered statistically significant
atp<0.05.

Results

There were 45 males and 44 females. Table 1 shows that
differences in sex, mean age, distribution of patients based
on hernia type, BMI, ASA score, hernia orifice size were not
statistically significant between the two groups. Therefore,
both groups were comparable.

Surgical outcomes are shown in Table 2.

The operative time in minutes was 73.17 £ 7.43 in
Group 1and 70.93 £ 8.84 in Group 2, demonstrating a sta-
tistically non-significant difference. It means that the IPOM
plus approach takes up an average equivalent time to the
IPOM technique. The pain score 12 hours after the surgery
was 5.24 + 0.60 in Group 1 as compared to 5.02 + 0.45 in
Group 2, showing a statistically non-significant difference.
The pain score 8 days after the surgery was 2.88 + 0.31 in
Group 1 as compared to 2.75 £ 0.43 in Group 2, also indi-
cating a statistically non-significant difference.

There were no significant differences in the incidence
of early complications between the two groups. In Group 1,
1(2.22 %) patient developed port-site seroma, it was punc-
tured under sonographic guidance. In Group 2, postopera-
tive complications occurred in 2 (4.55 %) cases, in one of
these, a patient developed port-site hematoma, which was
punctured under sonographic guidance and coagulated;
the other one developed port-site infiltrate, which was
successfully treated conservatively. There were no cases
of conversions to open surgery in both groups.

41 (91.11 %) patients of Group 1 and 40 (90.9 %) pa-
tients of Group 2 were evaluated over 22 months follow-up
period. No complications were recorded.

Discussion

Older adults are at increased risk of developing VH due to
weak anterior abdominal wall and impaired mechanisms
of tissue repair.

Hence, S. G. Parker et al. [6] have identified three
patient variables (female sex, age 65 years or less, and
BMI higher than 25 kg/m?, 30 kg/m?, 35 kg/m? or 40 kg/m?),
5 patient co-morbidities (smoking, diabetes mellitus, chronic
obstructive pulmonary disease, ASA grade IlI-1V, steroid
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Table 1. Patient demographics and hernia characteristics

Parameter, units of measurement Group 1,n =45 Group 2,n =44

Male / female 23/22 22/22 0.9170
Age, years 48.84+6.73 50.02 £5.99 0.3850
Primary linea alba / primary umbilical / incisional hernia 3/19/23 4118122 0.9130
BMI, kg/m? 27.99+1.92 28.8+2.36 0.0789
ASAL/IE/ I 112717 10/26/8 0.9400
Hernia orifice size, width in cm 5.88+1.78 522+1.42 0.0567

Table 2. Surgical outcomes

Parameter, units of measurement Group 1,n =45 Group 2,n =44

Operative time, min 7317+£743 70.93+8.84 0.1987
VAS score 12 h after the surgery 5.24 +0.60 5021045 0.0540
VAS score 8 days after the surgery 2.88+0.31 2.75+0.43 0.1049
Short-term postoperative complications Developed port site seroma — 1 Developed port site hematoma - 1; 0.4795

Developed port site infiltrate — 1

usage), two hernia-related variables (incisional / primary,
recurrent / primary), six intraoperative variables (biological
mesh, bridged repair, open as opposed to laparoscopic
surgery, suture as opposed to mesh repair, onlay / retro-
rectus, intraperitoneal / retrorecus) and six postoperative
variables (any complication, surgical-site rate, wound
infection, seroma, hematoma, wound dehiscence) as sig-
nificant prognostic factors for VH recurrence. Progressively
increasing risk of VH formation with each increase in BMI
above 25 kg/m? has also been documented [7].

However, there is some controversy over different
approaches to LVHR. The popular laparoscopic approach
is IPOM repair, when IPOM is placed with at least a 5 cm
overlap to cover the hernia defect (without a defect closure)
[3]. Nevertheless, this approach creates space between the
mesh and the overlying hernial sac, which is believed to be
the cause of seroma formation [8]. Age had no effect neither
on seroma nor on recurrence in the study of F. Muysoms et
al. [9], but was associated with a longer length of hospital
stay in patients over 65 years.

In a study by Dimitrios Prassas et al. [10], laparoscopic
IPOM combined with electric cauterization of the hernia
sac significantly reduced the rate of postoperative seroma
compared to the IPOM technique in patients with ventral
and incisional hernias, which is inconsistent with our study
results.

Postoperative hematomas are considered among the
most serious complications. In our study, we have observed
one port-site hematoma case (1.12 %) in an obese patient
who was successfully managed by cauterization. Hemato-
ma prevalence is estimated to be between 0.4 % and 4.0 %
in the literature [11,12].

We agree with S. G. Parker [13] that a significant
increase in VH defect width is positively correlated with
higher recurrence rates.

LVHR is a preferred procedure to correct abdominal
wall defects. Seroma and recurrence are the main post-
operative complications which are related to obesity. Other
complications, such as chronic pain, ileus, and hematoma
occur less frequently and can be avoided by following the
guidelines for LVHR.

Closure of fascial defect appears to decrease post-
operative morbidity and give chance for good mesh
fixation. Several reports have indicated the effectiveness

3anopisbkuin MeguuHuii xxypHan. Tom 26, Ne 2(143), 6epeseHb — kBiTeHb 2024 p.

of IPOM plus [14,15,16], and a recent systematic review
has concluded that IPOM-plus was more effective than
IPOM [17,18].

The underlying mechanism that causes tension on the
suture line of the fascial closure is the nonfunctioning central
portion of the abdominal wall that can protrude into the her-
nia sac due to intraabdominal pressure. To circumvent these
problems, the International Endohernia Society guidelines
suggest that IPOM-plus may produce less tension on the
suture line of the fascial closure [19,20].

Conclusions

1. Laparoscopic ventral hernia repair provides satisfac-
tory results in terms of safety and efficacy. Thus, IPOM plus
repair is safe, feasible and offers possible advantages over
the standard IPOM repair as reported in the literature.

2. Inconsistent results in the literature are probably
related to independent variables such as the type of mesh,
suture and closure techniques.
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OpwuriHaAbHI AOCAIAXKEHHS

ImyHoricToximiuHa XxapakTepucTHKa eniteniaAbHO-Me3eHXiMaAbHOI
TpaHcpopmMaLii B NPOTOKOBIN aA€HOKApLMHOMI MiALLAYHKOBOI 3aA03U

M. A. WnwkiH®*AEF B, 0. KabaueHko®ABCDE

3anopi3bkuni AepxaBHUIA MeAUKO-GapMaLIEBTUUHUIA YHIBEpCUTET, YKpaiHa

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

F - octatouHe 3aTBEPAXEHHS CTaTTI

BupiluanbHy ponb y po3BUTKY NPOTOKOBOI afeHoKapLMHOMM NiginyHkoBoi 3anoau (MAMM3) sigirpae enitenianbHo-me3eHxiManb-
Ha TpaHccopmauis (EMT). B HaykoBil nitepaTypi HaBe4eHO HEQOCTaTHI i Cynepeqnuei AaHi Lwodo ocobnmneocTen exkcnpecii
eniTenianbHUX i Me3eHxiManbHUX Mapkepi y npotokax MAM3 i 3oHi EMT. Lle aktyaniaye gocnimkeHHs poni EMT y possutky Ta
nporpecysaHi MAM3.

Merta po6oth - 30 ACHATM KOMMIEKCHE OLiHIOBaHHS eniTenianbHuX i MeseHximanbHux Mapkepis EMT y npotokax MAM3 i 30Hi
EMT npw pi3Hux cTyneHsx audepeHLitoBaHHs.

Marepianu i metoan. BukoHanu komnnekcHe natoMopchonoriyHe Ta iMyHOrCTOXIMIYHE JOChimKeHHs 49 BuUNaakiB onepawii-
Horo marepiany xsopux Ha MAlM3, skuit noginunu Ha rpynu nomipHoro (G2) Ta HKU3bKOro CTyneHs audepeHuitoBaHHs (G3)
MYXIWH.

Pesynbratu. MAMN3 xapaktepuayeTbCs HU3bKUM piBHEM ekcnpecii E-kaarepuHy i B npotokax, i B EMT — Me = 22,58 % [12,81;
36,23] Ta Me = 25,17 % [19,04; 35,37] BignosigHo (p > 0,05). Y npoTokax BusiBneHa Tinbku membpaHHa ekcnpecis, y 3oHi EMT —
MeMbpaHo-LmTonnasmaTiHa exkcripecis Mapkepa 6e3 4OCTOBIPHOI pisHULL B rpynax. BcTaHoBWMM BiporigHe 3HKEHHS ekcrpecii
B-kateHiHy B npotokax (p < 0,05) npu G2 i3 membpaHo-LuTonnasmartnyHum 3abapeneHHsm (Me = 15,58 % [10,42; 26,24]),
npn G3 — 3 membpanHum (Me = 4,42 % [2,35; 5,93]). Y 30Hi EMT B 060X rpynax BusBunm Tinbki MembpaHo-LuTonnasMaTuyHy
ekcnpecito 6e3 gocToBipHoi pisHuui (p > 0,05). Y 100 % MAMM3 Bu3HayeHa MembpaHHa ekcnpecis CK7, LOCTOBIPHO Hikya npu
G2 (Me =19,51 % [10,70; 27,24] npotv Me = 26,19 % [20,93; 30,05] npn G3, p < 0,05), Ta CK18 (Me = 21,34 % [9,68; 29,96] — npu
G2, Me = 22,50 % [8,24; 40,08] — npu G3, p > 0,05). Excnpecito a-SMA Ta Vim B1siBUAN Y BEPETEHOMOMIBHNX KIiTUHAX CTPOMY,
HaBKoro Ty6ynspHuX | TpabekynsipHUX CTPYKTYp i3 MeMbpaHo-LyTonnasMaTiHnmM 3abapBneHHsM. He BCTaHOBMNM BiporigHy
pisHuuto 3a a-SMA npu G2 i G3, a piBeHb BIMEHTUHY JOCTOBIPHO H4niA npu G3 (p < 0,05).
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BucHosku. OcobnnsocTi ekcripecii Mapkepis E-kaarepuHy, B-kateHiny, CK7 ta CK18 npu MAT3 cBigunTh npo GinbLu BUpaxeHuit G- 427133
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M. A. Shyshkin, V. 0. Kabachenko

The epithelial-mesenchymal transition (EMT) plays a crucial role in the development of pancreatic ductal adenocarcinoma (PDAC).
There are insufficient and contradictory data in the scientific literature on the peculiarities of epithelial and mesenchymal marker
expression in PDAC ducts and EMT zone, which requires further research on the role of EMT in the development and progression
of PDAC.

Aim: to conduct a comprehensive assessment of epithelial and mesenchymal markers of EMT in the PDAC ducts and EMT zone
at different degrees of differentiation.

Materials and methods. A comprehensive pathomorphological and immunohistochemical examination including 49 cases of surgical
material from patients with PDAC, divided into groups of moderate (G2) and low degree of tumor differentiation (G3).

Results. PDAC was characterized by low levels of E-cadherin expression in both ducts and EMT — Me = 22.58 % [12.81; 36.23] and
Me = 25.17 % [19.04; 35.37], respectively (p > 0.05). Only membrane expression of the marker was detected in the ducts and mem-
brane-cytoplasmic one — in the EMT zone without significant differences in the groups. There was a significant decrease in the ductal
B-catenin expression (p < 0.05) in G2 with membrane-cytoplasmic staining (Me = 15.58 % [10.42; 26.24]), in G3 — with membrane
(Me = 4.42 % [2.35; 5.93]); in the EMT zone, only membrane-cytoplasmic expression was observed in both groups without significant
difference (p > 0.05). Membrane expression of CK7 was positive in 100 % of PDAC, significantly lower at G2 (Me = 19.51 % [10.70;
27.24]; Me = 26.19 % [20.93; 30.05], p < 0.05), and CK18 (Me = 21.34 % [9.68; 29.96] — in G2, in G3 — Me = 22.50 % [8.24; 40.08],
p > 0.05). Expression of a-SMA and Vim was seen in spindle-shaped stromal cells, around tubular and trabecular structures with mem-
brane-cytoplasmic staining. There was no significant difference between a-SMA in G2 and G3, the level of vimentin was significantly
lower in G3 (p < 0.05).

Conclusions. The features of PDAC E-cadherin, -catenin, CK7 and CK18 marker expression indicate a greater EMT process at
the periphery of the tumor and its severity increases with tumor progression. The optimal markers to determine the mesenchymal
phenotype of PDAC cells are a-SMA and vimentin.
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Y po3BuTKy GaraTbox BMAIB paky, 30Kpema i NpoTOKOBOI
afeHoKapLUmMHoMK nigwinyHkoBoi 3anoau (MAMM3), nposiaHa
porb HanexmTb enitenianbHo-Me3eHXiManbHin TpaHcdop-
mauji (EMT). 3a saHumu ¢haxoBoi nitepatypm, arpecyBHICTb
MAN3 kopentoe 3 EMT [1].

EMT — mopdponoriyHa kniTuHHa nporpama eHoTh-
MOBOrO Nepexoay KMiTWH Big eniTenianbHoro 4o MeseH-
XimMarbHOro CTaHy, ane B HayKoBIl niTepaTypi Onu1caHo i
MPOMXHI, ribpyaHi enitenianbHi 1 Me3eHxiManbHi eHOTVMK
AK YacTkoBi EMT [2,3]. BBaxatoTb Takox, L0 Npu Pi3HMX
Buaax paky EMT BifpisHAETHCS PIBHOMAHITHICTIO (OYHKLiA,
a TaKoX BUSIBINEHA pi3Ha CXUIbHICTb paky A0 Pi3HUX CTaHIB
EMT 3anexHo Big cTagii. Tak, 3rigHO 3 AaHuMKM ¢haxoBoi
nitepatypw, npu MAM3 ponb EMT BigpisHaeTbCs B iHLLMX
KapLMHOM (SIK-OT paKy MOno4Hoi 3anosu) [3,4,5].

Y NepBUHHNX MyXIMHaX BUSBMSKOTb HU3bKY KiNbKiCTb
pakoBWX KMiTUH, WO npoxoasaTb EMT, a BinbLwicTb KIiTUH,
LU0 LIMPKYTOKOTb, EKCMPECYHOTh i eniTenianbHi, i Me3eHxi-
marbHi Mapkepy. Tomy, 3a pesyrnsratamm HayKoBWX AOCHi-
[DKeHb, iHinbTpaLlis 1 aucemiHaLlis MoxyTb BinbyBatucs
nig Yac EMT, wo nigteepmxye ponb EMT B nporpecyBaHHi
3nosikicHoro npouiecy [6,7,8]. BTim, okpemi aBTopu nigaatoTb
CyMHIBY AymKy ripo Te, 41 € EMT nepegymoBoto meTacta-
3yBaHHs1, 0cobMBO KomoHiaaLii [9].

Ocobnmsocti EMT npw pisHux Bugax paky BUBYaKOTb
3a eKCnpecielo MapkepiB eniteniansHoro (E-kagrepuH,
[-kaTeHiH, LMTOKEpaTUHN) | ME3EHXIManbHOTO (BIMEHTUH,
a-SMA) doeHoTmnie. Y npoueci EMT BinbyBaeTbes BTpata
MiKKMITUHHOT aaresii, OfHMMM 3 OCHOBHUX KOMIMOHEHTIB SIKO|
B HOPMarbHiIiA | MyXMWHHIA TKAHWHI € KaArepuHu i KaTeHiHu
[9,10,11]. Ans 6inbLUOCTi 3NOSKKICHUX MyXJIMH XapaKTepHi
BTpaTta abo piske 3HWKEHHs ekcnpecii E-kagrepuHy Ta
sifiepHa TpaHcrokaLis 3-kaTeHiHy. BBaxatoTb, LU0 ekcripecis
E-kagrepuHy Kopentoe 3 iHBa3UBHICTIO MyXNHW Ta MeTacTa-
3yBaHHSAM, @ OTXKe 3 MoraHUM KniHivyHUM nporHo3om [10,11].
3rigHo 3 iHWwMKU ganumu, knituHu TAM3 nigTpumyoTb
membpaHHy excripecito E-kaarepuny [11].

Ponb B-kaTeHiHy npu 3nosikicHUX npouecax 3anu-
WwaeTbcs auckytabenbHow. Ekcnpecia mapkepa moxe
KOpEentoBaTh 3 KIiHIko-MOpdhonoriYHMMmM 0cobnMBOCTAMM
paKoBOro NpoLecy, ane iHLWi AOCiMKEHHS He NiATBEPMXY-
I0Tb 3aNEeXHICTb PiBHA eKcnpecii BiA kaHueporeHesy [12].
ToMy BMBYEHHSI LIbOrO MapKepa 3a/1LIaeTbCst aKTyarnbHUM.

BaxnvBy ponb y nobyaoBi LMTOCKENeETY, KpiM Kagre-
PVHIB i KaTeHiHiB, BigirpatoTb LmTokepaTuhn (CK), wo e
MPOMDKHIMM chirlaMeHTaMu. [xHs OCHOBHa ChyHKLis Nonsirae
Y CTBOPEHHI BHYTPILLUHBOKIITUHHOTO KapKacy, MexaHiqHin
nigTpUMLi Nna3MaTu4Hoi MemopaHu B MICLISIX CTUKAHHS 3
IHLUMMU KIITUHAMM | NO3aKMITUHHUM MaTPUKCOM, NiATPUML
AAepHOi 0OOMOHKM.

AZneHoKkapLMHOMM eKCrPeCyoTb Nepeaycim LnTokepa-
TWHK ogHoLwaposoro enitenito CK8, CK18, CK19 i, yacto,
CK7. LiutokepatuH 7 BU3Ha4YeHWIA Sk Mapkep ineHTudikaLii
HOpMaribHUX | HOBOYTBOPEHWX MPOTOKIB MiALLINYHKOBOT
3ano3u (I13), ockirnbkm NOro BBaXaroTb «KIAaCUYHOK» NPo-
MiKHOIO KIiTMHOKO npoTokoBoi knituhy M3. CK18 Bigrpae
BaXMBY POnb Y KMITUHHWUX npouecax: anontosi [13,14],
MIiTO3i, NPOrpecyBaHHi KMITWHHOTO LMKIY Ta KMiTUHHIN cur-
Hanizavji [14]. 3a faHumMK HaykoBOI niTepaTypu, BUCOKa
koHueHTpauis CK18 kopentoe 3i WBMAKMM MeTacTasyBaH-
HSIM, @ TAKOX 3 OAHOPIYHO BUXKMBAHICTIO Micns XiMieTepanii
[13,14]. Ons oudbepeHLiaLii KNiTUH eniTenianbHOro NOXo-
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[PKEHHS MPOMOHYIOTb KOMMIMEKCHE OLiHIOBAHHS MapKepiB
CK18, CK8 i CK19. 3asHaunmo, Lo B JOCTYMHil haxoBii
niTepaTtypi HaBeAEHO HEAOCTATHLO JaHUX NPO AiarHOCTUYHY
xapakTepucTuky kombiHaLii umtokepatuHis 7 i 18 Ta ix
KOMMIEKCHe OLiHIOBaHHS 3 IHWWMKM eniTenianbH1Mn Map-
kepamu, sik-oT E-kagrepuHom i B-kateHiHom, npu MAMN3.

Brpara E-kagrepuHy mMoxe npusBecTu [0 nepexomy
MEeBHUX eniTenianbHUX KNiTMH 40 Me3eHXiMarnbHoro cTaHy
[15]. 3a maHMMK HaykoBOI NiTepaTypu, exkcrpecisi BiMeH-
TWUH-MO3UTUBHUX KMITUH Y MYyXIUHHIA CTPOMI KOpentoe 3
MpOrpecyBaHHsM 3MosIKICHOrO MPOLIECY, HAsBHICTIO Binaane-
HWX METacTa3iB i NOripLUEHHsSM NPOrHo3y. € TakoX rinoTesa,
O BIMEHTUH € PaKTOPOM MPOTUMYXIMHHOTO iIMYHITETY i
MPUrHIYEHHS MYXIIMHHOTO POCTY, @ OTXe MOXe Aonomara-
TV B NiKyBaHHi paky. HesBaxaroun Ha YUCheHHi gaHi npo
BaxnmBy porb 0-SMA B pO3BUTKY 3MOSIKICHOTO MPOLIECY,
€ KOHTpaprymeHTV npo a-SMA K HalibinbLL NOCHifOBHWIA
i NnepeBaxatoumii Me3eHxXiManbHIU Mapkep, NOB'A3aHwi i3
nporpamoto EMT [15,16].

CynepeunusicTb BigjoMocTeit WOAO0 ekcnpecii
EMT-mapkepis npu MAT3, BiACYTHICTb AOCTATHIX AaHWX
npo 0coBnMBOCTI EKCMPECii eniTenianbHUX i Me3eHxiManb-
HVX MapkepiB y npoTokax MAM3 i 3oHi EMT o6r'pyHTOBYIOTH
aKTyanbHiCTb AOCTiMKEHb, CNPSMOBAHUX HA BMBYEHHS POTi
EMT y po3BuTKy Ta nporpecyBaHHi [MAM3.

MeTa po6oTtu

3AiACHATI KOMMIEKCHE OLiHIOBaHHS eniTenianbHux i me-
3eHXiManbHUX MapkepiB enitenianbHO-Me3eHXiManbHoi
TpaHcdopmaii y npotokax MAIM3 i 3ori EMT npu piaHnx
CTyNeHsX AnuepeHLloBaHHS.

Marepianu i MeToAU AOCAIAXKEHHA

3aincH1NM KomnnekcHe natoMopdonoriyHe JOCNIAKEHHS
26 Bunagkie onepawiiHoro matepiany Ta 23 Bunagkis
iHTpaonepaLiiHMX NaHkpeaToTpenaHobioncil navjeHTiB i3
MANS. MNauieHTiB NoAINUAM Ha ABi rpynu: y NepLLY 3anyy4mnm
XBOPUX i3 MomipHuM (G2) cTyneHem AudepeHLiitoBaHHS
(26 Bunagkis); y apyry — 3 HU3bkum (G3) cTyneHem gude-
peHLitoBaHHs NyxnuHu (23 Bunagku). Bik navieHTis cTaHo-
BB BiA 39 Ao 83 poki, cepenHin Bik — 62,15 + 2,34 poky.
£K 3paskv rpynu KOHTPOMIO BUKOPUCTanW ayTOMCINHWIA
matepian nigwnyHkoBoi 3anosu 10 nomepnux nauieHTis
BIiKOM 56—73 pOKM; y LMX NawjeHTIB, 3a pesynsratamy aHa-
i3y KniHiko-MopdonoriYHnx faHux, He 6yno 3axBoproBaHb
MigLWyHKOBOI 3a103N.

Martepian ans 4ocnimKeHHs — LUMaToYKM TKaHWHM 13,
ikcoBaHuin y 10 % posunHi 3abycepeHoro dopmarniHy,
3anuTuit y napadiHosi 6noku. CepiltHi napadiHoBi 3pisu
3aBTOBLUKM 4 MKM fenapadiHyBanu 3a cTaH4apTHOW
cxemoto Ta 3abapBntoBany reMaToKCUMiHOM Ta €031HOM
[ANsi BUBYEHHS 0cobnnBocTe rictonoriyHoi 6yaosm MAMM3.
[icToxiMiYHi xapakTepucTMkm 3paskie cTpomm N3 BuBYanM
3a jonomoroto 3abapsreHHst MaccoH Tpuxpom.

ImyHoricToximivHe (IFX) BOCTIMKEHHS BUKOHANM Ha
fenapacdiHoBaHuX i perigpataToBaHWX CEpiNHUX 3pisax
(3aBTOBLUKM 4 MKM) 3@ CTaHOAPTHOI MeToauKow. Bu-
KopuCTanu nepBuHHI aHTuTIiNa npotu E-kagrepuny (Mo
a-Hu E-Cadherin, Clone EP 700 Y, «Thermo Scientificy,
CLUA), B-kateHiHy (Mo a-Hu Beta-Catenin, Clone E-247,
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«Thermo Scientific», CLUA), untokepatudy 7 (Mo a-Hu
Keratine 7, Clone OV-TL 12/30, «Thermo Scientificy, CLLA),
untokepatuHy 18 (Mo a-Hu Cytokeratine 18, Clone DC10,
«DAKO», [lanis), rnagkom’a3osoro aktuHy a-SMA (Mo
Alpha Smooth Muscle Actin, Clone 1A4, «<DAKO», [laHis),
BiMmeHTUHy (Mo a-Hu Vimentin Ab-2, «Thermo Scientificy,
CLUA). 3pisn gosabapsntoBany remarokcuniHom Maepa,
3akrnioyany B 6anb3am.

Pesyneraty IMX-gocnimpkeHHs BUBYany 1 OLiHoBany 3a
ponomoroto Mikpockona Axioplan 2 (Carl Zeiss, ®PH). 3piau
¢hoTorpacpyBanu (m'siTb CTaHAAPTM30BaHMX MIKPOCKOMIYHMX
nonis 3opy, 36inbLeHHs x200) urdpoBoto GoTokamMeporo
Axiocam 105 Color ZEISS (®PH).

PiBHi ekcnpecii IMX-mapkepiB ouiHoBan# MeTogomM
¢hoToumdpoBoi MOPGOMETPIT 3 BUKOPUCTAHHAM MEANYHOT
nporpamu onpavoBaHHs LyrdpoBoro 306paxeHHs Imaged
[12]. Bukopuctosyeanu nnarii Colour Deconvolution Ta
cxeMy aHarisy 3abapeneHHs «tHDAB» (hematoxylin + DAB)
B aBTOMATU4YHOMY PEXUMI.

[ing MOpHhOMETPUYHOTO BUMIPIOBAHHS BiAHOCHOI MIOLLj
iMYHOMO3WTUBHIX CTPYKTYP (eniTenianbHi mapkepm — E-ka-
ArepuH, B-kateHin, untokepatut 7 (CK7) Ta uuTokepatut
18 (CK18); meseHxiManbHi Mapkepy — rmagkom’ s30Bui
akTuH (aSMA), BimeHTuH (Vim)) y BigdinsTpoBaHOMy
DAB-kaHani 306paxeHHs BCTaHOBIIOBaNM CTaHgapTu-
30BaHWiA nopir YyTnmeocTi (iHcTpymeHT Threshold) ans
cerMeHTaLlii 306paxeHHs), Lo po3noginsie yci nikceni Ha
[Ba Tvnm — 6ini Ta YopHi. HacTynHui eTan — oB4YncneHHs
BiHOCHOI MIIOLL, 5Ky 3aMMatoTb iMYHOMO3WUTUBHI CTPYK-
Typu. ObpaxyBanu BifCOTKOBE CMiBBIAHOLIEHHS KiNbKOCTi
nikceniB LydpoBoro 306paxeHHs No3unTHUBHOI IMX-peakuii
[0 3aranbHoi KinbKocTi nikcenis y 306paxeHHi. paayrosanu
Ha TPW rpynu: HU3bKWIA NOKa3HUK BiBHOCHOI nnowwi [MX-no-
3UTUBHUX KIITUH — 0-25 %; nomipHuii — Big 26 % 80 75 %;
BUCOKWIA NokasHuK — Big 76 % 8o 100 % BigHOCHOI NoLLi
iMyHO3abapBReHNX KMiTUH.

CTat1cTYHO pesynbTaTi JOCTISKEHHS onpaLoBanm
Ha nepcoHansbHOMy komn'toTepi B nporpami Statistica
13.0 (StatSoft Inc., niueHsis Ne JPZ8041382130ARCN10-J).
ObuucnioBanu megiaHy (Me), HWXKHIN | BepxHili kBapTuni
[Q1; Q3]. MopiBHANbHWUIA aHani3 y rpynax AOCHMKEHHS
BUKOHaNM 3 BUKOPUCTaHHAM KpuTepito ManHa-BiTHi. [ns
KopensLiHoro aHanidy BukopucTani koediuieHT lNipcoHa
(r) Ans HenapameTpyyHKx ganux: npu rsig 0,10 fo 0,29 Bu-
3Havanu cnabkuii 38'a30k, r = 0,30-0,69 — nomipHwiA, r no-
Hag 0,7 — CUnbHWI 38’A30K CMONyYeHHs 03HaK. PesynstaTtu
BBaXarm CTaTUCTUYHO JOCTOBIpHUMM npu p < 0,05.

Pe3yabtati

MMAMM3 Bigpi3HAETLCS NOMIPHUM i HU3BKM CTYNEHEM Aude-
peHujadii. B matepiani, Wwo gocnigunu, NOMIpHWA CTyNiHb
IndepeHuitoBaHHs (G2) BctaHoBUnM y 45,65 %, HU3bKII
(G3) -y 54,35 % Bunagkis.

IMX-aHani3 3paskiB A3 nokasas MeMOpaHO-LMTO-
nnasmatuyHy ekcnpecito E-kagrepuny B 100 % Bunapkis.
MAMM3 xapakTepu3yeTbCsl HU3bKUM PiBHEM €Kcnpecii
mapkepa i B npotokax (Me = 22,58 % [12,81; 36,23)), i B
30HI EMT (25,17 % [19,04; 35,37]). Tinbku membpaHHe
3abapBneHHs BU3Haumnu B ApiOHNX TyOynapHux i Tpabeky-
NAPHUX KOMMeKcax y nyxnuHax i3 G2 i G3 piBHaAMM ande-
peHLitoBaHHs. MembpaHo-LmTonnasmatuiHe 3abapBneHHs
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BUSIBUIIW B OKPEMUX APIBHWX PaKOBMX KNITUHAX Y MyXMMHAX
i3 G2 piBHeM AuepeHLitoBaHHs (puc. 1) Ta B nnacrax, Lo
cchopMOBaHi APIOHUMY PaKOBUMM KIITUHAMMY, Y MyXIHaX i3
G3 piBHEM AndepeHLitoBaHHS (puc. 2). Y nepLuin rpyni ekc-
npecis E-kagrepuHy B npoTokax ctaHosuna Me = 22,48 %
[12,82; 37,81], y 30Hi EMT — Me = 26,23 % [19,29; 35,79];
y Apyriv rpyni — Me = 22,68 % [12,79; 31,23] y npotokax,
Me = 24,55 % [16,71; 30,37] y 30oHi EMT.

MapanenbHe IMX-gocnimkeHHs B-kaTeHiHy nokasano
TaKoX MembpaHo-LMTonnasmaruyHy ekcrpecito B Tpabe-
KynsipHux i Ty6ynapHux ctpyktypax npu G2 MAM3. Mpu
G3 Br3Havanu Tinbkv MembpaHHy eKCrpecito B TyBynsipHux
i TpabekynsipHUX CTPYKTYpaX, a B NnacTax i3 pakoBUX KIiTUH
— MemMbpaHo-LmMTONMa3mMaTuyHy eKCrpecit. Y npoTokax
MAM3 ekcnpecis mapkepa ctaHosuna Me = 13,97 % [5,72;
24,28), y 30Hi EMT —Me = 11,71 % [6,29; 24,44]. Y nepLuin
rpyni piBeHb ekcnpecii B-kaTeHiHy B NPOTOKax CTaHOBWB
Me = 15,58 % [10,42; 26,24], y 3oHi EMT — Me = 11,41 %
[6,72; 24,19]. Y ppyrin rpyni ekcnpecis B-kaTeHiHy B 30Hi
EMT nyxnuH craHoBuna Me = 13,42 % [2,90; 25,97], a
B npotokax — Me = 4,42 % [2,35; 5,93], ue noHag yTpudi
HVk4e 3a nokasHuk B EMT (p < 0,001).

IMX-aHani3 enitenianbHnx mMapkepis CK7 i CK18 no-
kasaB audyaHy membpanHy ekcripecito B 100 % Bunapkis.
Exkcnpecia CK7 ctaHosuna Me = 13,03 % [8,40; 19,52,
CK18-Me =8,54 %[5,99; 10,23], ue B 1,52 pasa Huxue 3a
nokasHuk ekcnpecii CK7 (p < 0,05). Excnpecito CK7 BusiBu-
NN TiNbky B TYBYNApHUX | TpabekynspHUX CTPYKTypax: npu
G2 Me = 19,51 % [10,70; 27,24], npn G3 - Me = 26,19 %
[20,93; 30,05], p > 0,05. Ekcnpecito CK18 BusHaumnnu
Tinbkn B TyOYNspHMX i TpabekynsapHUX CTPyKTypax: npu
G2 Me = 21,34 % [9,68; 29,96], npu G3 — Me = 22,50 %
[8,24; 40,08], p > 0,05.

Excnpecisi BimeHTuHy BusiBneHa B 100 % Bunagkis,
mMeMbpaHo-LmMTONNasMaTuiHa — B BepeTeHonogibHNx
KMiTYMHAX CTPOMM MYyXIMHW, WO LLiMBHO OTONYIOTb ApPIGHI
TyOynspHi komnnekcw Ta Tpabekynu. Llen nokasHuk cTa-
HouB Me = 25,10 % [15,06; 35,09], xapaktepu3yBaBcs
[OCTOBIPHUM 3HWKEHHAM Y NyxnuHax G3 nopiBHSHO 3
TakuM Npo CTyneHi andepeHuitoBaHHa G2: Me = 18,27 %
[10,94; 30,63] npotn Me = 27,04 % [19,59; 36,77], p <0,05.
Y nyxnnHax G2 iMyHONO3WUTHBHI pakoBi KNiTUHW BEPETEHO-
noAibHoT hopmun CKyn4yBanucs HaBKOMO APIGHNX PakoBo-
3MiHEHNX TyBynspHUX i TpabekynsipHUX KOMMMEKCiB, npu
G3 — HaBKOMO KPYMHUX aHaNOr4YHNX KOMMIEKCIB.

Excnpecisi rmagkom’s30Boro aktuHy Takox y 100 %
BMNazKiB MeMOpaHo-LMTONa3mMaTyHa B KiTUHaxX CTpoMK,
craHosuna Me = 25,35 % [15,19; 34,36]. MyxnuHun pi3Hnx
CTyNeHiB AndepeHLiioBaHHS He BiAPI3HANUCS 3a PiBHAMU
ekcnpecii Mapkepa. Mpu G2 nnowia mapkepa CTaHoBWna
Me = 25,69 % [14,15; 33,88], npn G3 —Me = 25,66 % [19,95;
34,36] (puc. 3). CkynyeHHs! iMyHOMO3UTUBHIX BEPETEHOMO-
RiGHUX KMITUH BUSIBUINN HABKOMO APIOHNX PakoBO3MIHEHNX
TyOynspHuX i TpabekynspHux komnnekcie npu G2 i HaBkono
KPYMHUX aHanoriyHux komnnexkcis npu G3.

KopensiiiHui aHania nokasae crnabkuii npsamuii
KOpensiLiiH1n 3B'A30K MiX piBHSIMW ekcnipecii E-kaare-
PWHY i B-kaTeHiHy B LieHTPi nyxnuHu (koediuieHT MMipcoHa
r = +0,24), cunbHnin — y 30oHi EMT (koediuieHT lMipcoHa
r =+0,87). Y nyxnuHax i3 nomipHum cTyneHem andepen-
LLitOBaHHS! TaKOX BUSABIIEHO CabKkuiA NpsiMuiA KOPENSILLIAHWIA
3B’A30K MiX piBHSIMU ekcnpecii E-kaarepuHy i B-kaTeHiHy B
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Puc. 1. A, B: MpoTokoBa afeHokapLHoMa MiALLNYHKOBOI 3ano3in, noMipHuii (G2) cTyniHb AudepeHLitoBaHHs. A: MembpaHHa exkcnipecisi E-kaarepuHy B KNiTMHax TyGynsipHuX i
TpabekynsipHux cTpykTyp MAM3. B: MeMGpaHo-LMTONNa3MaT4YHa ekcrpecisi B-kaTeHiHy B kniTuHax TyByrnsipHuX i TpabekynsipHix cTpykTyp MAMM3.
3abapenenHs. A: Mo a-Hu E-Cadherin, Clone EP 700Y; B: Mo a-Hu Beta-Catenin, Clone E-247. 36. A, B: x200.

Puc. 2. A, B: MpoTokoBa afjeHokapLiHOMa MiALLTYHKOBOI 3aM03u, HU3bKWIA CTYNIHb AndepeHLjitoBaHHs. A: MembpaHHa ekcnpecist E-kazrepuHy B kniTuHax TyBynsipHux i TpabekynsipHux
cTpykTyp MAIM3. B: MembpaHHa ekcrpecisi B-kaTeHiHy B kniTuHax TyGynsipHux | TpabekynspHux cTpyktyp MAM3.
3abapeneHHs. A: Mo a-Hu E-Cadherin, Clone EP 700Y; B: Mo a-Hu Beta-Catenin, Clone E-247. 36. A, B: x200.
bt
& -"

Puc. 3. Excnpecisi rnagkoM’i30BOro akTuHy B BepeTeHonoAibHux knituhax ctpomu MAM3 npu nomipHomy (A) Ta HU3bkomy (B) CTyneHsx AndepeHLiloBaHHs.
3abapeneHHs A,b: Mo Alpha Smooth Muscle Actin, Clone 1A4. 36. A, B: x200.

130 ISSN 2306-4145 http://zmj.zsmu.edu.ua Zaporozhye medical journal. Volume 26. No. 2, March — April 2024



OpwuriHaAbHI AOCAIAXKEHHS

LieHTPi NyxnnHu (koedilieHT Mipcona r = +0,10), nomipHuiA —
y 30Hi EMT (koediuieHT MipcoHa r = +0,36), a Takox npsmui
KOpenaLiiHWiA 3B'A30K Y LieHTpi | Ha nepudepii NyXnuHm
Mpy HN3bKOMY CTYNEeHi AMdepeHLiitoBaHHS (koedilieHT
MipcoHa r = +0,36).

Kopensuinnuin anania MipcoHa mix CK7 i CK18 y nyx-
NMHAX i3 MOMIPHUM CTyneHem AnepeHL;iloBaHHS Nokasas
npsIMUIA NOMipHWIA 38'A30K (r = +0,60, p < 0,05), y nyxnuHax
i3 HU3bKUM CTyneHem AuepeHLitoBaHHS — 3BOPOTHUN
noMipHuiA 38’30k (r = -0,41, p > 0,05).

BcTaHoBUM NOMipHUIA NPSMUIA KOPENSALIINHMIA 3B’S30K
MiX Me3eHxiMarnbHUMK Mapkepamy a-SMA Ta BiMEHTUHOM
npn G2-ctyneHi gudepeHuitoBanHs (r = 0,62, p < 0,05),
cnabkuin 3BopoTHMI (r = -0,12, p > 0,05) — npu HK3bKOAW-
(hepeHuinosaHiii MAM3. AHani3 kopenaLiiHUX 3B'A3KiB Mix
eniTenianbHAMY | Me3eHXiMarnbHUMKU Mapkepamu nokasas
npv G2 nomipHUI npsimuii 38’30k Mix a-SMA | CK7, a-SMA
i CK18, mix BimeHTHOM i CK18; cnabkuii npsimuin 38’130k
— Mix BiMeHTUHOM i CK7. Mpn G3 me3eHximanbHi MapKkepu
marnv noMipHuiA npsimui 38’a30k i3 CK18 (a-SMA-r=0,35,
p < 0,05; BimeHTuH —r = 0,51, p < 0,05), a 3 CK7 - cnab-
K HeratvsHui (r = -0,29, p > 0,05; r = -0,11, p > 0,05).
Y 30Hi EMT npu G2 B13Ha4eHO NOMIpHWI NPSIMUIA 3B'A30K
MiX eniTeniansHAMK | Me3eHXiManbHUMKU Mapkepamu, a
B npoTokax — crnabkui npamui. Mpu G3 'y 3oHi EMT mix
a-SMA i E-kagrepuHoM BCTaHOBMEHO MOMIpPHUIA MPSIMUAI
(r=10,38, p < 0,05), a 3 B-kaTeHiHOM — cnabkuii NpsiMmii
3B'A30k (r = 0,18, p > 0,05); y npotokax a-SMA 3 oboma
eniteniansHAMM Mapkepamm BU3Ha4eHo crabkuin 3BopoT-
HWW 38'A30K. BiMmeHTUH npn G3 maB y 30Hi EMT i npoTokax 3
E-kagrepuHom cnabkwin 3BOPOTHNIA 3B'A30K, a 3 [3-KaTeHiHOM
— cnabkuii NpsMuiA 38’A30K.

06roBopeHHsA

Pesynerati focnimkeHHs NigTBepaXyH0Th, WO paHHbO
BaxmBoto nogieto EMT € BTpata enitenianbHoro oeHotmny
Ta nonspHocTi, agresii knituH, i npu MAMN3 xapakTepuay-
€TbCA 3HMKEHHAM ekcnpecii E-kagrepuHy, Lo Moxe CBia-
YUTU NPO aKTUBALito iHBA3MBHOIO POCTY i NOraHW NPOrHoO3
ans xuttsa. Li gani 3biratoTbes 3 BiZOMOCTSIMU HayKOBOT
nitepatypu [15,16]. MNMoBHa un yacTkoBa BTpaTa ekcnpecii
E-kaprepuHy BinbyBaeTbCs, 3a Aeskumn faHuvv, B 43 %
BUNaZKIB, BNIMBAE He TiNbKM HA NPOrHO3 BUXMBAHOCTI, ane
11 pO3BUTOK XiMiepeancTeHTHoCTI [11].

Ha Biamiy Big MAM3, npy iHWWX KapuUHOMaX, SK-0T
MpwW paKy MOMOYHOI 3an03u, CTPABOXOAY, LLUMyHKa, TOBCTOI
KWLLIKM, renaTokapLMHOMaX, CoCTepiratoTh Piske 3HMKEHHS
ekcnpecii E-kagrepuHy. 3a gaHumMu chaxoBoi nitepatypw,
npu MAMM3 BigbyBaeTbCa peaykuis i 3MiHa NONSPHOCTI
ekcnpecii E-kagrepuHy 3 MembpaHHoi nokaniaavii Ha noBHy
unTonnaamartiyHy [11]. Y Hawumx SOCHimMKEHHSX, HaBnaky,
BUSIBNEHa audysHa MemOpaHo-LuMTOnnasmarnyHa Ta
membpaHHa ekcnpecist Mapkepa.

3miHHa ekcripecis E-kagrepuHy B paky nigLLnyHKOBOI
3aro3u NMoauHY NigTBepAKEHa B JOCTILKEHHI, A€ BUSBN-
W, WO B AesikMX 3paskax Len mapkep Byno BTpayeHo, a
B iHLIMX BUSIBNEHa BupaxkeHa MeMbpaHHa ekcrpecis. B
OCTaHHbOMY BUMAAKY, SIK i B NPOBEAEHNX [AOCHIMKEHHSIX,
MAMN3 BupisHanaca audepeHuinoBaHMM (EHOTUMNOM:
HU3bkoaMdepeHLINoBaHNA paK XxapakTepusyBaBCs MNoB-
Hoto BTpatoto E-kagrepuny [12] i noranum nporHosom [11].
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Tinbku memBpaHHa nokanisauis Mapkepa, BusBreHa nig
yac JOCTIHKEHHS], MOXe XapaKTepuayBaTu MporpecyBaHHs
3nosikicHoro npouecy [10,11], ockinbku Taka mopdororiyHa
XapaKTepuCTIKa He BUKIHYaEe iHBA3WBHOI MOBEZHKY, KON
KIMITUHW NYXTIUHU MOXYTb BTOPTHYTUCS» B HABKOMULLHI
TKaHWHW, NPUIAMAKOYM Pi3Hi MOPONOrivHi Ta MirpaLliiHi
cxemu. Lle 3yMOBREHo TakoxX KIiTUHHO HEOAHOPIAHICTIO
6inbLUOCTI NyXNWH NIOAWHK i, BIAMNOBIAHO, BiACYTHICTIO
[OMiHyBaHHS NEBHOTO heHoTMNy. Kpim Toro, 36epeeHHst
E-kagrepuHy He BUKMtoYae, LU0 KNITUHW He nponwnu EMT,
OCKINbKM Lie mpoLiec Moxe ByTh CUMbHO NOKasi3oBaHUM i
TUMYaCOBWM, MOXeE (PyHKLIOHYBaTK SiK KOPOTKa Nporpama
NepeTBOPEHHs NPoiHBa3ii, 0bMexeHa NeBHUMK eTanamm
Ta TepMiHamu MeTacTtasysaHHs [10,11,12].

Y pesynbtati AOCMimXEHHS He BUsBMNK abcontoT-
HOI 3BOPOTHOI KOpensLii MiXX MapkepoM i arpecuBHICTIO
MAM3. Lle moxe niaTBepmKyBaTh (akT BUCOKOIHBA3NB-
HOi, arpecuBHoi NoBeAjHkK KNiTuH TMATM3 npu 36epexeHHi
AndepeHuinosaHoro eHoTuny [7,8]. Lis HesianosigHicTb
MOXe MiATBEpAKyBaTH TaKOX rinoTesy npo Te, wo EMT e
HaratocTyneHeBuM NpoLiecom, skuii nepenbadae kKinbka
(heHOTMNOBKX 3MiH | € NPOSBOM YacTKOBOTO (HeHOTUMNY
EMT [6,7,8].

OTxe, BusiBneHi ocobnmeocTi ekcnpecii E-kagrepuHy
MOXyTb CBiAYUTM NpO BigMiHHiCTb poni EMT npw MAM3
MOPIBHSHO 3 iHLWMMM KapLmHOMamm [5,8].

OpnHodacHy MemBpaHHy ekcnpecito E-kagrepuHy i B-ka-
TEHiHy Npu XonaHrioLentonspHomy paky suseunv B 37,8 %
141,94 % cnoctepexeHb BignosiaHo [9,10]. B iHwmx gocni-
[PKEHHSIX BCTAHOBMWMMW MO3UTUBHY MeMOpaHHY eKCrpecito
[-kaTeHiHy, acouiioBaHy 3 /oro LmTonnasmMatuyHow abo
siOepHoK0 ekcnpecieto, B 78 % i HaBiTb 97 % 3nosiKicHUX
KMITUH renaToLentonsapHOro paky, npy LiboMy fokanisavis
mapKepa 3anexana Big CTyneHs audepeHuiallii nyXnmHu
[13,14]. BignogigHi 3miHK eniTenianbHMX Mapkepis, 3a
JaHnMy haxoBUX [HKEPEr, KOPENoTh 3 iHBA3MBHICTIO i
noraHum nporHo3om [13,14]. Hawwi pesynsratu 36iraiotbes
3 BiIOMUMYU JaHUMMK.

Cnabkuid NpsiMUiA KOPEnALINHUIA 3B'A30K MiXK Mapke-
pamu B LeHTpi nyxnuHu (r = +0,24) i cunbHui y 3oHi EMT
(r=+0,87) cBiguMTbL NPO B3AEMOMOB’SI3aHNIA NPOLIEC BTPATH
ekcnpecii E-kagrepuHy i HakonuyeHHs B-kaTeHiHy, BinbLu
BUPaXEHWA Y MPOTOKAX MyXIMHU, O CMIPUYMHSIE LIBUAOKY
iHBagito Ta MeTactadyBaHHs MAM3. Bussunu nocunexHs
NPSMOTO KOpensALifiHoro 38’A3Ky Mix eniteniansH1MN Map-
kepamm B 30Hi EMT i nocnabneHHs kopensiuii Big cunbHoi Ao
cnabkoi B NpOTOKax Npu 3HWKEHHI AudhepeHLiaLii nyxnuHu.
[aHi HaykoBOi niTepaTypu MiATBEPOAXYIOTb 3anexHiCTb
Kopensauii Mix enitenianbHUMM Mapkepamut Bif CTyneHs
AmdepeHuiavii nyxnuHu. Mpw HU3bkin gudeperuiavi MAM3
BUPI3HSIETLCS CYTTEBVM MigBULLEHHSAM eKCrpecii B-kaTeHiHy
Ha thOHi 3HVKEHHS ekcnpecii E-kaarepyHy, a npy nomipHoOMy
CTynMeHi AndepeHLitoBaHHs criocTepiratoTb 3BOPOTHY iMy-
HOTICTOXIMIYHY peakuito eniTenianbHUX Mapkepis [13,14].
MigTBEPAKEHO 3HAYYLLMIA 3B’'S30K MiX eniTenianbH1Mm
MapKkepamu B NePBUHHUX NyXIMHAX, 3aNeXHICTb MapkepiB
Big ricronoriyHoro ctynens [15,16]. Lie Bignosinae aaHum
Mpo Te, LU0 KNiTUHM NepBMHHOI MyxnnHm MAT3 npoxogaTts
EMT [10,15].

IMX-aHanis nigTBepans pornb CK7 sk ontumansHoro
mMapkepa MpOoTOKOBO-PaKOBOTO KOMMAPTMEHTY, B SIKOMY
cnocTepiranu udysHy MembpaHHy ekcnpecito binka.

ISSN 2306-4145  http://zmj.zsmu.edu.ua

131



Original research

Ekcnpecig CK18 Takox ouvikyBaHa. 3rigHO 3 faHumMu
¢haxoBoi nitepatypu, BTpaTa eKcnpecii LMTOKepaTuHIB
HegocTaTHs Ans inaykuii EMT, a oTxe 1 nigBuULLEHHS! iHBa-
3MBHOCTI, MeTacTtadyBarHs [10]. BBaxaloTb, LIO KNiTUHK,
ki ekcnpecytotb E-kagrepwH, ekcnpecytotb i CK18. Lle
XapaKTepHO ANs KMITUH NPOCBITHOTO ENiTENit0 3ano3ncToi
TKaHuHW. AGepaHTHa eKcrpecis eniTenianbH1X MapkepiB
E-kaprepuHy, CK7, CK18 3ymoBntoe niaBULLEHHS pyxnu-
BOCTi 1 iHBA3MBHOCTI KIITWH, @ Perynauis uux mapkepis
CPUYKHSE 3B0POTHMI Npouec [13,14]. Y Kinlbkox pakoBumx
3aXBOPIOBAHHAX NoauHK, Bkntodatoun MAM3, abepaHTHa
nepegaya curHanis Wnt/B-kateHiHy € 0gHUM 3 OCHOBHUX
YMHHWKIB NporpecyBaHHs paky [15,16].

JocnimkeHHs, Wo 34incHUNM, NiaTBEPAXYOThb 3B'S-
30K MiX aHanisoBaHUMU eniTenianbHUMN MapKepamu.
3pocTanHs exkcnpecii CK18 acoLitoeTses 3 iporpecyBaHHAM
Pi3HWX BMAIB paKy, KOPEMtoe 3 MoraHow AndepeHLialieto,
3aHenbaHoo CcTafieto Mpy NMOCKOKMITUHHOMY paky CTpa-
BOXOAY, HUPKOBO-KMITUHHOMY paky, KapLuuHOMi poTOBOi
MOPOXHWHW, paky nerexis. Mpy feskmx ageHoKapLMHOMax
(PaK MOroYHOT 321031, KONopeKTanbHWiA pak, HOCOrOTKOBA
KapLmHoma) 3HkeHHs ekcnpecii CK18 HaBnakw kopentoe
3 MpOrpecyBaHHAM MpOoLeCy, HU3bKOK AudepeHLiaLlieo
[13,14]. Mosigomnsnm, LWo 3mMiHeHa cxema ekcrnpecii kepa-
TUHY Mg, Yac Ta nicns 3nosKiCHOi TpaHchopMaLlii Moayntoe
Pi3Hi cUrHarbHi WS, Wo GepyTb y4acTb Y NPOrpecyBaHHi
MyXIUHW, 3aNeXHO Bif KOHTeKCTY [14].

Ekcnipecis me3eHxiMarnbHWX MapkepiB BIMEHTUHY Ta
a-SMA xapakTepun3ye CTPOMasbHUA KOMMOHEHT MyXMHU.
i BUABNAIOTH Y BEpETEHONOMIGHIX KNITUHAX: aKTUBOBAHMX
3ipyacTux KIiTuHax, TyMop-acoLiioBaHux cibpobnacTax.
BBaxaloTb, LU0 BIMEHTWH CpKsiE MirpaLlii KNiTVH, ki 3a3Ha-
v EMT, wnsxom iHTerpadii MexaHiyHOro HaIXOMKEHHS! 3
HaBKOMWLLHBOIO CepenoBuLLa Ta MOAYNALT AMHaMIKK Mi-
KpOTPy6OHOK | MEpexi akToMioanHy. Bifomo, LLO BIMEHTUH €
He TiNbKI CTPYKTYPHUM BIrkoM, arne v akTUBHM Y4aCHVKOM
Pi3HWX cUrHanbHKX Kackagis [14,15,16].

IMmyHonoautueHi a-SMA miodibpobnactonogibHi
KIMiTUHM BU3HAYaKOTb SiK PEMpE3eHTaTUBHY hopMmy aKTu-
BOBaHMX kaHuep-acouinoBaHux cibpobnacris. OgHak
6inbLUiCTb BepeTeHONoAiGHUX KNiTUH Y CTPOMI MYXMWHK
Takox ekcnpecysanu a-SMA. 3rigHo 3 BigomocTaMK Hay-
KOBOI NiTeparypu, kaHLep-acoLinosaHi MioibpobnacTu 3
0-SMA-N03WTMBHIM (DEHOTUMOM CTIPUYMHSAKOTH NPOTPeCy-
BaHHsI NyXI1HW, @ EKCNIPECisSt MapKepa KOPEroe 3 HU3bKUM
piBHEM BIkmBaHHS [15,16].

BucHoBKH

1. Y NpoTOKOBI aAeHOKAPLIMHOMI MiALLMYHKOBOI 3a10-
31 BUSIBNEHO Criabkuii NpsiMUIA KOPEeNALAHNIA 3B'S30K Mix
enitenianbHAMM Mapkepamm B LIEHTPI MyxnuHm (r = +0,24),
CUnbHWIA — y 30Hi EMT (r = +0,87). Lle cBigunTb npo B3a-
€MONOB’A3aHNA NpoLec BTpaTh ekcnpecii E-kagrepuHy i
HaKonu4eHHs! B-kaTeHiHy, Ginblu BUPaXeHU y NpoToKax
MyXMWHK.

2. BusiBUnu NOCUNEHHS MPSMOro KOpensyinHoro
3B’A3KY MiX eniTenianbHUMM Mapkepamu B 3oHi EMT i no-
cnabneHHs kopensuii Big cunbHoi 4o cnabkoi B npoTokax
MpW 3HMKEHHI AudepeHLiaLii NyxmmHW.

3. OnTManbHAM MapKepPOM 11151 BU3HA4YEHHS pakoBOrO
3ar031CTO-NPOTOKOBOTO KOMMAPTMEHTY NMPOTOKOBOI a€HO-
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KapLmHOMM niaLLnyHKoBoi 3ano3u € CK7, exkcnpecis sikoro
YiTKO BM3HAYa€E 3ano3ncToNogibHI Ta NPOTOKOBI MyXMMHHI
CTPYKTYPM, @ TakoX BiAOKPEMMEHi pakoBi KNiTMHU Ta iX
CKYMYEHHS B NYXIUHI.

4. EniTenianbHo-me3eHxiManbHa TpaHcgopmalis
Mpy NPOTOKOBI afeHOKAPLMHOMI MiALLNYHKOBOI 3ano3un
XapaKTepU3yeTbCs HAKOMMYEHHAM a-SMA i BIMEHTUH-MO3N-
TWBHWX BEPETEHONOZIOHNX KNITWH y cTpoMi. Mpu LbomMy He
BUSIBMEHa PiHMLA 3a a-SMA npm pisHux CTyneHsx gude-
peHLiaLii MyXrnuH, ane BCTaHOBMEHO AOCTOBIPHE 3HIKEHHS
BIMEHTVHY 3 rpaaauieto 3nosikicHocTi npouecy (p < 0,05).

MepcneKTMBY NOAAABLIMX AOCAIAKEHDb MOMAralThb Y
BWBYEHHI MIKPOCKONIYHOTO Ta iIMYHOTICTOXIMIYHOrO Mpodinis
enitenianbHO-Me3eHxiManbHoi TpaHcdopMalii B 3anoau-
CTO-NPOTOKOBOMY KOMMApTMEHTi Ta B 30Hi EMT y po3suTky
MPOTOKOBOI aeHOKapLIMHOMM NiALLMYHKOBOI 321031 MOMIp-
Horo (G2) Ta Hu3bkoro (G3) cTyneHiB AudepeHLitoBaHHS.
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Aim. The study aims to develop the composition of the oromucosal gel with the IL-18 interleukin antagonist for complex treatment
of inflammatory periodontal diseases.

Materials and methods. Experimental studies were conducted based on the Department of Medicines Technology of Zaporizhzhia
State Medical and Pharmaceutical University and the Training Medical and Laboratory Center of Zaporizhzhia State Medical and
Pharmaceutical University of the Ministry of Health of Ukraine.

As an active component, in the recipe of oromucosal gel, used antagonist of the interleukin IL-1B. Excipients: D-panthenol (the
plasticizer), carboxymethylcellulose sodium salt (the viscosity modifier and mucoadhesive component), Tween-80 (the enhancer
absorption), benzalkonium chloride (the preservative), sodium hydrophosphate + citric acid (the phosphate buffer solution), purified
water. The experiments used existing and auxiliary ingredients of pharmaceutical purity, which were obtained from Sinbias LLC,
Istok-Plus LLC, LLC “Mobile Medical”. For the design of the experiment, the methodology of the response surface (Box-Behnken
Design) is used: Na CMC, Tween-80, D-panthenol; and four answers: pH, viscosity test, system type, mucoadhesive properties.

Research methods: rheological research (viscosity test, amplitude test, frequency test, mucoadhesive test, thixotropy test) performed
in oscillation mode on the modular compact Rheometer Anton Paar MCR 302 (CP50-1 SN71317), which, compared to cylindrical
devices, requires a much smaller amount of gel sample and allows the planned tests in the oscillation mode, the temperature in
the experiments was provided with a built-in thermostat (Peltier Temperature Control, C-PTD 200).

Pharmaco-toxicological studies were conducted on 46 white outbred rats of both sexes, weighing 160-180 grams, which were
received from Vivarium by the Institute of Pharmacology and Toxicology. The studies were performed on enough animals, all
manipulations were carried out by the provisions on the use of animals in biomedical experiments. The results of the study were
calculated using the standard statistical package of the Statistica for Windows 13 (StatSoft Inc., No. JPZ8041382130ARCN10-J),
as well as SPSS 16.0, Microsoft Office Excel 2003.

Results. According to the design of the experiment, it is established that the components of the system do not change the value of
pH in experimental oromucosal gels (6.5500 + 0.0334). The Anova for Quadratic Model statistical analysis data certify the significant
impact of Na CMC, and Tween-80 factors on the viscous characteristics of oromucosal gels (F-value > p-value). Comparison of
mucoadhesive characteristics of the studied samples of oromucosal gels was made using dynamic mechanical analysis and the
results of statistical analysis of ANOVA for Quadratic Model highlight the significant influence of Na CMC, D-panthenol, Tween-80.
Optimized oromucosal gel test data is obtained that its structure is restored after the applied effort, namely the restoration of the
structure after 10 seconds occurs by 69.5 %, after 30 s by 76.1 %, after 180 s by 85.4 %, after 180 s which allows to predict the
stability of the dosage form, both after manufacture and after use.

Conclusions. The composition of the oromucosal gel of anti-inflammatory action with the IL-18 interleukin antagonist for the complex
treatment of inflammatory diseases of periodontal is developed. The optimized composition of the oromucosal gel obtained has
satisfactory performance of kinetic stability and thixotropic properties. The developed gel for dentistry meets all the requirements
for harmlessness and safety for dosage forms of this group toxicity, lack of local irritant and allergic action.
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Po3po6neHHA ckhapy 6e3neuHOro opoMyKo3HOro reAto 3 aHtaroHicrom IL-1B
ANA AIKYBaHHSA 3anaAbHUX 3aXBOPIOBaHb NapOAOHTa

0. 0. AmuTpieBa, . ®. BeaeHiues, b. C. Bypnaka

Meta po6oTu — po3pobneHHst cknagy OPOMYKO3HOTO refto 3 aHTAroHICTOM iHTepnenkiHy IL-18 Ans KOMMMeKCHOro nikyBaHHS
3anarbHIUX 3aXBOPOBaHb NapooHTa.

Marepianu i metogu. EkcneprmMeHTanbHi jocnimkeHHs 3aiicHunm Ha 6asi kadpeapu TexHonorii nikie 3anopisbkoro Aep)xaBHOMO
MeamKo-thapMaLeBTUYHOTO yHiBepcuTeTy Ta HaB4anbHO-HaykoBOro Meauko-nabopaTopHOro LEHTPy 3anopiabKoro AepKaBHOro
meamko-thapmaLeBTuyHoro yHisepcuteTy MO Ykpaiu.

£1K KOMMOHEHT 3 aKTUBHOIO €10 B peLienTypi OPOMYKO3HOIO refto BUKOPUCTANM aHTaroHIcT iHTepnenkiny IL-1b. [lonomixHi peqoBuHM:
D-naHTeHon (nnactudikatop), kapboKCUMETUNLENHONO3N HaTpieBa Cinb (MOAUMIKATOP B'A3KOCTI, MyKOAAre3nBHIUA KOMMOHEHT),
TBiH-80 (eHxacep apcopbuii), GeH3ankoHilo Xnopua (KOHCepBaHT), AWHATPIt rigpodocdat + KucnoTa NMMOoHHA (chocdaTHui
OycbepHNiA po3umH), Boaa OumLLEHa. B ekcriepumeHTax BUKOPUCTaHI aKTVBHI i JONOMiXHI iHrpemieHTV hapMaLeBTUHHOT YNCTOTH,
ki otpumano Big TOB HB® «CIHBIAC», TOB «Wctok-Mntocy, TOB «MOBINTb MELIKAT». [ns anaaiiHy ekcrnepumeHTy BUKOpU-
CTaHO MeToZonOrito NoBepxHi BianoBiai (Box-Behnken Design) 3 Tpboma piBHsimu cpakTopis (Na CMC, Tween-80, D-panthenol) Ta
yotupma signosigamu (pH, Tect B'a3kocTi (Viscosity), Tun cuctemu (Type system), mykoaaresusHi Bnactusocti (Mucoadhesive)).
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MeToau focnimKeHHs: peonorivHi JoCnimpKeHHs (TeCT B'A3KOCTI AOCTIZKEHWX renis, aMnniTyaHUA, YaCTOTHWIA, MyKOAre3BHWN
TECTW, TECT TUKCOTPOMIi) BUKOHAHO B OCLMMALIAHOMY PEXMMi Ha MOAYIbHOMY KoMnakTHoMy peometpi Anton Paar MCR 302
(CP50-1 SN71317), L0 NOPIBHAHO 3 LMNIHAPUYHUMM NPUCTPOSIMK NOTPeOYE 3HAYHO MEHLLIOT KiNbKOCTi 3paska rento, a Takox
[ae 3Mory B OCLMMNALIAHOMY pexuMi MpOBOAMTM 3annaHoBaHi Tectu. Temnepatypy B focnigax 3abesneqysany BOYAOBaHUM
TepmocTtatom (Peltier temperature control for concentric cylinder systems, C-PTD 200). dapmako-TOKCUKOMOrivHi AOCHIAKEHHS
3aircHunmM Ha 46 Binux 6eanopogHuX Lypax 06ox cTaten i3 Macoto Tina 160-180 r, Wwo ogepxaHi 3 BiBapito IHCTUTYTY thapmakonorii
Ta Tokcukonorii. [JocnimKkeHHs BUKOHaNM Ha JOCTaTHiN KinbKOCTi TBAPWH, BCI MaHinynsLii 3aiicHunm BignosigHo 4o MonoxeHHs
Mpo BUKOPUCTaHHS TBapWH y BioMeanyHmx gocnigax. PesynstaTi LOCMIMKEHHS OnpaLtoBany, BUKOPUCTaBLUM CTaH4APTHUIA
CTaTUCTUYHUI NakeT MileHsinHoi nporpamu Statistica for Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J), a Takox
SPSS 16.0, Microsoft Office Excel 2003.

PesynkraTi. BignosigHo 4o Ay3aiiHy eKcnepyMEeHTY, BCTAaHOBMEHO, LLO KOMMOHEHTM CUCTEMU He 3MIHIOTb 3HaueHHst pH AocnigHmx
opomykosHux renis (6,5500 £ 0,0334). Pesynsratu cratuctuaHoro aHanisy (ANOVA for Quadratic model) nokasanu ocToBipHui
BnnmB caktopisa Na CMC, Tween-80 Ha B's3KiCHi XapaKTEpUCTVKM BUTOTOBMEHWX 3paskiB OpoMyko3HuX renis (F-value > p-value).
MykoazareanBHi xapaKTepUCTVKW AOCTIIKEHUX 3pa3kiB OPOMYKO3HWX reniB MOpIBHSNM, BUKOHABLUM AVHAMIMHWIA MEXaHIYHWIA aHani3.
Y pesynbrari cratucTiHoro aHaniay 3 sukopuctaHHsM ANOVA for Quadratic model BctaHoBunm BiporigHUii Bnnue cakTopie Na
CMC, D-panthenol, Tween-80 Ha mykoaareavsHi xapaktepuctuku (F-value > p-value). [laHi TeCTy TUKCOTPOMii ONTUMI30BaHOTO
OPOMYKO3HOIO refto CBiaYaTh, LLO 40ro CTPYKTYpa BigHOBMIOETLCA MICNS NPUKIAAEeHoro 3ycunns. Tak, BiAHOBNEHHS CTPYKTYpU
yepe3s 10 cekyHa BinbyeaeTbes Ha 69,5 %, Yepes 30 ¢ — Ha 76,1 %, Yepes 180 ¢ — Ha 85,4 %. Lle aae niactasn nporHo3ysatu
CTabinbHICTb Nikapcbkoi (hopMH MICNS BUrOTOBNEHHS Ta 3aCTOCYBaHHS.

BucHoBku. Po3pobunu cknag opoMyKO3HOTO refio npoTu3anarnbHoi Aii 3 aHTaroHicToM iHTepnewkiHy IL-18 ans npodinaktvkm ta
KOMMIEKCHOO NikyBaHHS 3anarbH1X 3aXBOptoBaHb NapoaoHTa. Liei cknag opomMyKo3HOro rerto 3abesnevye 3a0BiNbHi MOKa3HUKN
KIHETUYHOI CTIKOCTI Ta TMKCOTPOMHI BNacTUBOCTi. PO3pobneHunii OpoMyKO3HUIA refb BiANoBiaae BCiM BUMOraMm LLOAO0 HELUKIAMBOCTI
Ta 6e3ne4HoCTi, LU0 CTaBNATb A0 NikapCbkux (opMm LT rpyni (MatoTb HU3bKY TOKCUYHICTb, HE YMHSATB MICLIEBOMOAPa3HioBarbHOI

Ta anepriaytoqoi gii).

Inflammatory periodontal diseases exhibit extensive dis-
tribution, progressive nature, and chronic course of the
ailment, thereby acquiring a prominent position in the spec-
trum of oral cavity diseases. Moreover, chronic inflamma-
tory processes, diminished resistance to microorganisms,
and premature tooth loss can lead to an uptick in atypical
periodontitis among younger individuals. WHO experts
have noted that periodontal disease affects approximately
80 % of school-aged children across various nations, with
prevalence reaching 100 % among adults [1,2].

The causes of such pathological processes are exo-
genous and endogenous factors: accumulation of tartar
due to irregular brushing of teeth or metabolic disorders;
bacterial infections that lead to inflammation of the gums or
deeper tissues, which leads to serious forms of periodontitis,
periodontal disease, gingivitis; genetic predisposition to the
occurrence of diseases of the oral cavity — susceptibility to
bacterial infections, increased sensitivity of the gums; the
presence of bad habits, such as tobacco smoking, which
leads to poor blood circulation to the gums or a violation
of the diet, which contributes to the deterioration of the
supply of nutrients and vitamins; hormonal state of the
body —hormonal changes such as pregnancy, menstruation,
menopause, and others can also contribute to inflammation;
the presence of chronic diseases of the body — diabetes, im-
munodeficiency states, chronic inflammatory processes also
affect the occurrence of periodontal inflammation [3,4,5].

Currently, there is a considerable arsenal of pharma-
co-therapeutic agents that are used for the prevention
and treatment of inflammatory processes in periodontal
tissues, the use of which is based on influencing the link of
the relevant pathological process: antiseptics, antibacterial
drugs, anti-inflammatory drugs, enzyme preparations,
desensitizers, immunomodulators, sorbents, antioxidants
and their various combinations to increase therapeutic
effectiveness [6,7].

Given the complex nature of the disease, its chronic
progression, the emergence of antibiotic-resistant microor-
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ganisms, and the potential for further complications, there
is a clear need for a new oromucosal treatment that can
deliver active pharmaceutical ingredients (APIs) directly to
the affected area without significant systemic absorption. To
achieve this, a local treatment with polymeric gelling agents
and mucoadhesive properties is proposed, which will help to
prolong the concentration of APIs and enhance their efficacy.

Modern views on the pathogenesis of inflammatory
diseases of the oral cavity characterize the prospects
for the use of metabolic, endothelial, antioxidative and
anti-inflammatory agents. Thus, an important link in the
pathogenesis of inflammatory processes in the oral mucosa
is the expression of pro-inflammatory cytokines — IL-1b,
TNF-a, an increase in the activity of INOS and the activa-
tion of nitrosating stress, accompanied by an increase in
cytotoxic forms of NO.

There is a selective IL-1b antagonist, the substance
of which is obtained biotechnologically from E.coli TG1
(pTAC-hIL-1ra), in its structure containing 153 amino
acid fragments. This agent interrupts IL-b, the dependent
cascade mechanisms of ischemic neurodestruction. This
antagonist normalizes glutathione (GSH)-dependent mech-
anisms of HSP70 expression in mitochondria and brain cy-
tosol in acute ischemia. High neuroprotective, anti-ischemic,
antioxidative, anti-apoptotic activity and harmlessness of
this agent have been shown. The interleukin antagonist
has been successfully used for the treatment of rheumatoid
arthritis, cerebrovascular disease, and pericarditis [8,9].

All of the above determines the relevance and prospects
of creating a dosage form (oromucous gel) based on it for
the treatment of chronic generalized periodontitis.

The selection of excipients in pharmaceutical develop-
ment requires careful consideration and experimentation to
create a stable dosage form with high therapeutic efficacy
throughout its shelf life. To streamline this process and en-
sure quality control, researchers can employ mathematical
and in silico methods to predict outcomes and conserve
resources.
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Aim
This research aims to enhance the structure of oromucosal

gel containing interleukin antagonist IL-18 to effectively pre-
vent and treat complex inflammatory periodontal diseases.

Materials and methods

Experimental studies were conducted based on the Depart-
ment of Medicines Technology of Zaporizhzhia State Medical
and Pharmaceutical University and the Training Medical
and Laboratory Center of Zaporizhzhia State Medical and
Pharmaceutical University of the Ministry of Health of Ukraine.

As an active component, in the recipe of oromucosal
gel, used antagonist of the interleukin IL-1B. Excipients:
D-panthenol (the plasticizer), carboxymethylcellulose sodium
salt (the viscosity modifier and mucoadhesive component),
Tween-80 (the enhancer absorption), benzalkonium chloride
(the preservative), sodium hydrophosphate + citric acid (the
phosphate buffer solution), purified water. For the experiments,
only pharmaceutical-grade active and auxiliary ingredients
were utilized, which were sourced from Ukraine suppliers such
as SINBIAS LLC, Istok-Plus LLC, and MOBIL MEDICAL LLC.

Design of experiments. To develop a robust experi-
ment design, we utilized the response surface methodology,
specifically the Box-Behnken Design. These statistical
techniques are commonly employed to create a model
and analyze responses that are influenced by optimization
factors [10,11]. The development optimization process
was conducted based on three factors (x), each at three
levels (low, medium, high), and four distinct answers (y),
as detailed in Table 1.

The laboratory technology for producing prototypes
of oromucosal gels involves several steps. Firstly, half the
amount of prescribed water is measured and purified. Diso-
dium hydrogen phosphate and citric acid are then added to
this water, and the resulting mixture is heated to 80 °C while
being constantly stirred with a magnetic stirrer. Na CMC is
added, and the polymer is left to swell without heating. This
mixture is called mixture A. Secondly, the other half of the
prescribed water is measured and purified, and it is mixed
with benzalkonium chloride, Tween-80, D-panthenol, and
IL-1B at a temperature of 25 °C while being constantly
stirred with a magnetic stirrer. This mixture is called mixture
B. Once mixture A has cooled down to 25 °C, mixture B is
added to it and mixed without heating. The resulting gel is
then left in a cool place (5 °C) for one day.

Characteristics of the obtained samples of oromu-
cosal gels

pH test. A pH test was conducted by weighing 10.0 g
of gel and placing it in a measuring cylinder. This was then
mixed with 100 ml of purified water using a magnetic stirrer.
Finally, the pH was measured with a 15 OM pH meter device
equipped with a glass electrode.

Kinetic stability of oromucosal gel. The gel sample
was centrifuged in a centrifuge at 6000 rpm for a duration of
15 minutes. The coefficient of kinetic stability was calculated
using the formula:

Hk= H1 / HaH’

where H, — the height of the layer of fluid that can be
released from the oromucosal gel;

H,, — the total height of the gel;

Asystem is considered kinetically stable if H, = 0.

Rheological studies. The experimental gels underwent
rheological studies using the oscillation mode of the Anton
Paar modular compact rheometer MCR 302. Measuring
devices employed in the study included the CP50-1 cone-
plate system with a 50 mm diameter and 1-degree cone
angle SN71317. Temperature control was achieved through
a built-in thermostat, specifically the Peltier temperature
control for concentric cylinder systems (C-PTD 200).

Viscosity test of test gels. A quantity of 5 g of gel was
precisely weighed and delicately placed onto the plate. The
RheoCompass software was utilized to position the cone
a mere 0.1 mm away from the plate, enabling accurate
measurements. At a shear rate (y) of 50 1/s, viscosity values
(measured in mPa x s) were recorded. The temperature
during the experiment was strictly maintained at 25 °C.

Amplitude test. Weighing 5 g of gel, it was placed on
a plate and the cone was positioned 0.1 mm away using
the RheoCompass software. An amplitude test was per-
formed with the following parameters: angular frequency of
oscillations (w) — 10 [Rad/s], deformation (%) — logarithm
0.01 — 100, measurement point time (s) — automatically.
Throughout the experiment, the RheoCompass software
tracked the accumulation module G’ and the loss module
G” from deformation (y), allowing for the determination of
the structural transition (yield strength of the sample (10))
at the point of transition to the graph curves G’ and G”.
Additionally, the software established the boundary of the
linear viscoelastic region (LVER) where the gel sample
retained its structure. The amplitude test was carried out
under a temperature of 25 °C.

Frequency test. A quantity of 5 g of gel was precisely
weighed and delicately placed onto the plate. Using the ad-
vanced RheoCompass software, we placed a cone 0.1 mm
away from the plate and conducted a frequency test ranging
from 100 to 0.1 rad/s, with a strain amplitude of 0.5 % and
at a temperature of 25 °C. Throughout the experiment, the
software accurately calculated the accumulation modulus
G, loss modulus G”, and loss factor tg d (also known as
the “loss factor”) by dividing G” by G'.

Mucoadhesive test. The experiment was conducted
using a Tack test, which involved the Anton Paar Model
MCR 302 device. A solution of 2 % pig’s stomach mucin
(M2378, Sigma Aldrich) was prepared in water and used to
coat the cone and platinum working surface. The surface
was then incubated at 37 °C for 10 minutes and dried until

Table 1. Factors and their levels used in the design of the oromucosal gel experiment afilm was formed [12]. Next, 0.1 g of gel was weighed onto

with IL-1B the mucin-coated plate. Using the RheoCompass firmware,
the cone was placed 0.1 mm away from the hob and the
u normal force (N) required to detach the cone from the plate
at 25 °C was measured.
x1 Na CMC, % 1 1.5 3 Thixotropy test. We weighed 0.5 g of gel and placed
X2 D-panthenol, % 1 3 5 it onto a plate. Using the RheoCompass software, we
x3 Tween-80, % 05 0.75 15

positioned the cone 0.1 mm away from the plate and
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Table 2. Received the formulation design, along with the factors and responses

“ Factor 1 Factor 2 Factor 3 Response 2

A: CMC, % B: D-panthenol, % C: Tween-80, % | pH Viscosity, mPa x s

1 2 5 6.5 1429.4

2 2 1 1.5 6.5 1184.5 0 6.6
3 3 5 1.0 6.5 5242.9 1 104
4 1 3 15 6.5 362.12 0 5.8
5 3 3 0.5 6.5 3864.3 1 9.0
6 2 3 1.0 6.4 1163.7 0 6.8
7 1 1 1.0 6.5 338.71 0 5.4
8 3 1 1.0 6.5 4591 1 9.5
9 3 3 15 6.6 8475.1 1 1.5
10 2 3 1.0 6.5 1214.9 0 6.4
1" 1 5 1.0 6.5 390.17 0 5.9
12 2 5 15 6.6 1005.8 0 6.9
13 2 3 1.0 6.6 1633.3 0 72
14 2 1 0.5 6.5 1139.1 0 6.7
15 1 3 0.5 6.6 323.32 0 5.5

studied the restoration rate of a oromucosal gel prototype
with three intervals (3ITT) through direct examination.
The experiment was conducted in three stages. First,
we measured at a low shear rate (0.1 s) to observe the
sample’s behavior at rest. Next, we measured at a shear
velocity of 100 s™!, which characterizes the behavior of the
sample during application. Finally, we measured at a low
shear rate of -0.1 s to determine how quickly the sample
regained its structure.

Pharmaco-toxicological research methods. The
experiment involved 46 outbred white rats of both sexes,
weighing between 160 and 180 grams, sourced from the
Institute of Pharmacology and Toxicology's vivarium. All
procedures were carried out in compliance with the bio-
medical experiment animal usage regulations (Strasbourg,
1986, amended in 1998), as well as the “General Ethical
Principles of Animal Experiments” [13,14,15]. The acute
toxicity studies followed the recommendations of the SFC
of the Ministry of Health of Ukraine and other guidelines.
Each group had 6 animals, and an oral dose of the test
gel was administered using a dosing syringe in an optimal
volume of 1.0 ml/100 g of body weight [16]. Over 14 days,
changes in the cardiovascular system, respiratory system,
central nervous system, and motor activity were monitored,
along with the mortality rate of the animals.

The gel's local irritating effect was studied following the
recommendations of the SFC of the Ministry of Health of
Ukraine. Adispenser was used to apply 0.01 ml of gel to the
conjunctiva of both eyes of the animals in the experimental
group, while the control group was given purified water. The
animals were observed for three days.

To study the gel’s active cutaneous anaphylaxis, hair
was removed from a 4 x 4 cm area on the lateral surface
of the animals’ bodies. Then, 0.5 g of gel was applied to
the area, and the animals were placed in separate cages
for four hours. Sensitization was detected five days after
the last application of the drug by applying 0.3 g of gel to
the skin of the ear. The intensity of anaphylactic shock was
evaluated at 6, 12, and 24 hours, according to the Weigle
index. These tests were also conducted following the SFC.

Statistical research methods. The results of the
study were calculated using the standard statistical
package of the Statistica for Windows 13 (StatSoft Inc.,
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No. JPZ8041382130ARCN10-J), as well as SPSS 16.0,
Design Expert, Microsoft Office Excel 2003.

Results

Planning of the optimal composition of the oromucosal gel
with IL-13 was carried out using Box-Behnken Design, with
three levels of factors: Na CMC, Tween-80, D-panthenol;
and four responses: pH, viscosity test, Type system, Mu-
coadhesive (Table 2).

Organoleptic characteristics. As per the experimental
design, oromucosal gel samples were collected, which
varied in color from transparent to faint white-yellow, and
had different densities, consistency, and no discernible odor.
The intensity of coloration was dependent on the amount
of tween-80 used in the formulation.

Hydrogen index (pH). The pH index is critical in
maintaining the chemical stability of a formulation. It is
influenced by several factors and can impact the mucous
membranes in the oral cavity, leading to potential health
issues. To ensure consistency in pH levels, disodium hydro-
gen phosphate and citric acid are added to the formulation
as phosphate buffer components.

Statistical analysis of the obtained results of the effect
of variable factors on the pH of the obtained oromucosal
gels is given in Table 3.

As expected, the results obtained for determining the
pH of oromucosal gel samples do not change in oromucosal
gel formulations, due to the presence of a phosphate buffer
solution in the prescription composition.

Rheological characteristics. Viscosity at a given shear
stress is one of the rheological characteristics that allows
you to compare the consistency properties of experimental
gels and identify the possible effect of excipients of the
formulation on it. The results of determining the consistency
characteristics of oromucosal gels are given in Table 4.

The obtained data of the statistical analysis of the
ANOVA for Quadratic model indicate the significant influ-
ence of factors A— Na CMC, C — Tween-80 on the viscosity
characteristics of the manufactured samples of oromucosal
gels (F-value > p-value). The relationship between the vis-
cosity value of the gel preparation and the factors is shown
in Fig. -3 and is highlighted in the equation:

Response 3 Response 4
Type system, 1/0 Mucoadhesive, N
0 6.9

ISSN 2306-4145  http://zmj.zsmu.edu.ua
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Table 3. Influence of variable factors on the pH value of oromucosal gels y = 1303.97 + 2594.87 x A + 101.87 x B + 533.93 x

xC+150.11 xAB +1143.00 x AC—117.25x BC + 1701.62 x
p-value p-value RBI RBI ’ ’ :

E’_'ea” ;[:33321 oo 02008 osita Suggested The oscillation mode offers distinct benefits over
near : : B B the rotational mode in rheological studies, as it avoids
2FI 0.3867 0.9701 -0.1534 -0.4972 ” )

' any additional mechanical damage to test samples and
Quadratic. 07094 0.9630 04318 09318 ensures measurements consider the initial state of the
Cubic 0.9630 - -2.1818 - Aliased

sample [17,18]. Utilizing the oscillation mode, we conducted
rheological studies on experimental samples of anti-inflam-
Table 4. Influence of variable factors on the value of viscosity characteristics of matory oromucosal gel (st1-st15), enabling us to accurately
oromucosal gels determine key indicators such as linear viscoelastic range

source | sum o squares | o [ square | oo [pave | [t s

The sample’s behavior can be divided into two parts: the

Model 7.330E+07 9 8.144E+06 994  0.0105 significant . - - -
A CMC 5.387E407 1 B38TEOT 6576 0.0005 - elastic (solid) part characterized by the modulus of elasticity
B D-Panthenol  83019.98 1 83019.98 04013 07631 - G’ and the viscous (liquid) part characterized by the modulus
C: Tween-80 2 281E+06 1 2281E+06 278 04561 - of viscosity G”. When the curve for G’ goes above the curve
AB 90132.05 1 90132.05 01100 07536 - for G”, itis assumed that the sample has viscoelastic proper-
AC 5.296E+06 1 5226E+06 6.38 0.0528 — ties within the linear viscoelastic range. The viscous behavior
BC 54990.25 1 54990.25 0.0671 08059 — arises from internal friction between the components of the
A 1.069E+07 1 1.089E+07 13.05 00153 - system, which converts the energy obtained from deformation
B? 4.916E+05 1 4.916E+05 06001 04736 - into heat energy. This energy is gradually consumed and
G2 2.319E+05 1 2.319E+05 02831 06175 - cannot be used by the sample. In contrast, the elastic part
Residual 4,096E+06 5 8.192E+05 - - - of the energy characterized by the modulus G’ is stored in
Lack of Fit 4.016E+06 3 1.339E+06 3338 0.0292  significant the deformed material, while the structure of bonds in the
Pure Error 80201.39 24010069 - - - system remains intact. As a result, the material returns to its
oot 7.730E+07 " - - - - original shape when at rest [19,20,21].
1 2
30 Surface :":' 0 e

3 Fig. 1. 3D image of the relationship between variable factors (Na CMC, D-panthenol)
and viscosity characteristics of oromucosal gels.

Factor Goding: Actis

S it Fig. 2. 3D image of the relationship between variable factors (Na CMC, Tween-80) and

om e viscosity characteristics of oromucosal gels.

—T ] Tl T Fig. 3. 3D depiction of the relationship between variable factors (D-panthenol, Tween-80)
— = By i | 1 | and viscosity characteristics of oromucosal gels.
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Fig. 4. Linear viscoelastic range (LVER) of oromucosal gels st1-st5.
Fig. 5. Linear viscoelastic range (LVEr) of oromucosal gels st6-st10.
Fig. 6. Linear viscoelastic range (LVER) of oromucosal gels st11-st15.
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Fig. 7. Mechanical spectrum of dependence of loss coefficient (tand) on frequency (w),
at amplitude constant y = 0.5 % in samples of oromucosal gels st1-st5.

Fig. 8. Mechanical spectrum of dependence of loss coefficient (tand) on frequency (w),
at amplitude constant y = 0.5 % in samples of oromucosal gels st6-st10.

Fig. 9. Mechanical spectrum of dependence of loss coefficient (tand) on frequency (w),
at amplitude constant y = 0.5 % in samples of oromucosal gels st11-st15.
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30 Surface

30 Surface

Fig. 10. 3D image of the relationship between variable factors (Na CMC, Tween-80) and

30 Surface

mucoadhesive characteristics of oromucosal gels.

Fig. 11. 3D image of the relationship between variable factors (Na CMC, D-panthenol)

Table 5. Influence of variable factors on the value of mucoadhesive characteristics of

oromucosal gels

source | sum o Squares_| o [Wean Square | Faue [puate |

Model 46.70 9 519 1710 0.0030  significant

A:CMC 39.60 1 39.60 13049 <0.0001 -

B: D-panthenol 04513 104513 149 027171 -

C: Tween-80 0.9113 1 09113 3.00 01437 -

AB 0.0400 1 0.0400 01318 07314 -

AC 1.21 1121 399 01024 -

BC 0.0025 1 0.0025 00082 09312 -

A2 437 1437 1439 00127 -

B? 0.0283 100283 00931 07725 -

G2 0.0144 100144 00475 0.8360 -

Residual 1.52 5 0.3035 - - -

Lack of Fit 1.20 3 0.3992 249 0.2990  not significant

Pure Error 0.3200 2 0.1600 - - -

Cor Total 48.21 14 - - - -

Through rheological studies of oromucosal gels st1-st15
(as shown in Fig. 4-6), the limits of the linear viscoelastic
range in the test gels were determined. Additionally, the
type of systems present were characterized: those with
pseudoplastic flow (G’ > G”), which regain their structure
after force application, and viscoelastic fluids (G” > G’), with
greater loss modulus values than elasticity modulus values.
In scientific literature, a useful indicator is employed

—the loss factor, or TG 6 = G”/ G'. This tool provides an
additional way to evaluate the behavior of a sample. If
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and mucoadhesive characteristics of oromucosal gels.

Fig. 12. 3D image of the relationship between variable factors (Tween-80, D-panthenol)
and mucoadhesive characteristics of oromucosal gels.

Tgdislessthan 1, the sample is considered viscoelastic;
if Tg 6 equals 1, the sample is in a state of gelation; and
if Tg 6 is greater than 1, the sample is a viscoelastic
liquid [22,23]. For experimental oromucosal gel samples,
the mechanical spectra of the loss coefficient (tand) de-
pendence on frequency (w) (Fig. 7-9) are provided at a
constant amplitude.

Analysis of the characteristics of experimental
oromucosal samples of st1-st15 gels according to the
indicators of amplitude and frequency tests made it pos-
sible to classify systems with pseudoplastic and other
types of flow, these results are included in Table 2, in the
response column (type) marked 1 — a pseudoplastic type
of flow, in which G’ at rest (frequency w = 0.1 rad/s) > G”,
0 — another type.

The effectiveness of a topical oromucosal medication
depends on the active ingredients in the dosage and how
long they stay in the mouth. This can be challenging due to
the constant production of saliva and mechanical actions.
Mucoadhesion, or the adhesion of the medication to the oral
mucosa, can increase the retention of the active substance
and improve its effectiveness [24,25,26]. To compare the
mucoadhesive properties of oromucosal gels st1-st15, we
used dynamic mechanical analysis.

The results of statistical analysis (Table 5) of the ANOVA
for Quadratic model highlight the significant influence
of factors A - Na CMC, B — D-panthenol, C — Tween-80
on the mucoadhesive characteristics of oromucosal gels
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Table 6. Proposed formulations of prescription oromucosal gel with IL-13

m CMC, % D-panthenol, % | Tween-80, % _ Viscosity, mPaxs | Prob (Type system = 1) | Mucoadhesive, N | Desirability, unit

1 3.000 5.000 1.500 6.520 7297.503 1.000 11.337 0.987
2 3.000 4.971 1.500 6.520 7306.290 1.000 11.335 0.986
3 3.000 4.935 1.500 6.520 7316.729 1.000 11.331 0.986
4 3.000 4914 1.500 6.520 7322.709 1.000 11.329 0.986
5 3.000 5.000 1.496 6.520 7281.275 1.000 11.329 0.986
6 3.000 4.860 1.500 6.520 7337.815 1.000 11.324 0.985
7 3.000 5.000 1.490 6.520 7256.215 1.000 11.316 0.985
8 3.000 4.767 1.500 6.520 7362.068 1.000 11.315 0.985
9 3.000 4.737 1.500 6.520 7369.806 1.000 11.311 0.984
10 3.000 4.699 1.500 6.520 7379.011 1.000 11.307 0.984
1" 3.000 5.000 1.485 6.520 7234.593 1.000 11.306 0.984
12 3.000 4.628 1.500 6.520 7395.784 1.000 11.300 0.983
13 3.000 4.573 1.500 6.520 7408.204 1.000 11.293 0.983
14 3.000 4.541 1.500 6.520 7415132 1.000 11.290 0.983
15 2.993 4.861 1.500 6.520 7284.789 1.000 11.288 0.982
16 3.000 4.392 1.499 6.520 7440.515 1.000 11.270 0.981
17 2.984 5.000 1.500 6.520 7183.620 1.000 11.258 0.980
18 3.000 5.000 1.457 6.520 7123.544 1.000 11.249 0.979
19 3.000 5.000 1.452 6.520 7100.375 1.000 11.237 0.978
20 3.000 4.209 1.481 6.520 7398.133 1.000 11.212 0.976
21 3.000 3.925 1.500 6.520 7512.255 1.000 11.211 0.976
22 3.000 5.000 1.437 6.520 7042.262 1.000 11.208 0.976
23 3.000 3.892 1.500 6.520 7515.527 1.000 11.207 0.976
24 3.000 3.859 1.500 6.520 7518.268 1.000 11.202 0.975
25 3.000 3.718 1.500 6.520 7529.306 1.000 11.181 0.974
26 3.000 3.639 1.500 6.520 7533.754 1.000 11.169 0.973
27 3.000 3.531 1.500 6.520 7538.011 1.000 11.153 0.971
28 3.000 3.509 1.500 6.520 7538.628 1.000 11.149 0.971
29 3.000 3.398 1.500 6.520 7540.321 1.000 11.131 0.969
30 2.984 5.000 1.439 6.520 6933.969 1.000 11.131 0.969
31 3.000 3.177 1.500 6.520 7537.051 1.000 11.094 0.966
32 3.000 5.000 1.367 6.520 6768.538 1.000 11.066 0.964
33 3.000 2.969 1.500 6.520 7525.794 1.000 11.057 0.963
34 3.000 5.000 1.357 6.520 6729.925 1.000 11.046 0.962
35 3.000 5.000 1.347 6.520 6691.711 1.000 11.026 0.960
36 3.000 5.000 1.334 6.520 6641.243 1.000 11.000 0.958
37 3.000 2.622 1.500 6.520 7489.483 1.000 10.991 0.957
38 3.000 5.000 1.315 6.520 6569.181 1.000 10.962 0.955
39 3.000 5.000 1.294 6.520 6491.687 1.000 10.921 0.951
40 3.000 211 1.500 6.520 7396.071 1.000 10.884 0.948
41 3.000 2.044 1.500 6.520 7380.188 1.000 10.869 0.947
42 3.000 1.956 1.500 6.520 7358.189 1.000 10.849 0.945
43 3.000 1.720 1.500 6.520 7292.266 1.000 10.795 0.940
44 3.000 1.617 1.500 6.520 7260.403 1.000 10.770 0.938
45 3.000 5.000 1.194 6.520 6128.935 1.000 10.725 0.934
46 3.000 5.000 1.188 6.520 6110.762 1.000 10.715 0.933
47 3.000 1.389 1.500 6.520 7182.837 1.000 10.714 0.933
48 3.000 5.000 1.167 6.520 6034.996 1.000 10.673 0.930
49 3.000 1.065 1.500 6.520 7055.968 1.000 10.630 0.926
50 3.000 2.878 1.284 6.520 6619.360 1.000 10.614 0.925
51 3.000 4.997 1.130 6.520 5911.950 1.000 10.604 0.924
52 3.000 5.000 1.079 6.520 5740.745 1.000 10.509 0.915
53 3.000 1.073 1.403 6.520 6625.196 1.000 10.443 0.909
54 3.000 5.000 0.972 6.520 5399.737 1.000 10.311 0.897
55 3.000 5.000 0.861 6.520 5073.974 1.000 10.114 0.879
56 3.000 5.000 0.847 6.520 5034.596 1.000 10.090 0.877
57 3.000 1.000 1.194 6.520 5718.391 1.000 10.032 0.871
58 3.000 5.000 0.747 6.520 4762.298 1.000 9.917 0.860
59 3.000 5.000 0.741 6.520 4746.112 1.000 9.906 0.859
60 3.000 5.000 0.690 6.520 4617.738 1.000 9.821 0.851
61 3.000 2.593 0.869 6.520 5106.140 1.000 9.814 0.851
62 3.000 5.000 0.635 6.520 4483.658 1.000 9.730 0.843
63 3.000 5.000 0.560 6.520 4308.558 1.000 9.607 0.831
64 3.000 1.320 0.777 6.520 4388.400 1.000 9.393 0.809
65 3.000 1.000 0.634 6.520 3804.097 1.000 9.089 0.778
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Table 7. Pharmaceutical characteristics of optimized anti-inflammatory oromucosal

gel formulation

Metric type Characteristics

Appearance

pH
Kinetic stability, H,
Yield strength, Pa

Restoration of structure
(thixotropic properties), %

Gel with a thick consistency of yellowish-white
color and odorless

6.5500 + 0.0334
0
353.4000 + 4.2107

After 180 seconds after application,
not less than 85 %

Table 8. Study of acute toxicity of il-1f blocker oromucosal gel in rats with oral

administration

Volume, Dose,
mi/100 g mg/kg

Number of rats

dead surviving
animals

Lethality, %

(F-value > p-value). The relationship between the value
of mucoadhesive characteristics and factors is shown in
Fig. 10-12 and covered in the equation:

y =6.8 + 2,225 x A + 0.2375 x B + 0.3375 x C +
+ 0.1 x AB + 0.5 x AC + 0.025 x BC + 1.0875 x A? —
-0.0875 x B? + 0.0625 x C%

Subsequently, the composition of the oromucosal gel
formulation was optimized using Box-Behnken Design
according to numerical characteristics to predict the optimal
characteristics of the oromucosal gel formulation with IL-18.
The optimization procedure was configured in the Design
expert software for the following purposes: type system —
goal maximize, mucoadhesive — goal maximize, the results
of forecast options are shown in Table 6.

To conduct additional research, we opted for Formu-
lation Composition No. 1 (Table 6), as it demonstrated
the highest levels of desirability (0.987), mucoadhesive
characteristics (11.337), and type system (type system =1).

Following the production of the anticipated composition
for the oromucosal gel formulation, which included IL-18
(1 %), Na CMC (3 %), D-panthenoal (5 %), Tween-80 (1.5 %),
benzalkonium chloride (0.02 %), and phosphate buffer (up
to 100 %), we analyzed its technological attributes.

Based on the results of the thixotropy test, it has been
determined that the experimental oromucosal gel possesses
thixotropic properties. This means that its structure is able to
recover after an applied force. Specifically, the restoration of
structure was observed at 69.5 % after 10 seconds, 76.1 %
after 30 seconds, and 85.4 % after 180 seconds. These
findings provide insight into the stability of the dosage form,
both pre and post-application (Table 7).

After conducting pharmacotoxicological studies, it was
discovered that administering the oromucosal gel in the
appropriate volume did not lead to any animal fatalities
during the observation period. Additionally, there were
no noted changes in the behavior or appearance of the
animals (Table 8).

Based on the results, the experimental oromucosal
gel appears to fall into the VI toxicity class. The study of its
localized irritant effect revealed that only 1 out of 10 animals
exhibited slight redness of the conjunctiva within 2 hours of
application, with no further adverse reactions detected in
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subsequent observation periods. These findings suggest
that the experimental oromucosal gel does not have an
irritant effect.

Additionally, the study of its allergizing effect demon-
strated that rats did not experience anaphylactic shock after
5 days of application on a sheared skin area. Therefore, it
can be concluded that the oromucosal gel with IL-13 does
not cause an allergizing effect.

Discussion

In the contemporary understanding of how inflammatory
diseases develop in the oral cavity, a hopeful approach
involves using medication that has metabolic, endothelial,
antioxidative and anti-inflammatory effects. Studies have
revealed that a crucial factor in the pathogenesis of inflam-
mation in the oral mucosa is the expression of pro-inflamma-
tory cytokines such as IL-18 and TNF-a, increased activity
of INOS, and the activation of nitrosating stress, resulting in
the proliferation of cytotoxic forms of NO [27].

Clinicians and pharmacologists are highly interested
in the use of an IL-1B receptor or antibody antagonist.
However, medicinal products within this category have
a short half-life of only 4-6 hours when administered
parenterally. To maintain proper concentration, daily
subcutaneous injections are required. Fortunately, our
team has developed a gel specifically for dentistry that
improves its pharmaco-technological characteristics.
The development of new dosage forms for oromucosal
medicine involves the use of software and mathematical
technologies within pharmaceutical development. These
advancements not only reduce the time and resources
required by researchers but also allow for the creation of
oromucosal medicines with controlled pharmaco-techno-
logical properties [28].

Our results are consistent with our previous studies on
the development of formulations with the IL-1f3 antagonist.
Thus, the developed 0.5 % gel with IL-1B, for intranasal
use, highlights the long-term neuroprotective and nootropic
effect and has a good safety profile [29,30].

Conclusions

1. The composition of the anti-inflammatory oromucosal
gel with the interleukin antagonist IL-1B for the complex
treatment of inflammatory periodontal diseases is deve-
loped.

2. It has been established that the consistency and
mucoadhesive properties of the oromucosal gel are
significantly influenced by the components of Na CMC,
Tween-80 present in the formulation.

3. The developed composition of the resulting oromu-
cosal gel has satisfactory indicators of kinetic stability and
thixotropic properties.

4. The developed gel for dentistry meets all the re-
quirements for harmlessness and safety of dosage forms
of this group — low toxicity, absence of locally irritating and
allergizing effects.

Prospects for further research. Prospective further
research of the new oromucosal gel to study its specific
activity.
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Merta pobotu - aHani3 cy4acHoi haxoBoi niTepaTypu Ans OLiHIOBaHHS 3aCTOCYBaHHS iHTpaonepaLinHoT yopecLeHTHOI Bidya-
ni3awii aHaTOMiYHWX CTPYKTYP y BrKHBOMY iH(hpaYepBOHOMY Aiana3oHi B 3aranbHOXipypridHii Ta ypomnoriyHii npakTuLi.

lMpoaHanisyBanu OOCBIf 3acTOCYBaHHS iHTpaonepaLiiHoi ryopecLieHTHOI Bidyaniallii aHaTOMiYHWUX CTPYKTYp Yy BnvkHbOMY
iHt(bpa4yepBOHOMY [iana3oHi B 3aranbHOXIpypriyHiii Ta ypororiyHii npaktuui. BusHaumnm npioputeTHi HanpsiMu 3acTOCYBaHHS!
METOAY, 3MIMCHUNM aHani3 OCTaHHIX KMiHIYHUX JOCiMKEHb Y Pi3HNUX rany3sax Xipyprii Ta yponorii.

BucHoBkM. Hainbinblw nepcnekTMBHUM € 3aCTOCYBaHHS hylyOpeCLEHTHOI BidyanisaLlii aHaTOMiYHUX CTPYKTYpP Y OnvkHbLOMY
iH(bpa4epBOHOMY Jiana3oHi HacaMmnepes y 30Hax PSCHOI BacKyNsipu3alii Ta nig Yac OLiHI0BaHHS NPOrHO3y NPY OHKONATOMOTi.

Intraoperative near-infrared fluorescence visualization of anatomical structures

in general surgical and urological practice

0. M. Chaika, V. Yu. llyina-Stognienko, Daviti Ochigava

Aim: to analyze current literature on the assessment of intraoperative near-infrared fluorescence visualization of anatomical

structures in general surgical and urological practice.

The experience of using intraoperative near-infrared fluorescence visualization of anatomical structures in general surgical and
urological practice is analyzed. The priority areas of the method application are defined, the recent clinical studies in various fields

of surgery and urology are reviewed.

Conclusions. The method of intraoperative near-infrared fluorescence imaging of anatomical structures with abundant vasculari-
zation and for assessing oncological prognosis is the most promising.

CnekTpockonisi B GnvkHbOMY iHbpayepBOHOMY AianasoHi
(NIRS) € HeiHBa31BHMM ONMTUYHUM METOAOM OLLHIOBAHHS
CTaHy OKCUreHauii Ta reMoavHaMiku pisHX opraHis. Enek-
TPOMArHiTHI XBWNi 3 AoBxMHOW Big 650 HM 0o 1350 HM
MPOHWKaOTb IKBLLE B TKAHWHM | 3 MEHLLM OCnabneHHsMm,
HiX BUAMME CBITNO. XBUNi BivKHLOrO iHpayepBOHOTO Ai-
anasoHy Takox Aobpe nornuHatoTbes 6aratbma bionoriyHo
3HaYYLLMMKU MOMeEKyNamu, SiK-0T reMornobiHOM, a Takox
aeskumn driyopecueHTHUMK cnonykamu [1,2,3]. Lie gae
3MOry BYKOPUCTOBYBATY METOZ, SIK iHCTPYMEHT MOHITOPUHTY
Ta QiarHOCTWKW CTaHy MO3Ky Ta CKeneTHWUX M'asiB. BTim
TakoX HakonnyeHo focsig 3actocyBaHHs NIRS y npakTui
(yHKLiOHanbHOI ypororii, 30kpema Ans OLHIOBaHHS AuC-
pyHKLUii HKHIX CevoBUX LWINsXiB [4,5].

3HaYHO NepCNEeKTUBHILLOK BBaXaloTb MOXMMBICTb
peecTpauii rnyopecueHLii AeAKUX PeYOBUH Y CMeKTpi
CBITINOBOIO Jliana3oHy, 6rn3bkoro Ao iHhpaYepBOHOTO, Af1S
OLIiHIOBAHHS! HAsIBHOCTi METACTaTUYHOTO MOLUMPEHHS MyX-
NnH [2]. KniHivHe 3acTocyBaHHs GnivkHLOIT iHppayepBOHOT
dnyopecueHuii (NIRF) 3 TexHonorieto iHAoLaHiHy 3eneHoro
(ICG) wamako po3BrBaETLCS Ta MOLLMPIOETLCS. Tak, TEXHO-
norito NIRF 3acTocoytoTb B 0HKoyponorii: ICG-MmapkyBaHHs
MOBHICTIO eHOOMITHUX MYXMWH HUPOK, BU3HAYEHNX Ans
4acTKoBOI HECPPEKTOMIi, OLIiHIOBAHHSI CTyMeHs CTabinNbHOCTI
TpomBy nif Yac TpoMBEKTOMIi TeoMIOCapKOMU HUKHBOT
NOpPOXHUCTOI BeHu piBHS I, ineHTUiKaLLiS (yHKLIOHYUMX
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afieHOM nig Yac onepaLlii Ha HagHUPKOBMX 3ano3ax, oLji-
HIOBaHHS Backynsipusalii ce4oBogy nif vyac poboT-acucto-
BaHOI pagvKarnbHOi LMCTEKTOMIT Ta Mig vac peimnnaHTauii
Ce4yoBOAY, ineHTUIKALLIS YPEeTPU Ta eSKyNALIHIX NPOTOKIB
nig Yac npoctartekTomii 3a MagiraHom [4,6,7,8].

MeTa po6otu

AHani3 cy4acHoi axoBoi niTepatypu Ans OLiHIOBaHHS
3aCTOCYBaHHS iHTpaonepaLiiHoi dhTyopecLieHTHOI Bidyari-
3aLlii aHaTOMiYHUX CTPYKTYP Y GrmkHBOMY iHGhpaYepBOHOMY
[iana3oHi B 3aranbHOXIpYprivHii Ta YpororiyHin npakTui.

TexHonorito NIRF-ICG BusHavatoThb sk GesneyHy Ta
TexHiyHo GesporaHHy npouenypy. Lleit meTon pae 3mory
nerko igeHTUIKyBaTV KIYOBi aHAaTOMIYHI OpIEHTUPK,
Jakoum iHopmaLlito Npo Backynatypy (CyauHHy Mepexy)
Ta nepdysito TkaHuH. MokasaHo, wo TexHika NIRF-ICG
MOTEHLLIHO MOKpaLLye (yHKLiOHamNbHI pe3ynstati pobo-
TOTEXHIYHWX NpoLieayp, HaBITb SKLLO NOTPIGHI GinbLui cepii
3 TpMBaniLWmm crnocTepexxeHHsm [2,3,9].

Mepuwi npuctpoi NIRS nepenbavanu 6e3nepepsHe
XVBMEHHS Bif nasepa, CBITMOBI XBUNi NOTPiGHOI YacToTn
reHepysanucs nasepom [2,5]. Lli cuctemmn Gynu vytnvem-
MU 3aBASIKM JaT4MKaM BUCOKOI pO3AinbHOI 30aTHOCTI, ane
manu obmexeHe KIiHiYHe 3aCTOCyBaHHSA Yepes Benukum
PO3Mip i 3aBMUCOKY BapTiCTb. 3 NOSBOK CUCTEM HA OCHOBI
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Puc. 1. Caitnogiognuit npunap 6esnepeperoi xsuni NIRS [5]. a — no3uioHyBaHHS AaTunka; b — MOHITOpUHT OKcureHaLyii.

cBiTNnoAioaiB BAAnocs OOCAITM ONTUMAanbHUX TEXHIYHMX
napameTpiB i3 3aCTOCYBaHHAM TENEMETPUYHMX MiAXOAiB.
HuHi pospobneHo caitnogioaHi npunagn 6e3nepepsHOi
xBuni NIRS, L0 3aCTOCOBYI0Tb AN MOHITOPUHTY 3MiH OKCK-
reHaLlii Ta remoguHamikv B pexumi peanbHOro yacy nig yac
HanoBHEHHS! Ta CMIOPOXHEHHS Ce4oBOro Mixypa. Lii npucTpoi
3a3BMYall HaKNaAAKTb Ha LLKIPY, Nonepek cepeamHHo NiHii
HWKHBOI YaCTUHW XMBOTa BULLE Big cumdidy (puc. 1) [5].

MeTop MoXHa 3acTocoByBaTH pa3oM 3 KOMMIEKCHUM
ypoOMHaMIYHUM JOCRIMKEHHAM, WO 3HAYHO MiABMLLYE
1100 [iarHOCTWYHY LiHHICTb MPY Pi3HUX BUAAX YPOMOriyHOi
natonorii (06CTPpyKLjisi BUXIBHOTO OTBOPY CE4YOBOr0 Mixypa,
rinepakTUBHWIA CEYOBUI MiXyp, HEAOCTATHICTb AETPY30pa,
HeiporeHHa iHKOHTUHEHLS, iHChEKLLiT HYKHIX CEHOBMBIAHUX
LUnsIxi, iHTEPCTULIANBHMIA LMCTUT TOLwo) [4,10].

®nyopecueHTHe 306paxeHHs NIR mae kinbka nepesar.
MepLuUoto 3-MOMIX HUX € HU3bKA LUBWUAKICTb BCMOKTYBaHHS!
B TKaHUHaX MtoanHW. MornmmMHaHHA CBiTna reMornodiHOM i
BOJOH MOXE 3MEHLLMTM SCKPABICTb | €CheKTUBHICTb 306pa-
xeHHs. Cnektp NIR 3HaxoguTbes B 06nacTi, Ae AOBXMUHA
XBUni cTaHoBUThL 6nn3bko 800 HM. BiH Mae MiHiManbHe
MOTMWHAHHSA MOPIBHAHO 3 iHWUMW LOBXUHAMU XBUMb.
MMo-gpyre, uen gianasoH NIR Mae Hu3bke po3ciloBaHHS B
TKaHWHaX, WO NPWU3BOANTL A0 MMUOOKOr0 NMPOHUKHEHHS.
Mo-TpeTe, aBTOhnyopecLeHLis B GrivkHbOMY iHtbpayep-
BOHOMY Jjiana3oHi H13bka. ABTOhryopecLieHLis 0cobnmneo
BMCOKA Y CBITNa 3 JOBXKVHOK XBUIi MeHLLe Hix 600 Hm. Lie
BifOyBaeTHCA 3aBAsKM GaraTbOM eHZOreHHUM hryopo-
¢hopam: remornobiHy, miornobiHy Ta uuToxpomam. OTxe,
ZoBxuHM xBurb NIR 3abe3nevytoTb MeHLLy aBTodyopec-
LieHUjto, rnmMbLLE NPOHUKHEHHS B TKAHWHW Ta NerLue Bigo-
KPEMITIOI0TLCS Bif CTaHAApTHOrO BiabuTTs Ginoro ceitna.
Tomy BiH nigxoauTb ANS iHTpaonepawinHoi Biyaniauii B
pearnbHomy yaci [1,11].

BapsHuku NIRF knacudikytoTb 3a kinbkoma kateropi-
AMK, BKIKOYa0UM LiiaHiHW, aHanoru pogaminy, 4,4-audtop-
4-60p-3a,4a-giaso-s-iHaaueH (BODIPY), ckBapeiitu,
¢hranouianiny, NoxigHi NOpPgipUHY Ta iHLWi CrOpiaHEHi
GapsHuKu [1,2].

3eneHun iHOouiaHiH — BOAOPO3YNHHUIA aHIOHHWIA
amaicinbHNI hriyopodpop, 0cobnmBo NepcnekTUBHMIA
ANs iHTpaonepaviiHoi Bidyanisauii 3aBasku 36YmKeHHI0
(Aex = 778 Hm) i BunpomiHtoBaHHI0 (Aem = 830 Hwm). ICG,
AKUA Mae 3aaTHICTb Ao dnyopecueHdii npu 800 HM, €
€0MHIM KOHTPACTHIM areHTOM BMKHBOTO iHchpa4YepBOHOTO

3anopisbkuin MeguuHuii xxypHan. Tom 26, Ne 2(143), 6epeseHb — kBiTeHb 2024 p.

BUNPOMIHIOBaHHS, WO cxBaneHu FDA Ta €Bponeiicbkum
areHTCTBOM 3 Mikapcbkux 3acobis (EMA) npu HeBenwkin
KinbkocTi nokasaHb y xipyprii [12]. ICG po3pobnenuii 3anoB-
ro 4o «epu» iHgpavepBoHOI Bidyanisauii — nig Yac Apyroi
CBITOBOI BiltHM, 0TpuMaB cxeaneHHst FDAY 1959 poui. Crio-
yaTKy 110ro BUKOPUCTOBYBamNM Nepeaycim A1s [iarHOCTHKM
yHKUii neviHkw, nisHiLLe — B odbTansbmonorii Ta kapaionorii
[2,13]. MokasaHo, wo ICG mMae MiHiManbHy TOKCWUYHICTb.
KniHiynnit gocBia BukopuctanHs ICG ans iHTpaonepauiin-
Hoi cpriyopecueHTHoi Bisyanisauii NIR € gocuts Benukum
i NigTBEPMKYE CNpUSTIMBMIA Npodbink 6e3neku [3,14,15].

[poTsirom oCTaHHIX KinbKOX POKiB akageMiyHi Ta npo-
MWCOBI rpynv po3pobunu pisHi cucTemu 4ns iHTpaonepa-
LiiHOT doyopecLieHTHOI Bidyanisauii y cnekTpi, 6rmabkomy
[0 iHtbpayepBoHOro. Ha fogatok 4o cucteM Ans BigkpuToi
xipyprii, NIR-cpnyopecueHTHa Bidyanisauis 4ocTynHa 4ns
nanapockoniyHoi, TopakockoniyHoi Ta poboTN30BaHOI
Xipyprii, GINbLUICTb i3 HAX € NEPLIOK iTepaLiieto po3pobku
BMPOBHMYOrO piBHSA. CreumdiyHi npobriemm 4ns Lyx cucTem
BKMoYaloTb noTpedy B ONTUMI30BaHUX [JKepenax Caitna
[Ans 3a0e3ne4eHHs AOCTATHLOTO 30yKeHHS chnyopecLeHLil
Ta B ONTULi 3 HU3bKMM 3aTyxaHHsM cBitna NIR ans Buss-
NEHHS HU3bKUX KOHLEHTpaLin dnyopodopis [16,17,18].

Huhi po3pobreHo kinbka goctynHux kamep NIR ans
OTPMUMaHHs 306paxeHb Ans iHTpaonepaLiinHoro BUKOpH-
ctanHst: Artemis (Quest Medical Imaging Inc., Middenmeer,
HipepnaHau), PINPOINT (Novadaq Inc., OnTapio, KaHaga),
npuctpin Karl Storz PPD i cuctemy Firefly (Intuitive Inc.),
CanHigenn, KanicpopHis, CLLUA) [2,3].

B octaHHe gecAaTunitTa OOCNimKEHHS 3BUYaNHOIO
6nkHboro iHtbpavepeoHoro BikHa (NIR-I, 750-900 Hm)
MOCTYMOBO 30CEPEAUNUCA Ha ApYroMy GrvkHBOMY iHd-
pauyepsoHomy BikHi (NIR-1I, 1000-1700 Hm). 3aBasku
3MEHLLEHOMY PO3CitoBaHHIO CBITNa, NOMMWHAHHIO (DOTOHIB
i aBTObnyopecueHLii, pnyopecueHTHe 306paxenHs NIR-II
3HaYHO NOKpPALLYe rMNBWHY NPOHUKHEHHS Ta CMIBBIAHOLLEH-
Hs1 curHan / Wwym y 6iozobpaxeHHi. HelwoaaBHO Y Kinbkox
JocCTimkeHHsIx 3acTocyBanu Bidyanisauito NIR-Il ans Hasira-
Lii B Xipyprii paKy, BKIlo4atouy nokanisaLlito MyxsvHK, OLiHo-
BaHHS onepaLjiiHnX KpaiB, MOHITOPWHT NiMaTU4HUX BY3niB
i KapTorpayBaHHs BaXIMUBUX aHaTOMIYHUX CTPYKTYp [15].

B ineani HOBI IHCTPYMEHTMW NpaLitoBaTUMYTb i3 KirlbkoMa
JOBXMHaMM XBUIb Y AianasoHi Big BUAVMOrO 40 iHdpayep-
BOHOTO CBIiTrNa, BPAXOBYH4Y LLIMPOKMIA CMIEKTP MOMEKYNSPHO
HaLjineHnx 30HAIB, WO po3pobnsaoTh, 6axaHICTb KOH-
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TpacTHoro 3abapBreHHst 3OPOBOI TKAHUHY | MOXIUBICTb
pagiomeTpuyHoi anckpuminauii [18,19].

3a3Hayunmo, Lo GinbLUICTb i3 HABEAEHUX CUCTEM MatoTb
3MOry oTpUMaTh 306paxeHHs y BrkHbOMY iHpavepso-
HOMy fjanasoHi 6nm3bko 800 HM, LLO € JOBXMHOK XBUMi
36ymkeHns ICG [1,2,3,15].

CucTemu Bidyanisauii B 6rivkHbOMY iHhpadepBoHOMY
[AianasoHi, fki HUHI BUKOPUCTOBYKOTb, BKMKOYAKOTb CUCTEMY
Novadag SPYTM, Artemis™, Hamamatsu’s Photodynamic
Eye (PDE™), Fluobeam® Big Fluoptics, dyHkuioHanbHi
iHTpaonepauiiHi cuctemn FMI, FLARE™ Towwo. BinbLuicts
cucTem 06'eaHYOTb iHbpadepBOHi BiAOUTKK, LU0 BUMMSAa-
I0Tb SIK KOHTPACTHMIA KOIip, HaKMaZeHWA Ha 300paeHHs
y BugumoMmy cBitni; cuctema Storz D-light P Bigobpaxae
¢pnyopecueHuito NIR sk ogHe 306paxkeHHs [3].

Y npakTuui TopakanbHoi Xipyprii MeTon, BUKOPUCTOBY-
10Tb ANS iBeHTUIKaLiT CerMEHTHOT MeXi NpK BTPYYaHHSX
Ha nereHsix, 4Ns OLiHIOBaHHS Nepdysii nig Yac onepadin
3 BUJAnEHHs: CTPaBOXody, ANst ineHTudikauii 6ynbo3HuX
ypaXeHb Mpu CNOHTAHHOMY MHEBMOTOPAKCI, Anst Bidyariaa-
Liii rpyAHOI NPOTOKM Ta NiKyBaHHS XinoTOpakcy, BUSBNEHHS
MicLb BUTOKY Xinycy [1].

lle ogHa MOXNUBICTb, AKY Ja€ 3aCTOCYBaHHA
dnyopecueHLUil y A0BroXBUNbLOBOMY iH(Ppa4epBOHOMY
Jiana3soHi, — BUSBNEHHS NEreHeBNX BY3MUKIB i COMigHMX
MyXIMHHWX TKAHWH NEreHiB i opraHiB CepefoCTiHHS, a TaKoX
ineHTudiKaLis cuMnaTUYHKMX raHMmiiB nig Yac onepadii 3
cvumnarekTomiii [1].

B ocTaHHi poku cnekTpockonist GrimkHLoro iHpayep-
BOHOTO fjiana3oHy nolumpuracsa Ha cdepy negiatpuyHoi
MYHUX BiAAINEHHAX IHTEHCUBHOI Tepanii Ans MOHITOPUHIY
oKcyreHauii TkaHuH nig yac onepadii [20].

B ekcnepumeHTtansHoMy gocnigxerHi Y. Suh et al.
BVBYaIIN MOXIIMBICTb 3aCTOCOBYBATH iHAOLLi@HIH 3eneHui
K pyopecLEHTHNIA areHT y GrivkHBEOMY iHpayepBOHOMY
JianasoHi Ans igeHTudikaLlii napaluMToBMaHUX 3ano3 nig
yac onepavii Ha LWMTOBMAHIN 3ano3i [21]. Hagani y KniHiy-
HUX [OCTIMKEHHSIX JOBEAEHO, WO aBTO(nyopecLeHLis
GrxHLOrO iHdpayepBoHOro AianaoHy Ta ICG-dnyopec-
LieHUis € edheKTUBHUMM IHCTPYMEHTaMW ANS MOKPaLLEHHS
nicnsionepawiiHoi yHKLii napaLLMTOBMAHOT 3an03u nig Yac
onepaLii Ha WMTOBMAHIN 3ano3i [22,23,24,25].

HopmarnbHi i aHomarnbHi TKaHUHW HAAHUPKOBYX 335103
MalTb NPUPOAHY aBTO(NyOpecLEeHLio B BNKHbOMY
iHtbpayepBOHOMY Aiana3oHi. HanswLui piBHi aBTodnyopec-
LieHUji NOB’A3aHi 3 MyXMHaMK, LU0 NPOAYKYKOTb KOPTU30TT.
KoHdbokanbHe 306paxeHHs nokasano HanBULLY iHTEHCWB-
HICTb Y CITYaCTiN 30Hi. Kamepw BUNpOMiHEHHS, 6rin3bkoro
3a CNeKTpoM A0 iHpayepBOHOrO, MOXYTb MOTEHLINHO
NOKPaLLMTL ideHTUdDIKALiI0 TKaHUHW HaJHUPKOBUX 3ano3
nig Yac onepadii [8,23].

IHOoLiaHiH 3eneHuii 3 nyopecLieHTHOIO Bidyanisavieto
MOXHa 6e3ne4yHo N eheKTMBHO BMKOPUCTOBYBATH NS
iHTpaonepawiiHoro NiMaTYHOrO KapTyBaHHS B PEXUMI
pearnbHOro Yacy B NaUieHTIB i3 pakoM MOIOYHOI 3amo3u.
ICG mae nogitHi o 99mTc pesynbTaTh WOAO KiMbKOCT ineH-
TUIKOBAHUX CTOPOXOBMX NiMPATUYHUX BY3MiB, 4acTOTH
HeBOANMX KapTyBaHb Ta iaeHTudikaLji nMMdoBy3niB 3 03-
Hakamu MeTacTaTU4HOro ypaxeHHs [19,26,27,28,29,30,31].

®dnyopecueHTHe 306paxeHHs], ogepxaHe y CnexTpi,
Lo Bnn3bkuit Jo iHpavepBOHOro, 3a AONOMOrOK CUHBOTO
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GapBHKa Mae nepeBaru Ans ineHTudikaLii nimgaTnyHmx
CyAMH, po3TallyBaHHS CTOPOXOBUX NMiMaTUYHNX By3-
nis i nobypoBu mogenen niMgoToKy MOMOYHOI 3ano3n
[19,26,28].

Brmsbka iHdpadepeoHa ryopecueHLis 3 BUKopuc-
TaHHSAM iHAOLiaHIHY 3eMEeHOro € KOPUCHOI 41151 BidyarbHOMo
OLiHIOBAHHS KPOBOHOCHMX CyAMH, KPOBOTOKY Ta nepdyaii
TKaHWH, Gioncii cTopoxoBKx NiMaTUYHKX By3niB, Kap-
TyBaHHS NimMaTU4HUX BY3niB, ifeHTudiKkaLii cyauHHoT
CWCTEMM HABKOIO BEMNUKWX CYAUH i BUSIBMIEHHS CE4OBOLB
[LNs1 BUBHAYEHHS! MOXIMBOCTi 3MEHLLUUTY PU3UK STPOFEHHOTo
YpaxeHHs1 ce4oBoay B KoropekTarnbHii xipyprii [20,32].

B abpgomiHanbHin xipyprii OCHOBHUMW nepeBaramu
BiZ 3aCTOCYBaHHS (hIyOPECLIEHTHOTO KOHTPACTYBaHHS! €
OLiHIOBaHHS Nepdy3ii opraHiB Npu HaknagaHHi KMLLKOBOTO
aHacTomo3y, kpallia BidyaniaaLjis aHaTOMiYHUX CTPYKTYpP npu
BTPYYaHHSAX Ha CTPYKTypax renatobiniapHoi 30HM, Mapky-
BaHHS AeheKTiB LLNYHKOBO-KULLIKOBOIO TpakTy [2,33,34,35].

dnyopecueHTHe 300paxeHHs B GrvxHLOMY iHpa-
YyepBOHOMY AianaloHi 3 ICG € JouinbHUM i akTyanbHUM B
OHKOXIpypril. loro HalbinbLL peneBaHTHIM 3aCTOCYBaHHSM
y Xipyprii paKy LUufyHKa € HaBiraLjiiiHa Xipypris CTOPOXOBUX
BY3niB, KapTyBaHHs NiMgaT4HKX BY3MiB nig yac nimdage-
HEKTOMIl, BU3HAYEHHS CYOMHHOI aHaTOMIl Ta OLHIOBaHHS
aHactomoTiyHoi nepdpysii. 3o6paeHHs NIRF 3 BukopucTaH-
Ham |CG 3acTocoByHOTb TaKoX Ans Bidyaniaavii nyxnvHm Ta
XOBYHOTO AepeBsa nif Yac BTPpyYaHb i3 NPUBOLY paKy OB~
HOro Mixypa [35], a Takox NyXIuH NiALLyHKOBOI 3ano3u [36).

B ornsgi O. Bin-Alamer et al. HaBegeHo cyyacHi nig-
X0AM A0 iHTpaonepaLiiHoi BiyanisaLii B HeMpoXipypriyHii
npakTuLi, 3okpema 3actocyBaHHs ICG Ta iHLWKX BiTanbHX
GapBHuKiB [37].

®nyopecueHTHa Bisyanisauis NIR/ICG moxe Oytu
KOPUCHOK Nig Yac TpaHcnnaHTauii HApKW ans iHTpa-
onepaLifnHoro ouiHioBaHHSA nepdysii anoTpaHcnnaHTary,
0Ccobrn1BO Yy CKNapHUX BUMNagKax 3 KinmbkoMa HUPKOBUMM
apTepisMu Ta cyauHHUMM pekoHCTpyKuismmn. NIRF-306pa-
KEHHs BHYTPILLIHbOBEHHO BBeAeHoro ICG fae amory uitko
iDeHTMdiKyBaTh HUPKOBI TiNAPHI CyAUHW Ta gonomarae
CerneKkTUBHO nepeTtuckatu aptepii. BHYTpiLHbOBEHHE
3actocyBaHHs ICG y noegHanHi 3 NIRF € 6e3neyHum nig
yac BigKpUTUX onepauiin Ha Hupkax. Lis TexHonoris gae
3MOry Xipyprosi BiApi3HUTW MyXMMHU HUPKOBOI KOpW Bif,
HOpMarbHOI TKAHVHM Ta NOKa3ye HUPKOBY CYAUHHY MEpEeXy
3 MOTEHLanom [ns MakCYMasbHOTO OHKOOTYHOTO KOHT-
ponto, 36epexeHHs HehPOHIB Mg Yac BiAKPUTOI YaCTKOBOI
HedbpekToMmii [6,7,8,11,38]. dnyopecLeHTHy Bidyanisauito
B ONKHBLOMY iHChpaYepBOHOMY AianasoHi 3 iHaoLiaHiHOM
3€eMEHVM 3aCTOCOBYHOTh | B poboT-acucToBain xipyprii [39].

BucHoBKU

HalbinbLu NnepcnekTMBHUM € 3aCTOCYBaHHS qoyopec-
LIeHTHOI BidyaniaaLji aHaTOMIYHVX CTPYKTYpP Y OnvkHLOMY
iH(hpayepBOHOMY AjanasoHi Hacamnepes y 30Hax PSCHOI
BacKynspusauii Ta mig Yac OLiHIOBaHHA NPOrHo3y npu
OHKONaTonorii.

MepcneKTMBA NOAAABLUMX AOCAIAKEHb MOB’SI3aHi 3i
3[iICHEHHSIM KMiHIYHOrO JOCHIMKEHHS ANs OLiHIOBaHHS
[iarHOCTUYHOI LIHHOCTI (hryopecLeHTHOI Bidyanidauii
aHaTOMIYHUX CTPYKTYP Nif 4ac nikyBaHHS 3MOSKICHUX
MyXMWH HAPOK.
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PoAb KULLIKOBOI MiKp06ioTH B pO3BUTKY AUCAINiaeMii
Ta PU3UKY cepLieBO-CYAUHHUX 3aXBOPIOBAHDb

T. B. borocnaB®@*

3anopi3bkni AepxaBHUIA MeAMKO-GapMaLEBTUUHUIA YHIBepCUTET, YKpaiHa

MeTa poboTH — y3aranbHeHHs pesynsTaTiB 4OCHimKEHb 3 BUBYEHHS B3AEMOIT KULLIKOBOT MiKpOBIOTY 3 OpraHiaMOoM MtoAuHI B acnexTi
PU3VKY BUHUKHEHHS Aucninigemii Ta 3axBoproBaHb CEpLEBO-CYANHHOI CUCTEMM.

Marepianu i meToau. 3ailicHUNN ONMCOBO-NOPIBHAMBHE LOCTIMKEHHS HA OCHOBI @Hani3y HayKoBOI NiTepaTypu, NPUCBSYEHE porni
KULLUKOBOI MIKpOBIOTI Y BUHUKHEHHI AMCTinigemii Ta po3BUTKY CEpLIEBO-CYANHHUX 3aXBOPIOBaHb. [JOCHimKEHHS BUKOHANN, BUKO-
pUCTaBLUM Taki METOAN: MOLLYKOBWIA, MOPIBHAMBHWIA, aHani3y HayKoBOI NiTepaTypu, y3aranbHEHHS, CUHTESY.

Pe3syAbtatn. Kuwukosa mikpobioTa Bigirpae BaXnuBy posib Y MigTPUMaHHI 300poB's, a ii matonoris niaBuLLYe pU3nK BUHUKHEHHS!
CepLEBO-CYAMHHIX 3aXBOPHOBaHb. B okpemux Bunagkax KOHTPOb 3a KMLLKOBOK MIKPOBIOTOK Ta NPEBEHTUBHE BUKOPUCTAHHS!
npe- i NpoBiOTMKIB MOXE 3HU3UTW PU3NK PO3BMTKY 3aXBOPIOBAHb CEPLIEBO-CYANHHOI CUCTEMM.

BucHoBku. BcTaHoBneHo, Wo TpumeTunamiH-N-okeng, skvin € MikpobioTo3anexHUm MeTaboritom, — nepLunii i3 Garatbox 6ak-
TepianbHWX NPOAYKTIB i3 JOBEAEHOKO POIII0 B PO3BUTKY 3aXBOPIOBAHb CEPLIEBO-CYONHHOI CUCTEMM.

The role of intestinal microbiota in the development of dyslipidemia

and cardiovascular disease risk

T. V. Bogoslav

The aim of the study: to summarize the study results on the interaction between intestinal microbiota and the human body in terms

of the risk for dyslipidemia and cardiovascular system diseases.

Material and methods. A descriptive and comparative study was conducted based on the analysis of scientific literature focused on
the role of intestinal microbiota in the occurrence of dyslipidemia and the development of cardiovascular diseases. The following
research methods were used: search, comparative, analysis of scientific literature, generalization, synthesis.

Results. Gut microbiota plays an important role in maintaining health, and its pathology contributes to the risk for cardiovascular
diseases. In some cases, monitoring the intestinal microbiota and the preventive use of pre- and probiotics can reduce the risk

for developing cardiovascular system diseases.

Conclusions. It has been found that trimethylamine-N-oxide, a microbiota-dependent metabolite, is the first of many existing bacterial
products with the proven role in the development of cardiovascular system diseases.

3a gaHumm BcecBiTHBOI OpraHisallii 0XOpoHU 300poB’s,
CTaHOM Ha CbOTOfHi FOMOBHOK NPUYNHOK CMEPTI B YCbO-
MYy CBIiTi € 3aXBOPIOBaHHS CEPLIEBO-CYOMHHOI CUCTEMN:
iHCynbT, iWemivyHa xBopoba cepus, cepLeBO-CyANHHA
HEOOCTaTHICTb TOWO. Lle MosiCHIOE 3HaYHEe MOCUNEHHS
HaYKOBOIO iHTEPECY A0 L€ Fpynu 3aXBOPIOBAHb i MOLLYKY
HOBUX YNHHWKIB pranKy. OcTaHHIM YacoM y naToreHesi cep-
LIeBO-CyAMHHX 3aXBOPIOBaHb 0COBNMBY yBary NpuainsoTh
poni came KuLKoBoi MikpobioTu. BoHa € HeBig'eMHOI0,
€BOMIOLIMHO 3HAYYLLOK YaCTUHOK OpraHi3My NOANHMY,
o Gepe y4acTb B HW3Li MeTaboniYHKx NpoLECiB, a Bia-
XWNEHHA B i1 KUTTEQIANBHOCTI MOXYTb CTaTU MOLUTOBXOM
[10 PO3BUTKY NaTonorii.

Y DocnimkeHHsX, WO 3hiACHEH NPOTATOM OCTaHHBOMo
[ECATUPINYS, BUSBUMW B3AEMOLjH0 MK XapHOBUMU NPOAYK-
Tamm, MeTaboni3MoM KMLIKOBOI MikpoBioTy Ta MexaHi3MoM
y MoamMdiKyBaHHi pravKy po3BuTKY Avcninigemii Ta cepuie-
BO-CyAMHHUX 3axBoptoBaHb (CC3). BeaxatoTb, WO cknapg
Mikpo6ioTV Moxe ByTh HOBUM YnHHMKOM puanky CC3 [1,2].

[o 98 % GakTepiit KULLEYHMKA NOANHU HanexaTb
fo dinotunis Actinobacteria, Bacteroides, Firmicutes.
BuaHaueHHst «HopmarnbHoi» MikpoBioTy Lie He ycTaneHe.
3anponoHoBaHe, 3a AaHumu xypHany «Naturey, pospis-
HEHHS1 TPbOX EHTEPOTMNIB i3 NEpeBaXaHHAM NMPEeACTaBHUKIB
Bacteroides, cimenctsa Prevotella un Ruminococcus gosoni
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CynepeYsnnBe, OCKINbKW Pi3HOBUAIB MOXIMBIX EHTEPOTUNIB
3HayHo GinbLue [3]. YMoBU cepenoBuLLa (Li€Ta, BXUBAHHS
aHTUBIOTUKIB, ririEHa TOLLO) CTAKOTb MPUYMHOIO KiMBbKICHWX i
SIKICHUX 3MiH MikpoBioTy.

KukoBy Mikpo6ioTy BU3HAYaloTb K «EHOOKPUHHUIA
OpraH», LU0 BMWBAE Ha LIMPKYMHOKOYi CUrHamnbHi MONeKynm
BcepeanHi MakpoopraHiamy [4]. MpoaykTu metaboniamy
iHTeCcTWHanbHKUX BakTepiit (TpumeTnnamiHokena, TMAO),
KOPOTKONAHLIFOrOBi KUPHI KUCHOTU NOB’513aHi 3 BUHUKHEHHSAM
aprepianbHoi rineptensii (Al [5], aucninigemii [6], oxu-
piHHS [7]. Y HayKoBi NiTepaTypi HaKOMUMYEHO AOCTATHBO
iHcbopmaLlii, Wo fae nincTaBu CTBEPMKYBATU: KULLKOBA
MikpobioTa Ta npoaykTu ii MeTaboniamy € He3anexHuMm
YnHHUKamu po3suTky CC3. Bigomo, Lo metabonit xoniHy
3YMOBIIHE PICT aTePOCKNEPOTUYHOI BNSILLKM 11 aKTMBALLiO
anresii TpPOMOOLMTIB, CTUMYHOE 36iMNbLLEHHS apTepianbHOMo
Tpom0y. MigsuiieHa koHUeHTpauis nonepegHukis TMAO
(L-kapHiTVH, xoniH 4u BeTaiH) acouitoeTbCs 3 MiABULLEHUM
PU3NKOM CMEpTHOCTI Bif YCIX Npu4muH, 6epyun fo yearu
TPamULAHI YYHHVKV PU3NKY Ta BUHUKHEHHS HECIPUSTIIMBIX
CepLeBo-CyanHHUX nogin [8].

3Baxatoun Ha onybnikoBaHi pe3ynsTatv JOCTimKeHb,
HeobXiaHO NPOJOBXKYBATW BUBYEHHS PO KULLKOBOI MiKpO-
6i0TM B NaToreHeTNYHNX MexaHiamax po3BuTKy auchinigemi
Ta pusuky CC3.
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MeTa po6otu

Y3aranbHEHHS! pe3ynsTaTiB AOCNiAKEHb 3 BUBYEHHS
B3aEMOfii KMLLKOBOI MikpoGioTM 3 OpraHiaMoM noauH1 B
acneKTi pu3nKy BUHUKHEHHS Aucninigemii Ta 3aXxBoproBaHb
CepLeBo-CyaNHHOT CUCTEMM.

Martepianu i meToAM AOCAIAKEHHA

3ificHMAM ONMCOBO-NOPIBHANbHE JOCTIZKEHHS HA OCHOBI
aHaniay HayKoBoi nitepatypu, NPUCBAYEHE POIi KMLLKOBOI
MIKpOGIOTU y BUHUKHEHHI Aucninigemii Ta po3BuTKy cep-
LIeBO-CYAMHHUX 3aXBOPLOBaHb. [OCMimKEHHS BUKOHAMM,
BUKOPWCTABLUM Taki METOAM: MOLLYKOBWIA, MOPIBHSMNbHUI,
aHanisy HayKoBoI NiTepaTypu, y3aranbHEHHs, CUHTE3Y.

Pe3yabTati

Ak kuwKoBy MikpobioTy (MikpobioTa, Mikpobiom) Br3Ha-
YatoTb BEMNUKY Ipyny MIKpOOpraHiaMmiB, L0 3HAXOAATHCS
B KuweyHuky mopuHu. Lle noHap 50 pogis i GinbLu Hix
500 Bugis BakTepin, KinbKICTb AKVX Y LWTYHKOBO-KULLKOBOMY
TpakTi ntoauHW nepesulye 10, Mikpobiota Bepe yyacTb y
PO3LLENEHHI iXXi Ta NiKapCbKVX PEYOBWH, LLO HAAXOAATb A0
OpraHiamy NtoAnHW, B pesynbTarTi BigbyBaeTbCs BUpoBneHHs
Ta CeKpeList Y KPOBOHOCHY CUCTEMY APiOGHOMONEKYNSPHUX
BTOPUHHWX MeTaboniTiB, Aki MOXYTb BNAMBATW HA OpraHu
i cuctemm [9,10].

3 KOXHMM POKOM 3'IBNSIETHCS YCe Binblue iHopmaLii
npo BnnuB MikpobioT Ha natoreHes CC3 [11]. Tak, nigsm-
LLeHHs1 piBHs TpumeTunamiHy-N-okenay (TMAO), npogykTy
OKMCHEHHS! B NeviHLi 6akTepianbHoro metabonity Tpume-
TMnamiy, npsmo kopentoe i3 CC3 [12]. TMAO 36inbLuye
rinepakTUBHICTb TPOMOOLNTIB, MigBMLLYE pU3MK TPOMDO3iB
i € npegukTopom po3sutky CC3.

MeTaboniam kuLLKOBIX MiKpOGIB 3MiACHIOE peryntoBarb-
HWVA BNAMB Ha 30OPOB’S JIIOAMHM, @ TAKOXK Ha BUHWUKHEHHS
CC3[13,14]. Pasom i3 Tm ckrag KMLLIKOBOT MiKpoBioTy Moxe
BiAPI3HATICS MPM PI3HNX 3aXBOPHOBAHHSX CEPLIEBO-CYaNH-
HOi cucTemu. BeTaHoBWNM, Hanpuknag, Lo XBOpi, y SKUX
BUSIBNEHO KarnbUmdikaLito KnanaHis cepus, Ta nawieHT 3
iLIeMi4HO0 XBOPODOI CepLs BiAPI3HAOTLCS 3a XapaKTepoM
amcbakTepiosy kuwedHmka [15]. Lier dakt moxe Byt kopuc-
HWM MiZ Yac AiarHoCTuk, npodbinakTuky Ta nikysaHHs CC3.

3aificHunm Yimano gocnimkeHb Mikpobiot B 0cCib i3
HagMIpHOK Macoto Tina. Pesynbrati Lux AocnimKeHb He-
0fHO3HAYHi. TaK, BCTAHOBWIN, LLIO XBOPI HA OXMPIHHS MatoTb
MEHLLY Pi3HOMaHITHICTb MiKpObiOTI 3a BULOBUM CKIaZgoM,
Hi>k 0cO0M 3 HOpMarnbHUM iHaekcoM Macu Tina [16]. Brim,
[OCHiAHVKM HEe MatloTb OHOCTANHOCTI L0 TOro, SiKi came
6akTepii acoLjittoTbCS 3 PO3BUTKOM OXMPIHHS.

Mepwi JocnifXeHHs B Wil ranysi cBig4yunu npo
MiaBULLEHE CNIBBIAHOLIEHHS MpeacTaBHUKIB Firmicutes |
Bacteroidetes. Y npausix 3 BUKOPUCTaHHSIM LLIOTTaH-CEKBe-
HyBaHHS Lie He Gyno nigTBepmxeHo. BctaHoBneHo, Wwo
B 0Ci0 i3 HAAMIpHOK Macoi Tina 3HWXEHa KinbKicTb
npeactaBHukiB cimencts Oscillospira, Chistensenellacea,
Rikenellacea, Bifidobacterium, a Takox 3Ha4HO MeHLIe
MyLMH-po3LuenntoBaHnx 6aktepiii Akkermansia muciniphila
[16]. BraHaunnm obepHeHo NponopLiiiHMiA 38’30k GakTepil
A. muciniphila 3 iHoekcom mMacu Tina Ta piBHeM Tpurmile-
pvais y nna3mi kposi [17].
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OnuH i3 MOXIMBMX MeXaHi3MiB BNANBY MikpobioTu
Ha X1POBWIA OOMIH MOAMHN — 0BMIH KOPOTKOMAHLIOrOBMUX
xupHux kuenot (KIMKK): auetaty, nponioHaty, ytupary.
BoHw yTBOPIOKOTHCS B pe3ynbTaTi po3LUensieHHs GakTepismm
K/LLIEYHVKa HenepeTpaBrioBaHUX epMeHTamMu MoauHU
cknapHux Byrnesogis. Maike Bci KIDKK y nnasmi — npogyk-
Tv MeTaboniamy 6akTepiit. Tak, y THOTOGIOTUYHIX MULLEN iX
Maiixe He BU3Ha4atoTb Y KPOBI, @ 3@ HAasiBHOCTi Mikpo6ioTu
KOHLeHTpauis 3pocTae y noHag 100 pasis [18]. KIDKK mo-
XyTb 3a6e3neumnTh GinbLue Hix 10 % AeHHOT eHeprii NioauHN
[19], Tomy noriyHo, LWo B OCib i3 HaAMipHO Macoto Tina
BU3HaYatoTh nigsuLLeHnin cuHtes KIMKK [20].

Y X1poBOMY OOMIHi NIOAMHN BaXTMBE 3HAYEHHS Ha-
NeXiTb TakoX iHWMM meTabonitam BakTepinn — XOBYHUM
kucnotam (XKK). Pazom 3 y4acTio y BCMOKTYBaHHi XupiB
BOHU BifirpaloTb POfb CUrHarbHWX MOMEKYM, OCKIbKA €
niraHgamu ans dapHesoigHoro X peuentopa (farnesoid X
receptor, FXR), WO eKcrnpecyeTbes Ha KIiTUHAX NediHky,
KuLeyHuka, agunoumtax [21]. Yepes FXR 3gicHioeTbes
aytoperynauis cuHtesy XKK: npu ix noegHaHHi 3 FXR y
TOHKIA KWL akTUBYETbCS (haKTop pocTy hibpobnacTis
15 y muwwen (19 — y noguHw).

LLle ogHmm peuentopom KK € Takeda-peuenTop, skui
acoujtoetbes 3 G-6inkom 5 (TGRS), wo ekcnpecyeTbes Ha
L-kniTHax KuLeYHYKa Ta KNiTuHax Gypoi XMPOBOT TKAHWHM.
AKTWBaLiA LbOro peLientopa NprU3BoanTb A0 MiABULLEHHS
BUTPATN eHeprii Yepes iHAOYKLito eKcnpecii TMpeoiaHoro
peuenTopa [19,22].

MikpobioTa BHacnigok akTMBHOCTI HGakTepianbHUX
(hbepMeHTIB 3MIHKOE CKnag Myny 3KOBYHMX KWCIIOT, @ OTXe
MpW3BOANTbL A0 aKTUBaLii / NPUTHIYEHHS (hyHKLTi Ha3BaHNX
PeLENTOpIB, BNMMBAKYM Ha XMPOBUIA 0BMIH B OpraHiami
noanHn [23].

[ocnigxeHHs, 3aiicHeHi B Kutai, nokasanu, wo
KMLWKOBa MikpobioTa MOXe BMNIMBATK Ha BUHUKHEHHS
aHeBpu3MM YepeBHOro Biaginy aoptu (AYBA). B ekcne-
pUMeHTi 3a gornomoroto aHrioteauHy Il iHgykysanm A4BA.
Yepes 28 gHie Binbupanw 3pasku ekanin. Y pesynsrari
BusiBMnocs, Lo npu AYBA kinbkicTb 6aktepin Akkermansia
i Lachnospiraceae A2 3HuxeHa, a KinbkicTb Lachospiraceae
bacterium, COE1, Coryne bacterium stationis, Firmicutes
bacterium ASF500, Helicobacter bilis Ta Clostridium leptum
nigBuLLEeHa MOPIBHSHO 3 KOHTPOIbHOK rpynot. BceTaHo-
BUIW TaKOX KOPENsLiiHi 3B'A3kM Mix TsbkkicTio A4BA Ta
Mikpobiomom kuweyHuka. baktepii pogy Akkermansia Ta
Parvibacter HeraTyBHO KOpentoBany 3 fiaMeTpPOM aHEBPU3-
mu, a Mix Odoribacter, Alistipes, Helicobacter, Bacteroides,
Ruminococcuc, Megamonas Ta Alloprevotella BctaHoBunm
NO3UTUBHWIA KOPENSALINHWIA 3B'A30K [24]. rpyHTyIO\WICb Ha
LMX JaHux, npunyckaroTh, Wo Akkermansia Ta Parvibacter
MOXYTb OyTW BaXXNMBMUMM Ans NpodinakTvkv (popMyBaHHs
Ta nporpecyBaHHs A4BA.

A. Shikata et al. BctaHOBMNK, LLO NPUIAMAHHS aHTK-
6ioTVKIB NPOTATOM TPLOX TWXKHIB O iHAYKLii aHeBpHU3MK
Ta TPOX TWXKHIB NICMS LIbOr0 BUCHAXYE Pi3HOMAHITHICTb
KMLLKOBOI MIKpOBIOTH, @ TaKoX 3HAYHO 3HKYE YacToTy
BUHWKHEHHS1 aHeBpU3MK [25].

BHecok MikpobioTu B yTBOPEHHS aTepPOCKNEPOTUYHIX
ONSLIOK HWHI MOSICHIOIOTL HE TiMbKK i He CTIMbKK 3MiHOH
piBHA NiNiAiB, CKINbKM CUrHANBbHUM LUMSXOM TPUMETUI-
amiH-N-okcuay, Wo Bidirpae BaXnmBy pomb Y natoreHesi
CC3. TMAO inaykye aktuBaLio TF-kappaB Ta nigsulye
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eKcrpecito nposananbHKX reHiB, BKIKOYAOUM 3ananbHi
LIMTOKIHM, MOMNeKyn aaresii Ta XeMokiHu [26]. Busisuim,
Lo nigsueHni piseHb TMAO € YUHHUKOM pU3KKY cepLie-
BO-CyAMHHUX NoAin (major adverse cardiovascular events)
y navujeHTiB 3 atepocknepo3oM. Hagani Moxrnuee BUKO-
PUCTaHHS LibOro Mapkepa Ans BU3HAYeHHS ocib i3 rpynu
puavky CC3, Ans giarHOCTVKM 3aXBOPOBaHb Ta Tepanii [27].

Y npoueci KNiHIYHUX LOCiMKEHb Ha NHOAAX BUSBUIN,
Lo B pasi 3acToCyBaHHs NpobioTvKiB crocTepiran Taki
edheKTU: 3HKEHHS PIBHIB NINONPOTEIAIB HU3LKOT LWiNbHOCTI
Ta 3aranbHOro XONecTepuHY, MiABULLEHHS PIBHS MiNONpo-
TeifiB BUCOKOI LLiNbHOCTI, 3HMXXEHHS CUCTONIYHOIO apTepi-
anbHOro TUCKY, NABULLEHHS aHTUOKCUAAHTHOI aKTUBHOCTI.
BusHaumnu, wo Lactobacillus, Lactococcus, Bifidobacterium
3HUXYIOTb PiBEHb XONeCTepUHy in vitro Ta in vivo [28].

Kpim meTaboniTig, Lo BnnuBatoTb Ha natoreHes CC3,
€ 1 iHWi Wwnsxv B3aemogii. Hanpuknag, ninononicaxapva
(KOMMOHEHT KIITUHHOI CTiHKW 6aKTepiin) CNPUYNHSE eHA0-
TOKCEMIt0 Ta CUCTEMHE 3ananeHHs HU3bKOI IHTEHCUBHOCTI,
NPU3BOASYM 00 PO3BUTKY OXUPIHHA Ta NpPOrpecyBaHHs
aTepockeposy, CepLEeBOi HeOCTaTHOCTI. B ekcnepymeHTi
MnokasaHo, L0 roflyBaHHS YEPE3 LUYHKOBUIA 30HT, XWBU-
mu B. vulgatus Ta B. dorei nocnabniosano (opmyBaHHs
aTepoCKINepOTUYHOTO YPaKEHHS B MULLENA, CXUMbHUX
[10 aTepoCKIEepo3y, 3HAYHO 3HIBKYIOUM EHOOTOKCEMIlO 3
HaCTYMHUM 3MEHLLEHHSM MPOAYKLIT KALWKOBWX Minononi-
caxapwzis, eheKTUBHO NMPUrHivyouM npo3ananbHi iMyHHi
peakuii [29].

Ony6nikoBaHo faHi npo 3aatHicTb TMAO 36inbLuyBaTu
arperauiHy 3aatHicTb TpombouwTis [30]. Lie BinbyBaeTbes
3a [JOMOMOTOH0 MiABULLEHOTO BUBITIbHEHHS IOHIB KanbLyjto 3
BHYTPILUHBOKNITUHHUX AEN0 Yy BiANOBIAb Ha (hidionoriyHi
CTUMYNATOPY. BU3HaUMNM «40303anexHy» KOPENsLio MK
pisHeM TMAO 11 akTUBHICTIO TPOMOOLMTIB.

[oBeneHo 3B’A30K riNepTOHii Ta 3MiHK cknagy Mikpo-
6ioTv knweyHwka [31]. BcTaHOBMEHO, LLO NpU riNepTOHIYHIN
XBOpOGi MiKPOBIOM KMLLIEYHMKA XapaKTEPU3YETHCS MEHLLOK
pi3HOMaHiTHOO Ta BaraTolo hropoto 3 NiABULLEHNM CriB-
BigHoLLeHHsM GakTepint TUny Firmicutes i Bacteroidetes,
3HWKEHHAM KinbKOCTi aueTar- i ByTupatnpogykyBanbHUX
6akTepil, 36inbLUEHHSM KiNbKOCTi BaKTepil, Siki NPOaYyKyHTh
nakTar [32]. Y gocnigxenHi T. Katsimichas et al. gosegeHo,
L0 KMLLKOBE 3ananeHHsi, NoB’a3aHe 3 aucbakTepiosom,
6epe yyacTb y NiATPUMLI BUCOKOrO apTepianbHOro TUCKY
[33]. B ekcnepumeHTi nokasaHo, Lo npuiiMaHHs npebioTukis
i NpOGIOTUKIB CMpWSIE 3MEHLLIEHHIO MPOSIBIB apTepianbHOi
rinepToHii [34]. Y HacTynHWX JOCHimMKEHHAX NIATBEPIKEHO,
LU0 MpUAMaHHS navieHTamy NpobioTyKIB Ai€ rinOTEH3NBHO
[35]. Hanpuknag, Lactobacillus casei CnpusitoTb 3HWXKEHHIO
CWCTONIYHOTO 1 4iaCTONIYHOrO apTepianbHOro TUCKY B navyi-
€HTIB 3 rinepToHieto [36].

PerynioBaHHs apTepianbHOro TUCKY — CKIaaHuiA npo-
Liec, Ha SIKVA BNMMBAKTb Pi3Hi YUHHIKM, SIK-OT reHeTvIKa, o-
BKINNs i ropMOHanbHa perynsuis. Bussunu, Lo noacbkui
TPaBHWA TPaKT Mae 3B'S30K i3 LEHTPanbHOK HEPBOBOIO
CMCTEMOIO Yepe3 CKNagHi cUrHanbHi NPOBIgHI LWNAXK,
BKIT04al04M ABOCNPSMOBAHI HEMPOEHOOKPUHHI CUrHanm
Ta iIMyHOMOrYHI YMHHUKK. Ll Tak 3BaHa BICb «KMLLEYHWK
— MO30K» CKNafaeTbes 3 MikpobioTM TPaBHOTO TpakKTy,
LIeHTpanbHOi HEepBOBOI CUCTEMM, eHTeparbHOI HEPBOBOI
cUCTEMW Ta MapacMNaTUYHUX i CUMNATUYHUX HEPBOBUX
cucteM. BCTaHOBNEHO TakoX, LU0 3MiHa CKragy KULLKOBOT
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MikpoBioT¥ acoLliioBaHa 3 BUHVKHEHHSIM HerpoaereHepaLlii.
Kpim perynioBaHHs Mikpornii, MikpobioTa 3naTtHa cnpuim-
HSITW HEMPOIMYHHY aKTMBaLi0 3@ OMOMOroH Bi0aKTUBHMX
metaboniTis, 3okpema KIDKK [37].

3rigHo 3 pesynsTatami AOCTILKEHb, NPU iLLEMIYHIN
xBopobi cepus (IXC) pi3HOMaHITHICTb i 6araTcTBO Mikpo-
6ioT 3HWxeHi [38]. BU3Haumnu nigBULLEHHS KinNbKOCTI
Escherichia, Shigella Ta Enterococcus Ha Tni 3HWKEHHS
kinbkocTi Faecalibacterium, Subdoligranulum, Roseburia
Ta Eubacterium rectale. AHania metaboniyHnx LUNAXiB
Moka3as, LU0 A1Cchio3 KMLLKOBOI MIKpOGIOTM BNMBaE Ha na-
ToreHes IXC [39], a piBHi K/LLKOBUX METABONITIB KOPENIOThL
i3 TsKKICTIO 3axBoproBaHHs [40]. Kpim Toro, piBHi dhekansHnx
ninononicaxapuais y xBopux Ha IXC #oCTOBIpHO BULLi Ta
HeraT1BHO KOpPentoBanm 3i 3Ha4HOI0 KinbkicTio B. vulgatus
i B. dorei.

B ogHomy 3 pocnimpkeHb BUSIBUMW, LIO CMOXMBAHHS
Lactobacillus plantarum 3Hwxye piBeHb 3ananbHux map-
kepiB y xBopyx Ha cTabinbHy IXC [41].

Y npoueci KniHiYHOro JOCMimKeHHs BCTAHOBIEHO, WO
33 YMOBM NMPUAMaHHS CUHBIOTMKIB AOPOCAIMMM MPOTSIOM
6 micsAuiB BinOYBaETLCA 3HIKEHHS PiBHS NinonpoTeiHy (€
4nHHUKOM puanky IXC Ta iHwmx CC3) NopiBHSHO 3 rpynoto
0Cib, siki oTpumMyBanu nnauebo [42].

Haykosi npaLi, NpycBSYEHi BUBYEHHIO PO KULLIKOBOI
Mikpo6ioTV npm iHchapKTi Miokapaa, MoKV 0BMexeHi ekcne-
pUMeHTarnbHUMM JOCHiMKEHHAMM Ha TBapuHax. OpHak pe-
3ynsTaT, WO BXe OAepxarnu, CBia4aTth Npo porb MikpobioT
y hOpMyBaHHi 3ananeHHs B Miokapgi, 0ro 3MEHLLEHHS npw
HopManisauii cknagy MikpoGiB 3a Jornomorot npobioTHKiB
4n bekanbHoOi TpaHcnnaHTauii Mikpobiotn. MikpobHe
BiHOBMEHHS 3a JONOMOro (hekanbHOI TpaHcnnaHTauii
iCTOTHO nigBuLLYye BXvBaHiCTb. Lle nigTBepaxye yvactb
KWLLKOBOI MiKpoGioTW y paHHii penapaii miokapaa [43].

Lam V. et al. Bynu ogHuMK 3 nepLunx, XTO 3BEPHYB
yBary Ha NoTeHLLiiHWIA BNIMB MIKPOBIB Ha peMOAentoBaHHs
LUNYHOYKIB Nicns iHapKTy Miokapga [44]. Y aocnimkeHHi
MoKas3aHo NepoparnbHe BBEAEHHS aHTUBIOTIKA BAHKOMILIMHY
Ta npobioTuka, Wo MicTuTb Lactobacillus plantarum 299v
i Bifidobacterium lactis Bi-07, nepeg iwemiyHo-penepdy-
3iNHAM MOLUKOMKEHHAM. BUABNEHO 3HA4YHE 3MEHLLEHHSI
po3Mipy iHbapKkTy Ta MOKpaLleHHs yHKLii Miokapaa B
wypis [44].

MikpobioTa KuLeYHrKa B NIOAEN NPU CepLeBiit He-
pocrtatHocTi (CH) xapakTepuayeTbCsl 3HWKXEHHAM CriB-
BigHoWeHHsA Firmicutes | Bacteroidetes Ta 3HWXEHHSM
GakTepianbHoro poamaiTTs [45]. MigsuieHuin piseHs TMAO
BW3HAYMNM B Mauj€eHTiB i3 HecnpuaTnveum nepebirom CH
[46]. Kpim Toro, nopyLueHHs anaHcy MikpoBioTy KuLe4HuKa
3yMOBIHE PO3BUTOK CEPLIEBO-CYAMHHNX 3aXBOPHOBAHD.
BuisiBneHo Takox, wo CC3 i ancbioan MoxyTb nocunoBaTn
OOMH OAHOrO. 3HWXEHHS CEepLEBOro BUKMAY, MOB'sI3aHe 3
CH, npu3BoanTb 40 HAOPSIKY CTIHKM Ta iLEeMi KMLWEYHMKA,
nopyLLeHHsi 6ap’epHoi dyHKLii kuweyHuka [47]. Le, ceoeto
Yeprow, 3MiHIBaTUMe CcKnag MikpobioTy, NOCUMIOKYM
cepLeBy He[oCTaTHICTb BHACNIAOK akTWBaLii CUCTEMHOMO
3ananeHHs [48].

3rigHo 3 pesynbTatamy eKcnepuMeHTanbHUX fochi-
[KeHb, PO3BUTOK CEPLIEBOI HEAOCTATHOCTI NiCNs iHbapKTy
MioKkapaa B LLypiB He BMIMBAB Ha KULLKOBY MiKpOBioTY, Ha
BiAMIiHY Bif ICTOTHUX 3MiH, LLO 3apeecTpoBaHi Y KULLKOBIN
Mikpo6ioTi xBopux Ha CH [49]. Lie yaromkyeTbes 3 ysBneH-
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HSIM PO Te, Lo Anc6io3, SKNI BU3HAYa0Tb Y NaLliEHTIB i3
CH, moxe nepenysaTi CepLieBO-CyanHHIN AUCDYHKLIT, a
TOMY METOA € NEePCreKTUBHUM ANt PaHHbOI AiarHOCTUKM
Ta nikyBaHHs.

BucHoBKH

1. KuwwkoBa mikpobioTa Bigirpae Baxnuey ponb y
MiATPUMaHHI 300poB’a, a ii naTonoris NigsuLLye PU3nK
BWHUKHEHHS CEpLIEBO-CYANHHNX 3aXBOPOBaHb.

2. BcTaHOBMEHO, WO TpuMeTunamiH-N-okena, skui e
MikpoGioTo3anexH1m MeTabonitTom, — NepLUni i3 6aratbox
6akTepianbHUX NPOAYKTIB i3 AOBEAEHO POMITO B PO3BUTKY
3aXBOPOBaHb CEPLIEBO-CYOANHHOI CUCTEMM.

3. B okpemmx Bunagkax KOHTPOSb 3a KULLKOBO MIKpO-
6i0TO0 Ta NPEBEHTUBHE BUKOPUCTaHHS Npe- i NpobioTukiB
MOXe 3HWU3UTU PU3NK PO3BUTKY 3aXBOPIOBaHb CEPLIEBO-CY-
LVHHOI CUcTemu.

MepcneKTMBM NOAAABILIKMX AOCAIAKEHb NONAraKThb
Y KIiHIYHOMY BMBYEHHI KULLKOBOI MIKpOBiOTM mauieHTiB
ANa NpodinakTuky Ta MikyBaHHS CepLeBO-CyANHHUX
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Aim. To study the main pathogenetic mechanisms in the development of dystrophic-inflammatory periodontal diseases by analyzing
scientific research results covered in current specialized literature.

Material and methods. Searching, systematization, processing and analysis of scientific sources, which present modern theories
of pathogenesis and development of dystrophic-inflammatory periodontal diseases.

Results. The conducted data analysis from modern literary sources proves that the progression of dystrophic-inflammatory
periodontal diseases depends not only on the development of local inflammation in the periodontal tissues caused by the dental
plaque microflora, but also it is a reaction to the influence of systemic factors. They lead to profound changes in the body internal
environment and, as a result, to structural damage of the periodontal tissues. At the same time, the results obtained do not allow
the authors to clearly assess the nature of these relationships and require further in-depth studies.

Conclusions. Understanding the pathogenetic mechanism of periodontal diseases allow developing optimal measures for their
diagnosis, prevention and treatment.

DAefiki acnekTH cUCTEMHOro eTionatoreHe3y AUCTPOdiuHO-3anaAbHUX 3aXBOPIOBaHb
napoAoHTa (OrAfiA AiTepaTypu)

0. M. Hemelw, 3. M. ToHTa, |. B. LLuAiBCbKMH, K. A. Mopos, 0. 0. Muranb

Meta po60Th - BUBYEHHSI OCHOBHIWX MAaTOTEHETUYHUX MEXaHI3MIB PO3BUTKY AMCTPOChIYHO-3ananbHUX 3aXBOPIOBaHb NapoAoHTa
LUNSAXOM aHaniay pe3ynbraTiB HayKoBWX LOCHiMKEHD, O HABEAEHI B CyyacHii haxoBiit nirepatypi.

Martepianu i metoau. 3ailicHNM NOLLYK, cMCTEMATM3aLlit0, ONpPaLIOBaHHS 11 aHani3 HayKOBWX [PKEPEN, B SIKUX HABEAEHO Cy4acHi
Teopii NaToreHe3y Ta po3BMTKY AMCTPOCIYHO-3ananbHNUX 3aXBOPOBaHb NApOAOHTa.

Pe3yAbtatn. AHani3 BigOMOCTEN Cy4acHOi HayKoBOI MiTepaTypy JOBOAWTD, L0 MPOrpecyBaHHS AMCTPOGIYHO-3anarnbHNX 3aXBo-
ptoBaHb MapOAOHTA 3aMneXWTb He TiNbKM Bif PO3BUTKY NIOKANbHOMO 3ananeHHs, LWo CnpuYnHeHe Mikpodriopoto 3y6HoT bnswkw, B
110ro TKaHUHaX, ane € peakLieto Ha BNIMB CUCTEMHIX dhakTopiB. BoHW Npu3BOASATH 4O iICTOTHUX 3MiH BHYTPILLHBOTO CepeoBuLLa
opraHiamy Ta, ik Hacnigok, 4O CTPYKTYPHOTO YpaXeHHs TKaHWH napopoHTa. BTiM, pesynbratu focnimkeHb He AatoTb Miactas
O[HO3HAYHO OLIHWTM XapaKTep LiuxX 3B'A3KiB i 0BrpyHTOBYIOTb HEOOXIAHICTb NPOLOBXKYBATM POGOTY Y LIbOMY HanpsMi.

BucHoBKU. Po3yMiHHSI MexaHi3aMiB naToreHe3y 3aXBOpHOBaHb MapOLOHTa A€ MOXMMBICTb PO3POBUTM ONTUMAnbHI 3axoau 3 X
fiarHoCTUKK, NPOINakTVKW Ta NikyBaHHS.

Numerous studies and observations of recent decades have
convincingly shown that chronic periodontal dystrophic-in-
flammatory diseases belong to the group of multifactorial
diseases. An important role in their development is played
by impairments in the immune system and metabolism,
genetic predisposition, functional disorders of certain organs
and systems, and other factors [1,2,3,4].

Aim

To study of the main pathogenetic mechanisms in the de-
velopment of dystrophic-inflammatory periodontal diseases
by analyzing the results of scientific research, covered in
current specialized literature.

Insights into the mechanisms of the occurrence and
progression of generalized periodontitis (GP) has advanced
greatly over the past decades. Influential factors include
violations of microcirculation and transcapillary exchange,
the imbalance between immunocompetent systems, the
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involvement of autoimmunity, and insufficient antioxidant
protection [4,5,6,7].

Chronic dystrophic-inflammatory processes in the oral
cavity are manifested not only by inflammation of periodontal
tissues caused by pathogenic microorganisms, but also
by a complex combined imbalance between protective
mechanisms in the whole body: immune and endocrine,
microcirculation, neurohumoral regulation, mineral meta-
bolism, vitamin deficiency, changes in the connective tissue
metabolism, psychosomatic disorders, endotoxicosis.
All these leads to a weakened body resistance, and in
combination with external factors (dental plaque microbial
colonization) — to the GP development [4,6,8].

In the development of periodontal dystrophic-inflamma-
tory diseases, the combined action of three pathogenetic
factors has an important role to play: microorganisms, en-
dogenous factors, and exogenous environmental influen-
ces. The oral cavity microflora is considered as one of the
most important specific stimulants of triggering mucosal
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immune response. Strengthened or weakened pathological
effects of a pathogen on the periodontal tissues depends on
the state of immunity, which regulates the balance between
microbiocenosis and the oral mucosa tissues, in particular,
through cytotoxic immune response [4,5,7].

One of the determining pathogenetic factors in the de-
velopment of dystrophic-inflammatory periodontal diseases
is violated regional hemodynamics and microcirculation
in the gingival tissue. Blood circulation in the periodontal
tissues is 3-5 times more intense than in other organs.
Periodontal microvessels not only provide the trophic
and oxygenizing function, but also constitute its hydraulic
apparatus, taking an active role in the biomechanics of
the maxillofacial segment. Microcirculation disorders are
often a diagnostic sign of early trophic disorders in the oral
mucosa tissues. Long-term damage to the endothelium of
the vascular wall plays a key role in the pathogenesis of
not only generalized diseases of the periodontal tissues,
but also a number of systemic diseases [1,5,8].

Scientific studies have defined that a spastic state of
arterioles occurred within the gingiva with the development
of periodontitis, the number of functioning capillaries de-
creased, intravascular blood aggregation developed and
blood circulation was disturbed. Changes in microcirculation
occur already in the early stages of periodontitis develop-
ment and determine the pathological process progression.
Perivascular abnormalities are manifested by changes in
connective tissue cells, degranulation of mast cells, trans-
formation of histiocytes into macrophages; biochemical
and physical-mechanical changes in the main substance
surrounding microvessels. These changes, as a rule, do
not arise in isolation, but form an integral part of the in-
flammatory process complex development, often caused
by exogenous factors, including occupational hazards [4,9].

Damage to the vascular wall during periodontal inflam-
mation causes the activation of intravascular adhesion and
platelet aggregation, results in local blood coagulation with
the possible development of disseminated intravascular co-
agulation syndrome. Hemostasis system disorders worsen
the severity of inflammatory processes in the periodontal
tissues. The main factors that change the capillary wall
permeability are decreased PO,, increased PCO, levels,
acidosis development due to the accumulation of under-
oxidized metabolic products (lactic, pyruvic acid, etc.), as
well as such powerful factors of permeability regulation as
histamine, serotonin, bradykinin, prostaglandins, lysosomal
enzymes, and others. The involvement of inflammation
induced by a microbial factor aggravates and accelerates
destructive processes in the periodontal tissues [1,4,9].

In the pathogenesis of dystrophic-inflammatory diseas-
es of the periodontium, disordered lipid peroxidation plays
an important part. Patients with GP have increased perox-
idation processes in saliva and periodontal tissues. Con-
jugated dienes, trienes and malondialdehyde accumulate,
the levels of which correlate with the severity and course
of GP. The amount of peroxide oxidation substrates, ara-
chidonic acid, thromboxanes and leukotrienes, increases.
These toxic products cause periodontal tissue hypoxia, lead
to metabolic changes and dystrophic disorders [10,11,12].

Excessive production of active oxygen species causes
hypoxia of the periodontal tissues, leading to activation of
free radical oxidation processes. The generation of active

3anopisbkuin MeguuHuii xxypHan. Tom 26, Ne 2(143), 6epeseHb — kBiTeHb 2024 p.

oxygen species in tissues normally induces protective
mechanisms — antioxidant and other defensive systems.
In an imbalance in the ROS/antioxidant protection system
with the prevalence of the former, the level of lipid peroxi-
dation in cell membranes increases with their destruction,
breakdown and release of endogenous toxins. Cell division
is also impaired and unreactive products of lipid and protein
peroxidic denaturation are accumulated. Activation of free
radical oxidation in periodontal structures is one of the
factors that inhibits its resistance to adverse effects, that
sets the stage for unimpeded extension of the inflammatory
process [13,14,15].

There is a specific system of antioxidant protection
(AOP) in the human body to mitigate processes of lipid and
protein peroxidation. The leading place in it is occupied by
the intracellular enzyme catalase. The main enzymes of
AOP traditionally include, in addition to catalase, superoxide
dismutase (SOD), haloperoxidase, glutathione-S-trans-
ferase, glutathione reductase, ceruloplasmin, transferrin,
and peroxiredoxins. The non-enzymatic link of AOP is
represented by a number of low-molecular compounds,
the most important among these are glutathione, vitamins
E, C, A. Many researchers have demonstrated a decrease
in the activity of catalase, SOD, transferrin and the central
nervous system overactivity in patients with both initial forms
of GP and severe stages of the GP development, especially
in case of the disease exacerbation [16,17,18].

The development of dystrophic-inflammatory diseases
of the periodontium is also related to an imbalance between
biosynthesis and catabolism of the connective tissue intra-
cellular component, especially non-collagen periodontal
proteins. In chronic GP with the decreased activity of SOD,
catalase, haloperoxidase, and cytochrome oxidase, the
level of sulfhydryl groups in the gingiva increases, indicating
protein breakdown [19,20]. There is a sharp decrease in the
overall antioxidant activity of saliva, i.e. enzymatic systems
of antioxidant protection, that causes the development of an-
tioxidant “starvation” in the periodontal tissues. Because of
increased processes of lipid peroxidation in the periodontal
tissues, there is a decrease in lipoproteins, phospholipids,
and triglycerides in dystrophic-inflammatory periodontal
diseases. As aresult, patients develop significant disorders
of protein metabolism, manifested by hypo-, dysproteine-
mia, and hypoalbuminemia, which are due to insufficient
synthesis of individual proteins in the zone of slow and fast
posttransferrins, as well as a decrease in the concentration
of anti-inflammatory proteins of the acute phase. This leads
to a stress on the entire system of antioxidant protection,
which is evidenced by elevated levels of ceruloplasmin
and transferrin in the blood of patients. In the midst of this,
immune system dysfunction easily occurs [12].

The course of dystrophic-inflammatory periodontal
diseases is accompanied by a cascade of immunological
alterations in the body of patients. During the progression
of dystrophic-inflammatory processes, the spectrum of
antibodies to various types of microorganisms and patho-
logically changed periodontal tissues increases. At the same
time, local factors of antimicrobial protection, for example,
salivary lysozyme, are greatly reduced. Scientific studies
have proven that the interlink between the direct pathogenic
action of microorganisms and the immunopathological
reaction to the periodontium determines the degree and
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character of the damage. In this regard, some researchers
note that the pathological process course in the periodontal
tissues is driven more by the body immune response than
by the microflora pathogenicity [2,5].

More than 530 species and subspecies of microor-
ganisms have been detected in biofilm samples of the oral
cavity, but at the moment, not all the periodontopathogens
have been identified. It is believed that at the initial stages
of periodontal inflammation, microbes act as chemotoxic
agents that promote neutrophil, lymphocyte, and monocyte
migration to the site of microbial invasion. These cells, under
the influence of microbial products, release inflammatory
mediators into the environment, causing a reaction of the
microcirculatory bed, which is manifested by the dilation
and increased permeability of blood vessels. Morphological
studies have revealed an increase of the number of neu-
trophils and lymphocytes in the gingival fluid and exudate,
the presence of lymphocytes within the epithelial layer
[20,21]. An inflammatory process in chronic obstructive
pulmonary disease has also been found to be accompanied
by a significant production of interleukin 1 (IL-1). But dental
plaque accumulation is accompanied by antibody synthesis
to bacterial components and immune complexes formation
causing complement activation. Moreover, after 4-7 days,
a lymphoplasmacytic infiltrate is formed in the periodontal
tissues, which produces mediators to induce the proliferation
of lymphocytes. The proliferative response of lymphocytes
translates into infiltration predominantly of plasma cells and
macrophages. Further formation of a pathological pocket,
destruction of the alveolar bone process and the tooth
attachment apparatus is observed [1,17].

The development of dystrophic-inflammatory diseases
of the periodontium leads to a significant immune restruc-
turing of its tissues. In patients, antibodies are detected not
only to the microorganisms of periodontal pockets, but also
to their own pathologically changed tissues. An important
place is given to periodontopathogenic bacteria that induce
an increase in the level of pro-inflammatory cytokines with
subsequent destruction of the periodontal tissues. Most
often, these are Porphyromonas gingivalis, Prevotella
intermedia, Aggregatibacter actinomycetemcomitans. An
association between dental plaque (biofilm) effect and the
host immune response is important for the realization of
bacterial pathogenicity. It depends on the number and viru-
lence of periodontopathogenic microorganisms, resistance
factors of patients, their inmune status, etc. Inflammatory
reactions are initiated in tissues, the cells of which secrete
pro-inflammatory mediators, including prostaglandin E
(PGEi), IL-1, IL-6, matrix metalloproteinases, cytokines [22].

When studying local immunity, an increase in the
concentration of lysozyme, B-lysines, secretory IgA (sIgA),
serum IgA and IgG, total protein has been revealed in oral
and gingival fluids at the initial phases and at the 1st stage
of GP development. And as the severity and intensity of
destructive-inflammatory changes in the periodontium
increase, the levels of lysozyme and slgA decrease [20].
Adaptative mechanisms break down at severe degrees of
the disease, manifesting in the form of an inadequate regu-
lation of macrophage and lymphocyte number, a decrease in
the functional properties of neutrophils, inhibition of IgA and
slgA secretion processes at the local level, and a violation
of mechanisms for mobilizing IgG from the bloodstream
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[23]. In patients with GP, the content of epithelial cells and
leukocytes in oral and gingival fluids increases three times
compared to those in healthy people with a large percentage
of immature epithelial cells [16].

Modern studies have proven the role of cytokines in the
mechanisms of chronic inflammatory process development
in the periodontal tissues along with other concepts of
pathogenesis (“theory of bacterial plaque”, “theory of tissue
trophic disturbance”), that became common as the “cytokine
concept”. According to it, cytokines play a leading role in
the development of chronic inflammatory processes in the
periodontal tissues [24,25]. Proinflammatory cytokines not
only adversely affect periodontal tissues, but also cause
further activation of cytokine-producing cells, inhibit tissue
repair and activate osteoclasts, leading to increased alveolar
bone resorption [5,26,27].

Examinations of interleukin levels (IL-2, IL-6, IL-8) in
GP patients with different clinical course (conditionally “fa-
vorable” and conditionally “unfavorable”), as well as TNF-q,
IFN-y, IL-12 and IL-4, have revealed a direct correlation
between their levels and both clinical (inflammatory reaction
activity in the periodontal tissues) and laboratory parameters
in blood serum and oral fluid [9]. An increased IL-18 levels
have been detected in the oral fluid of GP patients only
during exacerbation, which may indicate the activation of
monocytes / macrophages and dendritic cells, as their main
source, in response to microbial aggression. The absence
of anti-inflammatory IL-10 leads to elevated cellular bone
resorption and reduced bone tissue formation [26].

Recent studies on the pathogenesis of periodontal di-
seases point to a number of changes in the body metabolic
status, in particular, protein and carbohydrate metabolism
[1,5,13,16]. Carbohydrates are involved in metabolic
processes in the oral cavity, where the conditions for their
assimilation by the microflora are almost ideal: constant
temperature (~37 °C), moisture, close to the neutral pH
value. Oral sucrose influences the composition of oral fluid
and oral cavity metabolism. After eating simple carbohy-
drates, a peculiar burst of metabolic processes occurs
due to microflora and dental plaque. Microorganisms very
actively use carbohydrates for their needs and accumulate
them as a reserve in the form of polysaccharide dextrans.
Activation of glycolysis causes the accumulation of lactic,
pyruvic and other acids in the oral cavity, the amount of
which increases 9-16 times in the next 20 minutes after
consuming carbohydrates, returning to the baseline level
by 60-90 minutes, which causes acidification of the oral
fluid.

Pyruvic acid (pyruvate) is one of the central interme-
diate metabolites of carbohydrate metabolism, formed in
the process of glucose oxidation and glycogen breakdown
in tissues, during lactic acid oxidation, and also as a result
of the transformation of some amino acids. The content of
pyruvic acid in human biological fluids is high, as it is in-
volved in both carbohydrate and protein metabolism. Lactic
acid, which is also a product of carbohydrate metabolism, is
formed in the body as a result of pyruvic acid reduction as
well as is the end product of glycolysis and glycogenolysis
in anaerobic conditions. An increase in its concentration is
observed in hypoxic conditions of the human body, including
cardiovascular and respiratory diseases, blood loss, severe
anemia, liver damage, acute purulent damage to tissues,
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renal failure, malignant neoplasms, diabetes, significant
physical exertion and convulsions, tetanus [27].

The enzyme lactate dehydrogenase (LDH) s a cytosolic
enzyme found in all cells of the body, mainly in skeletal
muscles, liver, skin, mucous membranes, as well as cells
of some malignant tumors. In gingival biopsies from GP
patients, the activity of some glycolytic and respiratory
enzymes was studied, demonstrating the prevalence of
tissue respiratory enzymes over glycolytic ones in clinically
healthy periodontal tissues, and in the case of GP, prevail-
ing glycolytic enzymes reduced the activity and disrupted
the barrier function of gingival epithelial cells, resulting in
epithelial attachment violation and the development of perio-
dontal pockets. Glycogen accumulation of in the periodontal
tissues indicates abnormalities in glucose metabolism due to
chronic inflammation. Metabolic acidosis and a decreased
pH are responsible for a decrease in the intensity of car-
bohydrate oxidation. An increased LDH activity in the oral
fluid and neutrophil granulocytes is explained by the fact
that its main source is oral microorganisms, the number of
which is increased in GP patients [17,28].

An increased LDH activity in the oral fluid may indicate
the activation of anaerobic carbohydrate metabolism in
periodontal tissue inflammation, the products of which
(particularly the lactate) cause microcirculatory disorders
with an increased permeability of periodontal vessels for
high molecular weight substances. It has been proven
that an increase in LGH activity inevitably led to acid-base
imbalances, causing a decreased pH of the intracellular
environment, and directly affecting other enzyme activities.
An increased LDH activity indicates preconditions for an
imbalance of carbohydrate metabolism at the cellular level
in GP. Therefore, with periodontal dystrophic-inflammatory
diseases, certain parameters of carbohydrate metabolism
are changed, since hypoxia always develops in this di-
sease, and it is known that any form of hypoxia leads to an
increased levels of lactic acid [29].

Conclusions

1. Despite a considerable number of works focused
on the study on the pathogenesis of periodontal diseases,
mechanisms promoting the development of dystrophic-in-
flammatory changes in the periodontal tissues have not
been fully studied.

2. The analysis of literary sources allows us to conclude
that the progression of these processes depends not only on
the development of local periodontal inflammation caused
by the dental plaque microflora, but also it is a reaction
to the influence of systemic factors that lead to profound
changes in the body internal environment and, as a result,
to structural damage of the periodontal tissues.

3. The results obtained do not allow the authors to
clearly assess the nature of these relationships and require
further in-depth studies. More detailed analyses of the
pathogenetic mechanisms will allow developing optimal
complex treatment and providing effective prevention of
dystrophic-inflammatory periodontal diseases.
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CxaapHui peHoTUn cuHApoMY TypeTTa y AeCATUPIYHOIO XAONLSA

(KAIHIYHMK BUNAAOK)
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A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEpPAXEHHS CTaTTI

Merta po6oTu - npuBEpHYTW yBary 40 CUMNTOMIB, MOB'A3aHMX i3 cuHapomom Typertta (CT), i gocnignTy ix B3aEMO3B'130K i3 Cy-
MyTHIMW 3aXBOPIOBAHHSIMM.

Marepianu i meTopm. 3aificHunu ornsa HayKoBOI NiTepaTypy LLOAO CMHAPOMY TypeTTa, NOLLYK BUKOHAMM 33 KIIO4OBUMM CroBa-
MU: «TUKU», «CMHAPOM TypeTTan, «TypeTToBWUiA 0BCECBHO-KOMNYMLCUBHWIA PO3nagy, «06CeCHBHO-KOMMYMbCUBHUIA PO3nagy,
«CMHAPOM AediumTy yBaru 3 rinepakTuBHICTION. Mowwyk 3aincHuny, Bukopuctaswi PubMed, MEDLINE, EMBASE. Bepyun go
yBaru BOCRimKeHHs, 3aificHeHi 3a ocTaHHi 10 pokis, NnpoaHanisyBanu pedepatv 275 ctatei. INybnikauii 4o aHanisy obupanu 3a
KpuTepiem 6rm3bkoCTi 4O TeMM JocnimkeHHs. [leTanbHo npoaHanisyBany peaynsratv JOChigKeHb, WO HaBeaeHi B 49 cTaTTax.

Onuc KniHIYHOro BUMaAKy TypeTToBOro 06CECMBHO-KOMMYMECUBHOTO PO3nafy IPYHTYETbCA Ha AaHWX i3 NEePBUHHOI MEANYHOI
[OKymMeHTaUii navieHTa. baTbkv XBOPOro Haganu NMcbMOoBY iHOPMOBAHY 3rofly Ha y4acTb.

Pesynbratu. Mowwpericts CT focuTs BapiabenbHa, 3anexuTs Bif enigemionoriYHux METoAiB AOCMIMKEHHS Ta CTAHOBUTb Y CBITi
Bi 0,3 % 10 1,0 %. Bpaxosytoun meToonoriyHi 0omMexeHHs BinbLLOCTi AOCTigXeHb, CNPaBXHil piBeHb NOLUMPEHOCTI MoXe ByTn
y 10 pasiB Buwwmm. CT — nporpeaieHTHe 3aXBOPIOBaHHS, LLIO XapaKTepn3yeTbCs 3aKOHOMIPHOI eTanHiCTIo. PO3pIi3HAIOTL CUHAPOM
TypeTTa-nntoc, SKuit BKIoYae, kpim 6asncHoT cumnTomaTtuki, obcecrBHo-koMnynbevBHMiA posna (OKP), cuiapom aediunty
yBaru 3 rinepakTWBHICTIO i aBTOarpecuBHi Aiji. HUHI TpuBatoTh gocnimkerHs wopo etionorii CT. Tak, BUBYatoTb BNMB dhakTopiB
JOBKINAS, SIK-0T iHdekwis abo 3ananeHHs, nepuHaTanbHi YCKNagHEHHs! Ta XPOHIYHWIA NCUXOCOoLianbHWiA CTPEC Y AUTUHCTBI. Y
70-80 % Bunaakis CT € cnagkoBuMm, L0 pOOMTL MOT0 OAHMM i3 HalBINbLL CNagKoBUX HEMPONCUXIYHIX PO3naAiB, WO BUHUKAOTL
Y BUTWHCTBI. 3aCTOCOBAHO Pi3Hi MigXoay 40 OLiHIOBaHHS reHeTUYHOI apxiTekTypu CT, BKIHOYAK0UM LOCHImKEHHS reHiB-kaHanaa-
TiB, aHani3 cerperauii Ta 3B'A3KiB, LMTOreHeTUKY, BapiaHTu KinbkocTi konin (CNV), gocnimkeHHs pigkicHUX Bapiauii, BUBYEHHS
3aranbHoreHoMHux acouiauin (GWAS) i cekseHyBaHHst Linoro ek3oma (WES). [loci Hemae cnewjiansHoro nabopatopHoro abo
reHETUYHOro TecTy Ans giarHoctuku CT. dapmakonoriyHi MeToay nikyBaHHSA LOCTYMHI, ane 4acto HeedeKTUBHI; MOBEHKOBI Ta
XipyprivHi MeToaw NikyBaHHS — Ha eTani po3pobneHHs.

OnucaHo kniHiyHni Bunagok CT y xnonumka Bikom 10 pokis. [1ebtoT 3aXxBOpOBaHHS — Y 7-piuHOMY BiLli HA OOHI YaCTWX iHCHEKLi 3
nposiBiB LiedhanokayaanbHX MOTOPHWX TUKIB i KifIbKOX roNOCOBVX TYKIB (konponarnis, exonanist) 3 npuegHaHHsAM 06cecBHO-KOMMYb-
CMBHOI NoBegjHky (Mi3ochobis, koMnynbCyBHe 36MpaHHA LUKIPK, Camoyaapy, CaMOKyCaHHsl, KOMNynbCii NOBTOPeHHS). HaBeneHwit
KNiHIYHWI BUNAAOK BYKITMKAE HAYKOBWIA IHTEPEC B aCNeKTi AeLLO 3ani3Hinoi 4iarHOCTUKM TYpeTTOBOro 06CeCHBHO-KOMMYNLCUBHOMO
po3nagy, a TakoX CBifYMTb NPO HEOOXIAHICTb MPOJOBKEHHS NOLLYKY ePEKTUBHUX METOZIB AiarHOCTUKM Ta JliKyBaHHS.

BucHoBku. Bunagok komop6igHoro OKP i TMKOBOro po3naay — yHikanbHWA eHaodeHOTUN, WO NOeaHYE ekcTepHani3oBaHi pos-
ranbmoBaHi pyxv CT napanenbHo 3 iHTepHanizoBaHum guctpecom, wo Haragye OKP. Lii ocobnmsocTi HeobxigHo BpaxoByBaTh
KniHiLumcTam nig vyac BU3HaYEHHs METOLB NiKyBaHHS.
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cuHApoM TypetTa,
obcecuBHO-
KOMMYAbCHBHW
po3nap, KAHIUHUI
BUMAAOK.
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Complex phenotype of Tourette syndrome in a ten-year-old boy (a clinical case)

T. V. Sorokman, N. Ya. Chernei, I. S. Sokolnyk, V. H. Ostapchuk

Aim. The aim of the work is to draw attention to the symptoms associated with Tourette syndrome and to examine the association
with comorbid diseases.

Materials and methods. A review of the scientific literature on Tourette syndrome (TS) was conducted using the following keywords:
“tics”, “Tourette syndrome”, “Tourette obsessive-compulsive disorder, TOCD’, “obsessive-compulsive disorder, OCD”, “attention
deficit hyperactivity disorder, ADHD” using PubMed, MEDLINE, EMBASE as search engines. Taking into account studies conduct-
ed in the last 10 years, the abstracts of 275 articles were analyzed. Articles were selected for the study based on the criterion of
their close relevance to the topic. The study results covered in 49 articles were examined in more detail. A description of a TOCD
clinical case was prepared from primary medical documentation with parental informed consent.

Results. The prevalence of TS is quite variable, depends on epidemiological research methods and ranges from 0.3 % to 1.0 %
worldwide. Given the methodological limitations of most studies, the actual prevalence may be 10 times higher. TS is a progres-
sive disease and is characterized by regular stages. Tourette syndrome-plus is distinguished, including autoaggressive actions
besides the basic symptoms of OCD and ADHD. The etiology of TS is still being studied. In particular, the impact of environmental
factors is considered: infection or inflammation, perinatal complications and chronic psychosocial stress in childhood. In 70-80 %
of cases, TS is a hereditary disorder, making it one of the most heritable childhood-onset neuropsychiatric diseases. Various
approaches have been applied to assess the genetic architecture of TS, including candidate gene studies, segregation analysis,
linkage analysis, cytogenetics, copy number variants (CNV), rare variation studies, genome-wide association studies (GWAS),
and whole exome sequencing (WES). Currently, there is no specific laboratory or genetic test for TS diagnosis. Pharmacological
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treatments are available but often ineffective; behavioral and surgical treatments are under development. The clinical case of TS
in a 10-year-old boy is described with an onset at the age of 7 years following frequent infections, manifested as cephalocau-
dal motor tics and several vocal tics (coprolalia, echolalia) with a progression to obsessive-compulsive behavior (mysophobia,
compulsive skin picking, self-hitting, self-biting, repetitive compulsions). The presented clinical case is of great interest from the
viewpoint of somewhat belated diagnosis of TOCD syndrome, as well as indicates the need to continue the search for effective

methods of diagnosis and treatment.

Conclusions. The case of comorbid OCD and tic disorder is a unique endophenotype combining externalized disinhibited TS
movements in parallel with internalized distress reminiscent of OCD. Clinicians should consider these features when choosing

treatment methods.

CuHapom TypeTTa — XpOHIYHWIA HEPBOBO-MCYXIYHNIA pO3nag,
LLIO BVHVIKAE B AUTUHCTBI, XapakTepr3yeTbCst MHOXUHHUMM
PYXOBMMW, FOMOCOBUMU TWKaMK Ta € OBTSKIMBUM i Ans
nauieHTiB, i Ans noctaqanbHUKIB MeguyHux nocnyr [1].

MeTa po6otu

lMpuBepHYTM yBary 4O CUMMTOMIB, MOB'A3aHUX i3 CUHAPO-
mom TypeTTa, i oCTianTY iX B3aEMO3B'AI30K i3 CynyTHIMM
3aXBOPIOBAHHSAMMU.

Marepianu i MeToAH AOCAIAKEHHA

3pificHnM ornsaa HaykoBOI NiTepaTypu LWOAO CUHAPOMY
TypetTa (CT), nowuyk BUKOHANM 3a KIKOYOBUMM CIIOBaMU:
«TUKWU», «cuHapoM TypeTTay, «TypeTToBuii obcecus-
HO-KOMMYLCUBHUI po3naay, «06CeCUBHO-KOMMYMLCUBHUIA
posnagy», «CUHAPOM AediLnTy yBaru 3 rinepakTUBHICTION.
Mowyk 3aicHunu, Bukopuctaslum PubMed, MEDLINE,
EMBASE. Bepyuu fo yBaru JOCMiMKEHHS, 3AINCHEHI 3a
ocTaHHi 10 pokis, npoaHanisysanu pecepatt 275 craten.
My6nikavii 1o aHanisy obupanu 3a kpuTepiem 6rn3bkocTi 10
TeM JOCHimKeHHS!. [leTanbHo npoaHaniaysani pesynsratu
[oCHigKeHb, WO HaBedeHi B 49 cTaTTsx.

Onwmc kniriYHoro BMNaaKy TypPETTOBOTO 0GCECMBHO-KOM-
MynbCUBHOTO PO3nagy I'PYHTYETCS Ha AAHWX i3 NEPBUHHOT
MeOMYHOI JoKyMeHTaLii nauieHTa. batbku XBoporo Haganm
MCbMOBY iHOPMOBaHY 3roly Ha y4acTb.

Pe3yAbTati

MowmpeHicte CT gocuTh BapiabenbHa, 3anexuTsb Big eni-
ZeMionoriyHuX METOZIB AOCTimKEHHS. 3a AaHUMM HAyKOBOI
niTepaTypu, NMOLWMPEHICTb Yy CBITi cTaHOBKTb Big 0,3 % 10
1,0 % [2]. EnigemionoriuHi gocnimkeHHs, aaincHeni B CLUA,
nokasanu, Wwo y 20 % AiTel BUSBNSIOTb TUKA Y AUTUHCTBI.
3a Halkpalummn ouiHkamu, nowmpeHicte CT cTaHOBUTbL
4-8 Bunaakis Ha 1000 giten [3,4]. Mowwpenicte CT cepen
aiten i nignitkiB y Kutai ctanosuna 0,4 % [5], y MNisaen-
Hin Kopei cepepHs piyHa nowmpenicte CT cTaHoBuna
2,3-2,8 Bunagky Ha 1000 HaceneHHs [6]. CuctemaTuyHuii
ornsaa 21 nonynAuiHoro AOCMIMKEHHs AiTen BIKOM Bif,
4 no 18 pokiB nokasas nowwmpenictb CT Ha pieHi 0,52 %
(95 % posipumi iHtepean [[1] 0,32-0,85). Btim, B okpemux
NPECTMXHNUX OOCMIIKEHHSX MOKa3aHo, L0 MOLIMPEHICTb
moxe Byt y 10 pasis BuLoto [7,8]. Kpim Toro, Big 1 % po
3 % piTeit i nignitkie MoXyTb MaTu GinbLu nerky abo He-
ineHTudikoBaHy chopmy natonorii [9]. Ha npakTuui coniHHs
HOCOM, TUKM NPU KaLLmi iHKOMM MOMWIIKOBO [iarHOCTYHTh
K aneprito, cuHycuT abo iHLWi npobnemu, NoB'A3aHi 3 an-
XanbHAMM LWNsSXamMu. TUKM MOpraHHsi ouMma NoMUIKOBO
ineHTUiKyI0Tb SIK ocpTanbMonoriyHy npobnemy.
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OcTaHHiMK pokamu Bigbynucs 3MiHN Y BU3HAYEHHSIX
TukoBux posnagis. Kputepiem giarHoctuku CT y DSM-IV-
TR [10] BM3HaYeHO TpMBAnICTb TUKIB HE MEHLLE HiX OAMH
piK, 3a BUHATKOM Byab-koro nepiofy 6es TukiB TpUBanicTo
Tpu i binbLue micsauis. OaHak Len KpuTepii (Mpo Tpu MicsL)
BUMYYEHO B [1iarHOCTUYHOMY | CTaTUCTU4YHOMY NOCIOHMKY 3
NCUXiYHUX po3nagis m'sToro BuaaHHsa (DSM-V-TR) [11]. B
MKX-10 ans sepudikauji CT HaBegeHo Taki KpuTepii, Sk
«MHOXVHHI MOTOPHI TUKW» N OAWH YK BinbLue roIoCoBMX.
Brim, BKa3iBKy Ha HasiBHICTb GirlbLLe HiXk OAHOTO MOTOPHOTO
TUKY BUnyveHo B MKX-11.

B ogHodakTopHOMY MeTaperpeciiiHoMy aHaniai («Py-
X0Bi po3naau: odiLiiHUIA XxypHan ToBapucTBa PyXoBUX
po3nagis») poamip B1bipku gocnimkenHs (p = 0,002) i gata
pocnimkernHs (p = 0,03) 6ynun 3HavyLyMn NpeavkTopamu
nowwmpenocTi CT [12]. B octaTouHii 6aratohakTopHii Mo-
Jeni, BKIoYatoun poamip BUBIpKM, AaTy AOCTIMKEHHS, Bik
i fjiarHoCTWyYHI kpuTepii, Nuwe poamip Bubipky (p < 0,001)
Ta AiarHoCTUYHI KpuTepii (3aransHuii p = 0,003), 3okpema
3a DSM-IV-TR (p = 0,005), 6ynn HesanexHo noB'a3aHi 3
Bapiauismu nowwpeHocti CT y nonynsuii. Bpaxosytouu
METO0MOriYHI 0BMEXEHHS BiNbLIOCTi 4OCHIMKEHb, NOLLIN-
peHictb CT, iMOBipHO, HacnpaBgi Ginblia. Y MeTaaHanisi
MOLUMPEHICTb TPAH3UTOPHOTO TUKOBOMO po3napy (Tenep
BW3HAYaK0Th 5K TMMYACOBWIA TUKOBWUI PO3nag, TWKW NpoTS-
roM nepiofly MeHLUe Hix 1 pik), XPOHIYHWNX BOKamNbHNX TUKIB
(GboHiuHi TUKV TpyBanicTio noHag 1 pik, ane 6e3 MOTOpHMX
TUKIB), XPOHIYHUX MOTOPHUX TVKIB (MOTOPHI TVKU TPUBANICTIO
6inbLue Hix pik, ane 6e3 3ByKOBUX TVKIB) | TUKOBOTO poanazy,
LLIO HE YTOYHEHWI IHLLIMM YMHOM (TWKM, LLIO He BiAMNOBIAaTh
KpWUTEPISIM IHLLMX TUKOBWX PO3NaAiB), OLHIOBANM Ha PiBHI
3,0 %, 0,7 %, 1,7 % 0,8 % signosizgHo [13].

CT - nporpegieHTHe 3aXBOPOBaHHS, LLO XapaKTepu-
3yeTbCs 3aKOHOMIpHO eTanHicTio. Bik novyatky CT — Big
2 0o 20 pokis, HaiyacTiLLe NaTonoris KMiHiYHO CTapTye y
7 pOKiB i3 CUMNTOMIB CUHAPOMY AedilunTy yBaru 3 rinepak-
TusHicTio (COYT), Do 7 pokiB 3'ABNSHOTHCSA NPOCTi MOTOPHi
nuuesi Tukn. Y nepiog Big 8 go 10 pokiB TUKM noLwmpio-
l0TbCS B KayAanbHOMY HanpsiMi 3 NOSIBOK Bokanisauii. Y
BiLli 9-12 pokiB rinepkiHETUYHI po3naan YCKNagHoTLCS,
3'ABMNAETLCA CEHCOPHUI KOMMOHEHT, ane Aitu Le 3aaTHi
CTpuMyBaTVt TkW. CUMNTOMM TUKIB, K MPaBUNO, 3MiHI0-
I0TbCS 32 TSHKKICTIO Ta YaCcTOTOH), 3 MOESHAHHAM CTapuX i
HOBWX TUKIB, MOXYTb MOCUTIOBATUCS YEPES NCUXOMOriYHE
abo isnyHe HanpyxeHHs (Hanpuknag, Yepes TPUBOry
abo BTOMY) Ta 3MiHW B HaBKOMWLIHBOMY CEPEAOBMULL.
[ani BuHukatoTb obcecii Ta komnynbcii. KOHaubkui Bik
ACOLKETHLCA 3 MOXMMBICTIO CMOHTAHHOI peMicii. Y TpeTuHu
naLieHTiB TUKO3Ha CUMNTOMAaTWKa CTae MEHLL BUPA3HOI0,
nposisu COYT perpecytotb abo TpaHchopMyroTbCS. [HLLi
MOBEAIHKOBI MOpYLIEHHS 30epiralTbcs Ta MOXYTb Npo-
rpecysatu. [ins BU3HAYEHHS TAXKKOCTI TUKIB pO3pobneHo
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Tabauus 1. TukosHi poanagm 3a MKX-10 i DSM-V

MKX-10 (F 95-98) DSM-V (307)

i | Poaran N

F95.0 TpaH3UTOPHWUA TUKO3HWIA po3nag 307.21 TpaH3UTOPHWA TUKO3HWIA po3nag

F95.1 XPOHIYHWIA PyXOBIIA Y rONOCOBUI TUKO3HMIA Po3na 307.22 XPOHI4HWI PyXOBIIA Y1 rONOCOBUIA TUKO3HMIA po3nag

F95.2 KomBiHOBaHMIt BOKamnbHWA | MHOXUHHWIA pyx0BUiA TUKO3HWIA posnag (CT) 307.23 KomBiHOBaHMIA BOKamnbHWUA | MHOXUHHWIA PyXOBUiA TUKO3HWIA po3nag
(CT)

F95.8 IHLi TKO3HI po3naan 307.20 Not Otherwise Specified (NOS)

F95.9 HeBuaHayeHi - -

€nbCbKy LLKany ouiHioBaHHS TUko3HUX nposiBiB (YGTSS),
nepernsHyTo €nbebkuii cnncok cumntomis CT (TSSL-R)
Ta LWkany ouiHioBaHHs TaxkocTi CT (TSSS) [14,15,16].
3a3Haunmo, Lo y Garatbox AiTen MoXyTb hopMyBaTUCS
crneuudiyHi BiA4yTTS — NPOBICHWKW, LLO NEPEAYoTh TUKO3-
HUM Hanagam i ceigyaTb Npo iX BUHWKHEHHS HAWBNMK4YUm
4acom.

MoTopHi TUKv BapitoloTb Bif NPOCTWX pyXiB A0 CKnaj-
HUX, Yy TOMY Ynchi 3 iMiTauieto pyxiB iHLWKX niogeit (exo-
npakcis), HEMPUCTONHUMU XecTamu (Konponpakcis) Ta
CaMOYLLKO[pKYBarbHOK NOBEAHKOK. 3BYKOBI TUKU TaKOX
MOXYTb ByTN NPOCTAMM Ta CKITAAHUMM; B OKPEMUX BUNAA-
Kax BU3HAYaKTb BUTYKYBaHHS HELieH3ypHIX abo arpecyis-
HWX CniB (konpornanist), NOBTOPEHHS! paHiLLe cka3aHux cnis
(naninanis i exonanis).

Tukn MoxHa fani knacudikyati sK KMoHiYHi (piski,
KOPOTKI MOCMVKYBasbHi pyXu), TOHiYHI (i30METpUYHI CKo-
poyeHHs1) a0 AMCTOHIYHI (CTilki aHoManbHi pyxu). Okpemi
aBTOPU PO3PI3HSAOTb GIIOKYBAIbHI THKW, 30KpEMA TUMYACOBI
nepepvBaHHs NOTOYHOT PyXOBOT AiSiNbHOCTI 800 MOBNEHHS
©6e3 BTpaTK cBigomocTi. Knacudikalist TUKo3HWX posnagis
BiANOBIAHO A0 AiarHoCcTUYHMX kaTeropin MKX-10 Ta DSM-V
HaBezeHa y mabnuyi 1[17,18,19].

CT, kpiM OCHOBHOTO CUMMTOMY — TUKIB, MOX€ MOEAHY-
BaTUCA 3 iHWMMM KOMOPOIAHUMU po3nagamu ncyxikv Ta
noBegjHKY. ToMy PO3pi3HALOTb FNEPKIHETUYHWIA, TPUBOXHMIA
(reHepanisoBaHWi, cenapaLliiHuii 3yMOBREHWI Po3nagoMm
apanTauii), 06CecMBHO-KOMMYNbCUBHUIA, JENPECUBHMIA
posnagw.

Kpim Tpaguuintoi ¢opmu CT, po3pisHs0Tb MOro
reTeporeHHi BapiaHTtu, ki y 1998 poui knacudikysanu
6putaHcbki BYeHi Mankn PobeptcoH i CaimoH Ba-
pox-Koen [20]. logaTkoBo ONMCaHo MOBHY (PO3rOPHYTY)
popmy cUHOPOMY 3 HAsIBHICTIO TUKIB, KOMpO-, exonanii Ta
nani)eHOMEHIB, a TakoX CUMHApPOM TypeTTa-noc, kv
BKMoYae, kpim 6asucHoi cumntomatvku, OKP, COYT i
aBTOArPeCcuBHi fji.

JocnigxeHHs wopo etionorii CT TpuBatoTb. Tak,
BMBYAtOTb BNMB haKkTopiB AOBKINNs: iHdekuii abo 3ana-
neHHs [21], nepuHaTanbHUX ycknaaHeHb [22] Ta XpoHIYHOro
ncuxocouianbHOro CTpecy B AUTUHCTBI [23]. Yumanui
HayKOBUIA iHTEPEC BUKIVKAE BUBYEHHS POIi 3ananeHHs B
natodisionorii Tkis. ABTOpY OrnIsAY LWOAO iMYHOMOMYHNX
MexaHi3MiB y natodisionorii TMKOBUX po3nagiB CTBEPIXY-
10Tb, L0 BPOMKEHI 11 afdanTuBHi CUCTEMHI IMYHHI LINSXM
Ta HeliposananbHi MexaHi3mu BigirpatoTb BaXIMBY pofib
y naToreHesi npuHanMMHi aeskux nauieHtiB i3 CT [24].
lMocTyntoBanu Takox, LLO rineppeakTyBHI CUCTEMHI IMYHHI
LUMSIXM Ta HeMpo3ananeHHs MOXyTb JOMOMOITY NOSICHUTM
MPUPOAHI KONMWBAHHA CUMMTOMIB TWKOBOTO po3najy 3 Ya-
COM. AK NpuKraz HacriaKiB iHGeKLin nokasaHo, Lo CUMMATO-
M i TUKy, 11 OKP iHogi nocuntoroTbes y 38°513Ky 3 iHdekLieto
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SARS-CoV-2. BeaxatoTb, L0 Lie 30iMbLLEHHS MOB’'S13aHe He
TiNbKY 3 BNacHe iHEKLiNHM areHToM, ane 1 3 NiaBULLEHNM
€KOMOTYHNM CTPECOM Y 3B’AA3KY 3 KAPAHTUHOM i BMIIMBOM
covjianbHyX NPOTOKONIB, L0 MOXYTb 3a0X04yBaTh NpUMy-
coBi Iii (NpubupaHHs, nepesipka Ta MUTTA pyk) [25,26].
Busyanu 38’30k CT 3i CTPenTOKOKOBO iHAbeKLiet [27].
Pe3ynbraty €Bponeiicbkoro 6aratoLEeHTPOBOMO AOCTIDKEH-
Ha TukiB y aitent (EMTICS) y 16 eBponelicbkux LeHTpax He
nigTeepanny 38'a30k CT i CTPenToKOKOBOI iHApeKLi [28].

Y 70-80 % sunagkis CT € cnagkoBuM, Lo pobuTs oro
O[HMM i3 HaNOINbLL CIaKOBKX HEMPOMCUXIYHIX PO3naaiB,
LU0 BMHMKAIOTb Y AUTWUHCTBI. 3aCTOCOBAHO Pi3Hi nigxoam
[0 OLiHIOBaHHS reHeTnyHoi apxitektypu CT, BKntodaoun
[OCNiIXeHHs reHiB-kaHauaaTie, aHani3 cerperadii Ta
3B’A3KIB, LIUTOreHeTuKy, BapiaHTu KinbkocTi koniit (CNV),
LOCNIZXEeHHs pigKiCHUX Bapiauiit, 3aranbHOrEHOMHMX
acoujauiit (GWAS) i cekBeHyBaHHs Linoro ek3oma (WES)
(puc. 1) [29].

MixXHapoAHMI KOHCOPLIYM FeHETUKM 3 acoujiauii CyH-
apomy TypetTa (TSAICG) Ta iHLLi BOCTIigXXyBanm PisHi reHn
CNPUNHATAMBOCTI AOdaMiHEPriYHNX, CEPOTOHIHEPTIHHNX i
rryTamartepriYHmx LASXIB, SIK-OT peLenTopy Ta TpaHcnop-
Tepn DRD2, DAT1 (SLC6A3), HTR2A Ta EAAT1; nisHiwwe
3pivicHtoBann GWAS- i CNV-gocnipxerHst [30]. Kinbka
reHiB-kanguaarie CT 6yno ineHTudikoBaHo, ane He nig-
TBEPKEHO. IMOBIpHO, Lie MOB'A3aHO 3 ManuM pPo3MipoM
BUGIPKY KOKHOTO AOCTIIKEHHS Ta FeHETUYHO, (heHOTUMO-
BOO reTeporeHHicTio [31]. Y pesynbrari 3aranbHOreHOMHOro
JOCTiIXeHHs KoHcopuiymy Brainstorm ineHTudikysanu
TPU BaXIMBI HABOPU reHiB, LLO BKIHOYAKOTb Nepeaady cur-
HaniB niraH4-kepoBaHWX IOHHMX KaHanis, nimdgoumnTapHy
Ta KNiTUHHY aaresito, TpaHCCUHANTUYHI MpoLiecyu nepeaavi
curHanis [32].

KniHiuni kputepii CT 3a DSM-V BkntoyatoTb:

— MHOXWHHI MOTOPHI TUKM /A oguH abo Binblue rono-
COBWX TWKIB MPOTArOM MEBHOrO Mepioay XBOpoby, xo4a He
000B’AA3KOBO 0[IHOYACHO;

— TUKW MOXYTb HapoCTaT i cnabLiati 3a 4acToTow,
ane 3bepiraroTbes GinbLue HixX pik 3 Yacy NepLIOTo enisoay;

— noyaTok y BiLli go 18 pokis;

— MOpYLUEHHS He NoB’A3aHe 3 (i3ionoriYHUM BNIMBOM
PEYOBMHU Y iHLLIMM 32XBOPHOBAHHSIM.

[oci Hemae cneuianbHoro nabopaTtopHoro abo re-
HeTnyHoro Tecty and giarHoctuku CT. Oani MPT a6o KT
TONMOBHOTO MO3KY 3a3BW4ail HopMarnbHi. Pesynstarti pyHK-
LioHanbHOI MarHiTHo-pe3oHaHcHoi Tomorpadii (pMPT)
nauieHTis i3 CT nokasanu, L0 JoAaTKoBa pyxoBa 30Ha
nepepae nigroToBYi curHanu, NoB’'si3aHi 3 Tukamu, 4o nep-
BWHHOI MOTOPHOI 30HM Ta iHLUMX KOPTUKamNbHWX AiMNSHOK,
SIKi MOB'SA3aHi 3 MOHITOPUHIOM AjiA; MICAS LbOrO aKTUBaLlist
KOpTUKO-Ba3anbHUX raHmii NPU3BOAUTL 4O BUHUKHEHHS
TukiB [33]. He3Baxatoun Ha METOAOIOrNHHY HEOAHOPIAHICTb,
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Puc. 1. MNigxoau Ao ouiHtoBaHHs reHeTyHoi apxitektypu CT [29]. 3TA: 3aranbHoreHoMHi acouliaii.

CTPYKTYpHI gocnimkeHHs MPT BusSBURM aHaTOMIYHI Map-
kepw pisHux cybdeHoTuni cnektpa CT. 3ayBaxumo, LU0
Ui pe3ynbTaTyi oAepkKani LUMSIXOM HayKOBOrO PETENbHOro
BUMIPIOBaHHS, | METOAMKM 3an1LIaloTLCS HEAOCTYMHUMMU Y
KNiHIYHIN npakTuuj.

[ocnimkeHHs TUMy «BUNAZOoK — KOHTPOIbY 3 BUKOPUC-
TaHHsSM enekTpoeHuedanorpamm (EE) y cTaHi cnokoto B
nauieHTiB i3 CT BUSIBUNO 03HAKM 3HIKEHHS NOBOBO-CKPO-
HEBO-MOTUMMNYHO-TIM'HOT 3B'A3HOCTI Ta AMCHYHKLIOHANbHY
Mepexy BHyTPILLHBbOrO anbHLOro 38’3Ky MiX T060BOI0 Ta
CKPOHEBO-NOTUIAMYHO-TIM'AHOK YacTkamu. Lli napametpm
BW3Ha4MnW K NoTeHLinHI biomapkepn ans CT [34].

OndpeperuitoBatn CT HeOBXigHO 3 iHLLMMWM TUKONOAI6-
HUMW rinepkiHe3amm Ta GrM3bKUMU 0 HUX CTaHaMK, SIK-0T
rinepeknnexcii, 3BUYHI MaHinynsuii, ctepeoTunii, MaHipHi
pyxu Ta chokanbHi gucToHii. HeobxigHo nam’'sTatw, wWwo
TUKM MOXYTb MaTW CTPYKTYPHWUA XapakTep ik pesynsrat
4epernHo-MO3KOBOI TPaBMM, OTPYEHHS! OKICOM BYTMELo,
pidLue — nepeHeceHoro eHuedanity Ta Manoi Xoper.

Y 2011 pouj €Bponeiicbke TOBAapUCTBO 3 BUBHEHHSI CT
(ESSTS) onybnikysano nepLui eBponeiicbki pekomeHaaLii
wono CT, Wwo FpyHTYITLCA Ha YMHHWX peKOMeHAaLisX,
[@aHnX MeTaaHanisie, ornspis, KniHiYHUX BUMPOOYyBaHb i
TeMaTU4HUX JocnimkeHb [35]. ®apmakonoriyHi MeToan
NiKyBaHHS JOCTYMHI, ane 4YacTo He edekTuBHi. NoBeaiH-
KOBIi Ta XipypriyHi MeToaM MiKyBaHHS € NEPCneKTUBHUMM,
3HAXOAATbCA Ha eTani po3pobneHHs. Y nepiaTpuyHin
MpaKTULi Po3noYnHaTh hapmakotepanito NoTpibHO nuue
npy peanbHil fesaganTauii nauieHTa, ockinbky HinbLUiCTb
TaK1X BUNagKiB MaKTb TPAH3UTOPHWUI xapakTep. [Nepeary
BapTO BiAAaBaTV MOHOTEpanii MiHiManbHUMM J03aMu TaKX
HeVponenTyKiB, Sk ranonepuaon, gnyheHasmH, NiMosna,
pucnepuaoH, cynbripua, Tianpua 1 apuninpason, Sk 0co-
6n1Bo ecpekTUBHUI Y pasi noeaHaHHs COYT, NncuxoTyHMX
po3nagis i TWKiB.
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KAiHiuHMIY BUNapoK

Xnonuuk Bikom 10 pokie. 3 aHaMHe3y BigOMO: ANTWHA Bif
NEPLLOI BariTHOCTi; MaTepi Ha Yac HAPOLKEHHS AUTUHU
6yno 25 pokis, 6aTbKOBi — 26 POKiB, XPOHIYHMX 3aXBOPIO-
BaHb He MatoTb. BariTHicTb, 3i cnie MaTepi, nepebirana 6e3
ocobnveocTeit. Marip nig yac BariTHocTi kypuna. Maca Tina
OWTVHW NPW HApOMKeHHi ctaHoBuna 2750 r, AOBXMHA —
48 cm; oLiHka 3a Wwkanoto Anrap — 6/8 6anis. Ha rpygHomy
BWroA0BYBaHHi AuTMHA nepebysana [o 1 poky. Xnonewp
nepebyBaB Ha oOniky B negiatpa SK AWTWHA, LIO 4acTo
Ta TpMBarno xeopie. Y Billi 5 pokiB — aAeHOEKTOMIs; YacTo
XBOPIB Ha TOH3WModapuHriTh. Y 6 pokiB xnoneub novas
BifBigyBaTH LLKONY.

Y 7-piyHomy BiLli naLieHT Big4yBaB NOCKIT, CBEPONAYKY
abo nokorntoBaHHS AiNsHKax pisH1X M'A30BYX rpy, cnoYaTky
3'ABUMNCS 3HU3YBaAHHS Nie4MMa, NOTiM JOJanMes rpumacit
Ta NOCMWKyBaHHS LUME0. BaTbkn He 3BepTanu yBary Ha
3MiHW NOBEdHKU AUTUHM Ta MOSICHIOBANW Lie TUM, WO Y
Krnaci, B IKOMy HaB4aBCS XMOMYMK, YYHi KOMitOKTb OAMH
opHoro. 3rogom 3'sBunMCS GinbLL CKMagHi MOTOPHI TUKK:
LIMOKaHHs1 rybamm, noTupaHHs 06nmnyysi, NocTyKyBaHHs Mo
Tiny, NNeckaHHs No rornoBi Ta TynoTiHHA. BaTbku 3BepHynu-
€5 N0 MeanyHy Jonomory. BcTaHoBneHo AiarHos: HeBpo3
HaB'a3nMBKX cTaHiB. OgHak NpusHayeHe nikyBaHHA He
NOKPALLUMIIO CTaH AWUTWUHK, HaBnakW, AOAAN0CS MOKaLLmHo-
BaHHs1, Oyp4aHHs, 3rofoM — BUMOBSIHHS HEMPUCTOMHOCTENA.
OnOHOKNACHWKM NoYanm CTOPOHUTICS XIONYKKa, NOTIM Ha-
cmixatucs, a 6aTbku AiTel-0qHOKMNACHUKIB 3BEpHYNUCS 0
BYMTENbBKM 3 BUMOTOKO BUIYUYEHHS AUTUHM 3 knacy. PoauHa
LIe CTIPMIAHSANA 5K 3HYLLIAHHS Ta AUCKPUMIHALLiO LLOAO iXHBOT
AWUTUHW, XTI0NeLb NepeBefeHNiA B iHLLY LLKOMY.

CraH navujeHTa noripLuyBaBcs, 3'IBUBCS CKperiT 3ybamu,
Lo 6aTbky BU3HAYMNM SIK NPOSIB renbMiHTo3y. Matip camo-
CTiHO niKyBana xnomn4uka npoTUrenbMiHTHAMM 3acobamm
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(4 xypcu), ane cTaH Tinbku noripLuysascs. [loganucs Kom-
MyrnbCuBHE 30MpaHHS LUKIpK, CaMOyAapy, CaMOKYCaHHS,
KOMMynbCii NOBTOPEHHS (YMTaB OKpeMi ab3aun TekcTy
MOBTOPHO NOCNINb NO Kinbka pasiB), CTpax 3abpyaHUTUCS
(mocTiiHe MUTTS PYK).

[MoBTOPHO A0 NediaTpa 3BepHyNCS, Koru xronLo Gyrno
10 pokiB. 3aicHUIM 06CTEXEHHS: 3aranbHuUI aHani3 KPoBi,
ceyi — 6e3 naTonoriyHmnx 3MmiH; bioxiMiyHe JoCHioKEHHS
KpoBi, 3achikcoBaHO NiABMLLEHHS TpaHcamiHas y 1,5 pasa,
Tutpy ACIO - 2,2 pa3a, CPB - B 1,7 pa3a; ropMoHarnbHe
pocnigxenHs (OCT, JIT, TTT, TecTocTepoH) — 6e3 BigxuneHb
Big Hopmu; EET, EKT — 6e3 BigxvneHs Big Hopmu. KoHCynb-
TOBaHW B Aepmartornora, HeBpomora, OTONTapUHIonora,
odhTanbmonora.

Hanpaenenuin y HauioHanbHy cneuianisoBaHy au-
Ta4y nikapHio MO3 Ykpaibn «Oxmatguty». 3aincHunm
[0[aTKoBE KOHCYNbTYBaHHS Ta obcTexenHs (EET, MPT).
BcTaHoBneHo fiarHo3: AuTaYuii ayToiMyHHUA HepBO-
BO-NCUXIYHUI po3nag, NOB'sI3aHWIA 3i CTPENTOKOKOBO
iHpexuieto (PANDAS) (?) Cungpom TypetTa (?). Hagani
3a pesynbTaTamu KOHCYnbTaLii cneuianictis (ncuxiatp,
MCMXOIION, IMYHOMNOT, reHeTUYHe JOCTIMKEeHHS — iHBEPCis
reHa SLITRK1 Ha 13g31.1) Ta 06CTEXeEHHS, BKMHOYaoum |H-
[Jekc aiarHocTnyHoi BnesHeHocTi (Diagnostic Confi dence
Index), BcTaHOBNEHO AjiarHo3: 06CECUBHO-KOMMYLCUBHUIA
posnag; cuHapom TypeTTa.

PekomeHgoBaHO noeTanHy hapMakonoriyHy Ta no-
BeAiHKOBY Tepanito Mif CMOCTEPEXEHHSAM HEBPOMaTonora,
ncuxiatpa Ta ncuxonora. Pe3yneratiB nikyBaHHs Ta byab-
AKoi iHdpopmaLlii Woao cTaHy nauieHTa Hemae, OCKiNbku
CiM'st 3HaXOAMTLCA 3a Mexamu YKpaiHu.

MigTBepIKeHHsIM BCTAHOBIEHOTO AjjiarHo3y € aHaMHec-
TUYHI AaHi (KypiHHS MaTepi nifg Yac BariTHOCT, cTaThb (Y0noBi-
ya), Bik noyatky (7 pokiB), YacTi rocTpi pecnipaTopHi BipycHi
Ta iHLi iHgeKLiT), HasBHICTb MOTOPHUX THKIB, LLO TOMOrpa-
@iyHo € LiechbanokayaanbHUMKU, a TaKOX KifTbKOX rOIOCOBUX
TUKiB (konponanis, exonanis), 06CecMBHO-KOMMYMNbCUBHA
nosefiHka (Misodobis, KOMNyNbCUBHE 30MPaHHS LLKipW,
camoyaapy, CaMoKyCaHHs!, KOMMYNbCii MOBTOPEHHS).

[locnipxeHHs nokasarno, Lo CTUrMaTmnaaLlisi, coliansbHa
[esafanTauis, colianbHa i3onsuisi, 3HyLLaHHs Ta AUCKpK-
MiHaLif YacTo BWKNWKaHi HENPaBWUIIbHUM CMPUAHATTAM
posnagy negaroramu i OfHOMITKaMMU.

06roBopeHHA

Tukosi posnaay, Bkmtodatoun CT, € HEPBOBO-NCHXIYHAMM
posnagamu, Lo YacTo € NMPUYMHOK 3BEPHEHHS A0 ne-
AjatpiB, AUTAYNX HEBPOIOFiB i AUTAYMX ncuxiaTpis [36].
MoXnmBrM NosicHeHHsIM BapiabenbHOCTI AaHWX LoAo
nowwupeHocTi CT € Te, WO 3HaYHa KINbKICTb NawjieHTiB i3
TUKaMW He 3BEPTalTLCA N0 MeauyHy gonomory abo He
YCBIOOMMIOKOTb, LIO Y HUX € TWKM, OCKINbKU BOHU € Nnefb
NOMITHUMM | He 3aBaXaloTb Y MOBCAKAEHHIN AisNbHOCTI.
Lle obrpyToBye AOUINBHICTb 3MiICHEHHST BENMKOrO MOmy-
nsLiiHoro 06cepBaLinHOro AOCHIMKEHHS, W06 OLiHWUTK
CNpaBxHHo nowwmpericts CT.

Mig yac naHgemii COVID-19 y kniHiky 3BepTanucs
6arato nigniTkie, y SIKUX PanToOBO BUHWKaNM CUMbHI TUKW
Ta TUKONOAIGHI pyxu. [leski BUNagkm MOXHa NOSICHUTY
MOCUITEHHSIM CTPECY, L0 3aroCTPHOE HasiBHiI TUKOBI po3nagu
B KOHTEKCTi NOLLMPEHNX CoLliarnbHIUX CTPECOBUX (DaKTOPIB,
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ane iHwWi Bunagky GinbLue Bianosiganu gyHKLioHarbHOMy
TukonoaibHomy po3nagy. MoaibHi pesynbrati oTpumanu i
iHLWi gocnigHvkw [37,38].

BeaxatoTb, o nopiBHAHO 3 CT pyHKUiOHaNbHI TUKM
XapaKTepu3yKTbCs BiACYTHICTIO nonepesxyBanbHUX no-
TArB | NPUAYLIEHHS, NEPEBAXHO TPaNMATLCS Y XKIHOK,
XapaKTepU3yTbCs HAABHICTIO IHWMX (DYHKLIOHANbHUX
CUMMTOMIB, PE3UCTEHTHICTIO A0 NiKiB NPOTW TUKIB i BiACYT-
HICTH0 NO3UTUBHOI CIMENHOI iCTOPIT TMKOBMX po3nagis. Kpim
TOro, He3pO3yMino, ki cnewianicTy NoBuHHI 3amatucs CT,
i Lie € MPUYMHOI0 HACTYNHOI doparMeHTaLlji.

OcHoBHi cumntomn CT (TUKW) MOXHA BUSHAYUTY SIK
HEBPOMOTiYHWI TiNEPKIHETUYHWIA PYXOBUIA posnaf. Brim
XapakTep po3BUTKY HEPBOBOI CUCTEMY Ta BUCOKWI piBEHb
Pi3HWX CYNyTHiX 3axBOpLOBaHb, sik-0T CAYI abo OKP, cBin-
yaTb NMPO V0T HaNEXHICTb 40 cchepy AUTAYOI Ta NiANiTKOBOT
nevxiatpii. Lle cnpuynHae akTveBHy MiXAucLMMniHapHY
AMCKYCito Ta MOXe ByTw LLie OAHIEI NPUYMHOIO BiACYTHOCTI
MOTYXKHWX | BEMMKMX (MiX)HaLiOHaNbHAX LOCHIBHULBKNX
MPOEKTIB Y LN ranysi. 3ayBaxumo, Lo BigpisHutn CT Big
iHLIMX PyXOBUX pO3nafiB He CKNagHo, BaXIMBO BUSBUTU
CynyTHi 3aXBOPOBaHHs Ta ixHiit BHecok y CT [39].

KniHiyri 03HaKv TUKIB i yHKLOHaNBHI TUKOMOAiBHi pyxu
36iratoTbCsl Ta MOXYTb CriBicHyBaTy. Lie moxe ycknagHnTy
AndepeHLiaLliio TKIB Big (YHKLIOHANbHUX TUKOMOAIGHMX
pyxis. Cepep negiatpuynmx nauieHTis 3 OKP noHag 50 %
matoTb TkKM, @ B 30-60 % naujeHTiB i3 CT BUABNSIOTH
cumntomn OKP [40]. OKP i Tukosi posnagu, sk-ot CT, —
nobpe BigoMi 3aXBOPIOBAHHA Yy NeAiaTpUyHIA nonynsuii,
L0 MOXYTb BUHWKATW OKPEMO, arne 4acto € CynyTHiMU
3aXBOPIOBAHHSMM B OAHOrO navjeHTa. [poTarom octaH-
Hix 10-15 pokiB 3pocTae 0Bi3HaHICTb NP0 «MNEPEeKPUTTA»
HenpocxeM TukiB i OKP, a Takox BWU3Ha4atoTb NPOMIXHUIA
theHoTmn, Bigomuii sik TypetToBuin OKP (TOKP). Mpu TOKP
cuMnToMY 3anexats Big ocobnmeocTelt i OKP, i CT, Bigpis-
HAKOTbCA Bif Byab-skoro poanagy okpemo. TOKP icHye B
koHTMHYymi 3 CT Ta OKP, nepeTnHae Mexi KOXHOrO 3 HUX i
Mae cneundiyHi xapaktepucTuky 060X po3naais. Po3ymiHHS
TOrO, YOMY B OLHUX NOAEN BUHWKAE i30Mb0BaHui CT, B iH-
wmx — OKP, noB'si3aHmi i3 TMkamu, a B TPETIX PO3BMBAETHCA
TOKP, Bce Lue ayxe obmexeHe.

TOKP € i 30BHiLLHiM, | iHTepHani3oBaHUM po3nagom. BiH
NoedHye ekcTepHanizoBaHi posranbmosaHi pyxu CT na-
panenbHo 3 iHTepHani3oBaHWM AMCTPECOM, L0 Haragye
OKP, konu nosepjHKa He 3aBepLueHa «npocTo Taky». Lio
noBediHKy Ha3BaHO «iMMynbCamu», a He NMpuMycamm,
106 AONOMOITY NO3HAYMTU X 0COBNMBY HEHOMEHOIOTIHO.
MavjeHTn 3 TOKP matoTb Aymkw, BiguyTTs Ta NOBELHKOBI
MOTAM Ha MEXi KOMNYIbCIl Ta TUKIB, LLIO MOXe CTaHOBUTM
TPYAHOLLi ANS KNiHIYHOTO OLHIOBAHHS, AiarHOCTMKN Ta
nikyBaHHs. CneundivHa noBepiHka, SKy BU3Ha4YalTh Npu
TOKP, sk npaBuno, cknagHa, Cxoxa Ha TWKW, Xo4a Mae
KOMMYTbCUBHWIA | NOYACTN TPUBOXHUIA XapakTep (mabri. 2).

Ha BigmiHy Big DSM-4, sikuit knacudikysas OKP y
CNeKTpi TPUBOXHMX posnagis, DSM-5 BuaHavae uiTky
[iarHOCTMYHY KnacudikaLlito 06CeCcMBHO-KOMMYIbCUBHMX i
CropigHeHnx poanagis, wo oxonntoe OKP, a Takox TinecHi
ANCMOPIYHI po3naay, TPUXOTUIIOMAHI, Po3naan Hako-
MUYEHHS Ta eKCKopiaLinHi po3naan. Hessaxatoum Ha Lo
HoBy knacudikauito, 8 DSM-5 TOKP He Bu3HaueHo sk Hesa-
NeXHy AjarHoCTUYHY oguHuLo. ABTopy [41] pekomenaytoTb
BkntounTi TOPK go HactynHoi Bepcii DSM sk cneumeivHui
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Case report

Tabauus 2. JudpepeHuiiiHa xapaktepucTuka cuHapomy TypeTTa Ta 06CECMBHO-KOMMYNBCUBHOMO po3nagy

Bik

CnagkosicTb
lMowwpeHicTb
[vHamika cumnToMmiB

XapaKkTepucTika CUMnTomiB

MoBepjiHka

Hacnigxu

Mpn3ynnHerHs

11-15 pokis 6-9 pokis
37-47 % 58-77 %
1,0-3,0 % 0,4-1,0%

36inbLUEHHS Ta 3HWKEHHS YaCTOTH CUMNTOMIB, LLO
3a3BKyant 36epiraoTbes, SKLLO iX He nikyBaTy

IHTepHanisavjs
[NoBToptoBaHi baratocTyneHesi KOMNyNbCil

EkcrepHanisauis

6075 % 3HMKaloTb Y AOPOCTIOMY BiLli

[MoBTOptOBaHi MOTOPHI pyXi,
LU0 3a3BMYaN BKITKYAKTb OAHY rpymy

06cecHBHO-KOMNYNLCUBHUIA po3nag Cunpapom TypetTa TypeToBuit 06CECUBHO-KOMNYNbLCUBHUIA po3nag

7-13 pokiB
Hesigomo
Hesigomo
Hesigomo

MoeaHaHHs

Komnnekc noBToptoBanbHUX pyXiB NEBHOI KinbKOCTi,
BKITHO4AK04M MOCTYKYBaHHS, JOTOPKYBaHHS

M's13iB 200 YacTvH Tina

TpWBOXHI AYMKM LUBWUAKO 3HUKAKOTH
3HUKaE

Tak, i3 3ycunnam Tak, i3 3ycunnam

[MonepemxyBanbHWiA NOTAI LUBMAKO

[MonepemxyBanbHWUiA NOTAT LUBWAKO 3HUKAE, SKLLO
TUKW BUKOHAHO «SIK CTIia»

CknapHiwe 3ynuHuty, konm OKP abo CT okpemo
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OKpemuIn fiarHos, sikuii notpebye GaraTorpaHHoro Tepane-
BTUYHOrO nigxogy. MponoHytoTb kBanidikauiiHy cneundika-
Liito «nos’a3aHoro 3 Tukom» OKP, xoua s xapaktepuctuka
MpOCTO BKkasye Ha Byab-AKy NoTo4Hy abo MuHyny icTopito
TMKOBOTO PO3najy, ane He OMUCYe YHIKkamnbHy npupogy
cumntomiB TOKP. Lle po3pi3HEHHS € BaXNMBUM, OCKIfNbKM
cumnTomy TOKP He TOTOXHI NpOCTO HAasiBHOCTi koMopoia-
HOro TUKOBOTO po3naay. Yce binbLue foKasiB cBigYaTh, Lo
TOKP € npomixHUM HerponcyxiaTpUYHUM po3nagoM, Lo
BigpisHsieTbea Big CT abo OKP okpemo.

Y i cTaTTi onucanu kninivHniA Bunagok TOKP y xnon-
usi Bikom 10 pokiB. Y HaBeieHOMY KriHiYHOMY BUMaaky 6ynm
3anyyeHi HeBenuKi KyMynSTUBHI BHECKU KiNbKOX FeHETUYHUX
TOKYCIB, @ TAKOX €KONOriYHi (hakTopK, 30Kpema CTPenToKo-
KoBa iHheKLUis Ta nepuHaTarnbHa Tpasma.

TOKP xapaktepuayeTbest GinbLL paHHiM BiKOM novarky,
nepeBaxaHHsM YOOBIKIB i cneLmdivyHnMKU Knactepamm
cumnToMmiB. [louinbHe NOBHE mcuxiaTpuyHe 0O6CTEXEHHS
3 BUKOPWUCTaHHSAM CKPWHIHFOBOTO iHCTPyMeHTapito: Onu-
TyBanbHWka autadoi nosegiHkm (CBCL), OnutyBans-
HVUKa CUMbHUX CTOPIH i TpyaHoLiB AuTuHK (SDQ) [42],
HaniBCTPYKTYPOBAHOTO iHTEPB'I0 ANS CTaHAapTU30BaHOrO
PENTUHIOBOrO OL{IHKOBAHHS MCUXIYHUX PO3nagiB Ta BU3Ha-
YeHH$ X BiANOBIAHOCTI AiarHOCTUYHUM KpuTepism MKX-10
Ta DSM-5 — OuiHioBaHHs po3BMTKY Ta Gnaronony4us
(DAWBA) [43]. Y pasi HeobxigHocTi Tpeba BMKOHYBaTK
fetanbHe disnyHe i HeBpororiYHe 0BCTEXEHHS, 30KpeMa
EET. OcHOBHO MeTOK 06CTEXEHHS € BUKMIOYEHHS iHLLINX
MOXTIIMBWX 3aXBOPHOBaHb, LLI0 MOXYTb MaTy NoAibHi cumnTo-
MU, Hanpuknag okansHoI eninencii. AKLLO € NPUMYLLEHHS
MPO OpraHivHe YpaxeHHs! roroBHOMO MO3KY, 3aCTOCOBYHOTh
MPT. EnekTtpokapaiorpadis, oLiHI0BaHHS (hyHKLiOHYBaHHS
mTonoaibHoi 3anoau abo iHWi npouenypu (Hanpuknag,
MeTaboniyHi TeCTU) He PEKOMEHOBaHI, SKLLO HEMAE 03HaK
BiAMNOBIAHWX NOPYLUEHb.

3Baxatoum Ha Te, Wo nikyBaHHa CT Ta OKP BigpisHs-
€TbCs, KOMOIHOBaHa Tepanisi 3a3Buyan NoTpibHa 415 NOBHOT
pewmicii cumntomie OKP. Y 2019 poui AMepuKkaHcbka aka-
aewmist Heeponorii (AAN) OHOBMMNa HaCTaHOBY 3 JiKyBaHHS
TuKiB y ocib i3 CT Ta XpoHiuHumu Tukamu [44]. DocnigpxeHHs
3 yAOCKOHaNEHHS NikyBaHHS L€l naTonorii MpOAoBXyTbCS
[45,46,47,48].

3ayBaxwumo, L0 y haxoBii Niteparypi 3pocTae Kifb-
KiCTb JOCNimpKeHb, A€ nokasaHo: Aitu Ta nignitkv i3 CT
BifYyBatOTb coLianbHi TPYAHOLL Ta 3a3Hal0Tb COoLiarnbHOI
cTurmatuaadii [49]. MokasaHo, Wwo Aaitv Ta nignitkm i3 CT
NoBIAOMIISHOTb NPO MOTIPLUEHHS CTOCYHKIB 3 OAHOMITKaMM,
MatoTb 3HA4YHO BULLII PU3NK CTUrMaTU3aLi Ta BikTUMIaLii

MOPIBHAHO 3 OfHOMITKAMM, BKITOYAOUM 003MBAHHS, 3HY-
LLaHHA, rny3yBaHHs, AUCKpUMIHALID Ta mapriHanisauito
[50]. Ui dakti 3acpikcyBanu i B OMMCAHOMY KIiHIMHOMY
BUNaZKy, BOHW 3yMOBWIW HEOOXIAHICTb NEBHOIO BTPYYaHHs
MCMXOIOriB i neaarorie.

BucHoBKU

1. MowwupeHicTb crHapomy TypeTTa AoBOMi Bapiaberb-
Ha Ta 3aneXxuTb Bif enigemionoriyHnx MeToaiB AOCIAKEH-
HS1.

2. [eHeTUYHa CXMUMBHICTb, ayTOIMYHITET | hakTopy Jo-
BKINMsS MOXYTb B3aEMOZIATH, CTBOPIOKOYM HermpoBionoriyHy
BPa3nuBiCTb 40 cuHApomy TypeTTa.

3. MNMoepHaHHs cuHapomy TypeTTa Ta 06CECMBHO-KOM-
MyNbCVUBHOIO po3nagly — yHikarnbHUi heHoTHM, LU BKITHOYae
eKCTepHani3oBaHi po3ranbMOBaHi pyxv cuHapomy TypetTa
napanernbHo 3 iHTepHasi30BaHUM AUCTPECOM, KU CXOXWIA
Ha 06CeCMBHO-KOMMYMLCMBHWIA PO3nag.

4. OnucaHwin KniHiYHWIA BUNaaok Tpeba BU3HAUNTU SiK
komopbigHun (cuHapom TypeTTa Ta 06CceCcBHO-KOMMNYNb-
CVBHUIA PO3nap) i BpaxoByBaTH Lie Mif Yac BU3HAYEHHS
METOZIB NiKyBaHHS.

MepcnekTUBY NOAAABLLKMX AOCAIAXKEHD MONSAralTb B
aHaniai IMOBIPHUX MoANIKOBaHMX (haKTOPIB PO3BUTKY CUH-
apomy TypetTa Ta 06CeCHBHO-KOMMYNBCUBHOMO po3nagy,
NiABULLEHHI eCPeKTUBHOCTI AnpepeHLiNHOI AiarHOCTUKN Ta
YOOCKOHANEHHI NiKyBaHHS.
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