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OpwuriHaAbHI AOCAIAKEHHSA

LMTOKiHK, IHCYAIHOPE3UCTEHTHICTDb i JXOPCTKICTb apTepiaAbHOI CTIHKM
B OLiHIOBaHHi nepebiry HeaAKoroAbHOI XXMPOBOi XBOPOOU NeUiHKK

0. M. CtenaHoB®AF, B. |. AineHko@AE, O, M. Tatapuyk(2BCD,
l. C. KoHeHKOBCP O, M. MeTiwko (2 *CE

AY «HetutyT ractpoerteponorii HAMH YkpaiHu», M. AHINpo

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

F - octatouHe 3aTBEpPAXEHHS CTaTTI

[MporpecyBaHHs HEaNKoronbHOI XXMPOBOi XBOPOOMW MeYiHKW acoLitoETbCS 3i 30INbLUEHHSM NOLUMPEHOCTI CEPLEBO-CYANHHUX
3axXBOPtOBaHb.

MeTa po60TH — OLiHWTK piBEHb LIMTOKIHIB, iHCYNIHOPE3WCTEHTHOCTI, XOPCTKICTb apTepianbHOi CTiHKU NPy NPOrpecyBaHHi
CTeaTo3y NeviHky B NaLieHTiB i3 HEaNKOrobHO XMUPOBOK XBOPODOKD NEYiHKM.

Matepianu Ta metoau. O6cTexuny 87 nauieHTiB i3 HeanKoronbHOK XXMPOBOK XBOPOOOK MeYiHKW. XBOPWX MOZINMM Ha
rpynu: | — 14 oci6 6e3 cteatosy; |l — 32 navujeHTn 3i cteato3om 1 ctynens; |l — 30 xBopux 3i cteatosom 2 ctynens; IV — 11
ocib 3i creatozom 3 cTyneHs. KoHTponbHa rpyna — 30 npakTM4HO 300poBux oci6. CTeaToMeTpito 3 KirbKiCHUM OLiHIOBAHHSIM
CTYNeHs1 CTeaTo3y NeviHky 3aiACHUNM Ha ynbTpa3BykoBOMY anapati Soneus P7. BMICT UMTOKIHIB (iHTEpnekiH-6, iHTepnelikiH-10,
TNF-0) B13Ha4anm 3a JOMOMOroK0 iMyHOhEPMEHTHOTO aHanidy 3 BUKOpUCTaHHAM aHanizatopa Stat Fax 303 Plus. PiseHb
iHCYNiHOPE3NCTEHTHOCTI BU3Ha4anu 3a gonomoroto ingekcy HOMA-IR.

Pe3ynkratu. BmicT iHTepnenkiHy-6 y cupoBarLi KpoBi xBopux IV rpyni BiporigHo NigBULLEHWI LLOAO PIBHS B rpyni KOHTPOMO
(B 1,8 pasa, p < 0,05), xBopux | (y 3,2 pa3a, p < 0,05), Il (8 3,0 pa3a, p < 0,05) Ta lll (y 2,3 pasa, p < 0,05) rpyn. B o6cTexeHux
piBeHb TNF-a 36inbLUyBaBCcs 3 NporpecyBaHHAM CTPYKTYPHUX 3MiH NEYiHKK, i Npu 4 CTyneHi CTeaTody oro BMICT NigBULLEHWIA
y 6,4 pa3a (p < 0,05) wopno nokasHuka rpynu koHTponto, y 8,0 pasa (p < 0,05) wopo | rpynun xBopwx, y 3,4 pasa (p < 0,05) —
Il, 8 1,8 pasa (p < 0,05) — Ill rpynu nauienTi. MigsuwenHs ingekcy HOMA-IR y 3,2 pa3sa (p < 0,05) BU3Hauunnu y xsopux i3
nomipHum cTeato3om, 3,9 pasa (p < 0,05) — y nauieHTiB i3 BUpaxeHNM cTeaTo30M LLOAO NOKa3HUKIB KOHTponto. BetaHoBunm
KOpEenALiiHNIA 3B’A30K MiX TOBLUMHOIO iHTUMa-Megia NiBoi 3aranbHoi COHHOI apTepii Ta piBHem TNF-a (r = 0,438; p = 0,006),
iHoekcom HOMA-IR (r = 0,557; p = 0,0008).

BuCHOBKMW. Y XBOPUX HA HEAIKOTOMBHY XMPOBY XBOPOOY NEYIHKM i3 MPOrpeCyBaHHsIM CTYNEHs CTEATO3Y NeYiHKW BCTAaHOBIEHO
BipOrigHe NigBMLLEHHA Npo3ananbHNX LIMTOKIHIB, IHCYMIHOPE3UCTEHTHOCTI Ta TOBLUMHM iHTUMa-Meia NiBoi 3aranbHOi COHHOI
aprtepii.

Cytokines, insulin resistance and arterial wall stiffness in assessing the course
of non-alcoholic fatty liver disease

Yu. M. Stepanov, V. I. Didenko, 0. M. Tatarchuk, I. S. Konenko, O. P. Petishko
The progression of non-alcoholic fatty liver disease is associated with an increased prevalence of cardiovascular disease.

Aim: to assess the level of cytokines, insulin resistance, arterial wall stiffness during the progression of hepatic steatosis in
patients with non-alcoholic fatty liver disease.

Material and methods. 87 patients with non-alcoholic fatty liver disease were examined. Group | consisted of 14 patients
without steatosis, group Il — 32 patients with steatosis grade 1; Ill — 30 patients with steatosis grade 2, IV group — 11 patients
with steatosis grade 3. The control group consisted of 30 apparently healthy individuals. Steatometry with a quantitative as-
sessment of the grade of hepatic steatosis was performed using a Soneus P7 ultrasound machine. The content of cytokines
(interleukin-6, interleukin-10, TNF-a) was determined using an enzyme-linked immunosorbent assay using a Stat Fax 303
Plus analyzer. The level of insulin resistance was determined using the HOMA-IR index.

Results. The content of interleukin-6 in the blood serum of patients of group IV was significantly increased relative to the level
in the control group (by 1.8 times, P < 0.05), patients of group | (by 3.2 times, P < 0.05), Il group (by 3.0 times, P < 0.05) and
group Il (2.3 times, P < 0.05). The level of TNF-a increased with the progression of structural changes in the liver and at
grade 4 of steatosis its content was increased by 6.4 times (P < 0.05) relative to the level in the control group, by 8.0 times
(P < 0.05) relative to group | patients, by 3.4 times (P < 0.05) — group Il patients and by 1.8 times (P < 0.05) — group Ill pa-
tients. An increase in the HOMA-IR index by 3.2 times (P < 0.05) was found in patients with moderate steatosis and 3.9 times
(P < 0.05) in patients with severe steatosis compared to controls. A correlation was established between the intima-media
thickness of the left common carotid artery and the level of TNF-a (r = 0.438; P = 0.006) and the HOMA-IR index (r = 0.557;
P =0.0008).

Conclusions. In patients with non-alcoholic fatty liver disease with progression of the grade of hepatic steatosis, a significant
increase in proinflammatory cytokines, insulin resistance and intima-media thickness of the left common carotid artery was found.
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Original research

He3Baxatoun Ha Ynmani OOCATHEHHS Y BU3HAYEHHI
NaTOrEHETUYHUX MEXaHi3MiB PO3BUTKY HEANKOrOMbHOI
XupoBoi xBopobu nedinkn (HAXXIT), HeBupileHuM
MUTAHHSAM 3aNMULLAETHLCS ranbMyBaHHS MPOrpeCcyBaHHS
CTPYKTYPHUX 3MiH NeviHku. Maixe nonoB1Ha HaceneHHs
y CBITi CTPaXAae Ha Lito NaTonorito, Han4acTille — XBOpi
3 OKMPIHHAM i LykpoBuM giabetom [1]. Cepen OCHOBHYMX
YMHHWKIB, LLIO MatoTb BaroMuii BNMB Ha NPOrHO3yBaHHS
nepebiry HAXKXT, B ocTaHHi pokv BOCTIAHVIKW BUPI3HSIOTH
LUBMAKICTb MiABULLEHHS cTagii pibposy nevinku [2]. Yac-
TOTa BUSBNEHHS HeanKoronbHoro crearorenatuty (HACT)
konueaeTbes Big 1,5 % 10 6,5 % [3]. Ane MexaHismu, Wwo
CMPUYMHSIKOTL PO3BUTOK Bif MPOCTOrO CTEATO3y NEYIHKM
[0 cTeatorenaruty, NOTpedyoTb YTOYHEHHS.

Y 1998 p. G. Day 3anponoHyBaB Mofenb «ABOX
yaapis», Wo nosicHioe natoreHed HAXKXT Ta ii nporpe-
cyBaHHst y HACT. Y uin moaeni nokasaHo, LLO OXUPIHHS,
0cobnuBo BicLeparnbHe, 30inbllye HaOXOmKeHHs B ne-
YiHKY BiNIbHUX )KMPHUX kncnoT. OfHO4aCcHO pO3BMBAETLCS
OKUCHUI CTPEC, SIKWIA NIATPUMYETHCS CUCTEMOIO LIUTOKIHIB
i3 CeKkpeLji€elo BENUKOI KinbKOCTi chaktopa HeKpo3y nyx-
nvH anba (TNF-a), wo npuseoguTh 40 anonTo3y Ta
ibpo3y [4,5].

Binomo, o iHcyniHopeaucTeHTHicTb (IP) 3anyckae
ninoni3 BicLepanbHOro XUpY Ta OKUCHEHHS! BiflbHUX
XUPHUX KUCIOT NEYIHKOK, CIPUYMHSIOYM ITIIOKOHEOTreHe3
i KmpoBy iHginbTpaLito renatouuTis [1,6]. IP npu3sognts
TaKOX 40 aTePOCKNEPOTUYHUX 3MiH apTepianbHUX CyauH,
y pe3ynbTaTi Yoro 3MIHITLCA iXHi MPYXXHO-eNacTUYHiI
BNaCTUBOCTI [7]. BBaxatoTb, WO NiABULLEHHS NPOAYKLii
TNF-a Ta iHTepnenkiHy-6 (111-6) Bigirpae ocobnusy ponb
y natoreHesi IP neviHku. Barato gocnigHukie OLHIO0Tb
TNF-a sk megiatop IP npu oxupinti [8,9]. Y pobori
S. A. Townsend et al. nokasaHa 3anexHicTb KOHLEHTpa-
uii IL-6 Bia ctyneHs oxupiHHg, a Takox [P [10]. TNF-a
36iMbLLY€E NPOHUKHICTb CYAVH | € MeaiaTopoM AeCTpyKLii
TKaHwH [9,11].

Ony6nikoBaHo BigomocTi wono 3gatHocTi TNF-a
MOCUIIIOBATK HEKPO3 Ta anonTo3 KniTuH [12—14]. Mpu-
MycKaloTb, L0 CUCTEMHE 3ananeHHs Bigirpae BaxuBy
pOrb y HAKOMWMYEHHI NiNiZiB y TKAHWHI NEYiHKW, MPY LibOMY
BUHMKAE «XMOHE KOMoy». BusBunm B3aemMo3B'SI30K Mix
pisHem TNF-a Ta nporpecyBaHHAM CTeatosdy neviHkm [1].

HAXXIT — MynbsTUCUCTEMHE 3aXBOPIOBaHHS, O
BPaXae€ He TiMbKW NeYiHKy, ane 1 iHwwi opraHu, 3okpema
cepue i cyauHm. Tak, HAXKXI 36inbLuye prank BUHUKHEH-
HS1 CepLieBO-CyAMHHIX 3axBoptoBaHb (CC3) BHacmigok
B3aeMo3B’s3ky HAXKXI i BcTaHOBNEHX hakTopiB praviky
po3uTKy CC3: oxmpiHHs, rinepTeH3ii, arTeporeHHoi anc-
ninigewmii, IP [15]. BctanosneHo, wo nepebir HAXKXTT i
CC3 cynpoBomKyeTbCA 30iNbLLEHHSIM PiBHSA aHANOMYHNX
GiomapkepiB. Mpu cTeaTosi NeYiHKM XMpoBa TKaHWHA
BMpOONAE nposanarnbHi UMTOKIHK, WO GepyTb akTvBHY
yyacTb y cpopmysaHHi CC3 [8,16]. MNigBuLLieHUin BMICT
IL-6 y KpOBi — NPOrHOCTUYHUIA MapKep PO3BUTKY LIYKpO-
BOro fiabeTy 2 Tvny, a Hagani i BUHWKHEHHS! iHGhapKTy
Miokapza [8]. B paHaomizoBaHWX KOHTPOMbOBAHMX JOCHTi-
keHHsAX HAXKXIT nos’azaHa 3i 36inbLUEHHSM TOBLLUH
iHTVMa-Mefjia COHHOI apTepii Ta MOCUIIEHHSAM XXOPCTKOCTI
aprepianbHoi CTiHkW. MeTaaHania 7 gocnimxeHb, WO
BKntoyaB 3497 ocib, nokasap: BUSIBIEHA B pe3ynbrari
yneTpassykoBoro gocnimkeHHs HAXKXIT acouitoBanacs
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3 MOTOBLLEHHSAM iHTUMa-Mefjia COHHOI apTepii Ta BENWKo
KinbKiCTHO BrisiLLIok CoHHMX apTepii [17,18].

OTxe, cyyacHi AaHi faloTb MiLCTaBM CTBEPAXKYBATH:
HAXXT acouitoeTbea 3i 36inbLueHHsm nowmperocti CC3,
i HaNBinbLUa KiNbKICTb NeTanbHUX BUNAAKIB y NaLieHTIB 3
HAXXTI 3ymoeneHa CC3 [15].

Merta po6otu

OUiHNTM piBEHb LIMTOKIHIB, iHCYNIHOPE3UCTEHTHOCTI, KOp-
CTKICTb apTepianbHOi CTiHKV NPy MPOrpecyBaHHi CTeatosy
neviHky B naujeHTiB i3 HAXKXT.

Marepianu i meToAU AOCAIAKEHHA

O6cTexunu 87 nauieHTis i3 HAXXI Bikom Big 30 go 66
pokis (49 xiHok — 56,3 %, 38 yonogikiB — 43,7 %). XBOpWX
noginunu Ha rpynu: | — 14 oci6 6e3 cteatosy (S0); Il — 32
nauieHTun 3i cteatosom 1 ctynens (S1); Ill — 30 xBopux
3i cTeato3om 2 ctyneHs (S2); IV — 11 ocib 3i cteato3om
3 ctynens (S3). KonTponbHa rpyna — 30 npakTu4Ho
300pOBUX OCID.

Bepudikauito aiarHosy 3aiMicHUNM WNSXOM aHanisy
cKapr i AaHUX aHaMHesy, pesyrbTaTiB 3CyBHOXBUITLOBOT
enacTtomeTpii, cTeaTOMeTpii NeviHkW, ceponoriuHmx
METOZIB i pe3ynbratiB MOpONOriYHOro LOCHIMKEHHS.
KpuTepii BUKIIOYEHHS — HasiBHICTb BIpYCHWX renatuTis A,
B, D, E, umpoais 6yab-skoi etionorii, BIJ1, ckneposytoyoro
XOMNaHriTy, renaTouestonsapHoi KapLumMHoMK, TPOMBO3iB
CyOMH NopTanbHoOi CMCTEMM, FeMOXPOMaTo3y, XBOpPooM
KoHosanosa-BinbcoHa, cuHapomy bapna—Kiapi; sariT-
HICTb; YPaXXeHHS1 EHAOKPUHHOI CUCTEMM; 3MOSIKICHI HO-
BOYTBOPEHHSI.

CteartomeTpito (MeTOA KiNbKiCHOrO OLiHIOBaHHS
koediuieHTa 3atyxaHHs (K3) ynstpassyky (Y3) B ab/cm
[NS BU3HAYEHHS! CTYNeHs CTeaTo3y NeviHkv) 3giicHunm
B peanbHOMy 4aci Ha anapati Soneus P7 (YkpaiHa).
Pesynbrati ouiHoBanu 3a MOPGOSOriYHOK LWKanow
M. Sasso et al.: SO Bignosigae Hopmi (YacTka renatoum-
TiB i3 xupom — 0-5 %) — Big 1,0 gb/cm no 2,19 gblewm;
S1 — nerkwit cTyniHb cTeaTo3y (YacTka renartouuTis i3
xupom — 5,1-33,0 %) — Big 2,20 ob/cm po 2,29 ab/cm;
S2 — nomipHUI CTyMiHb (YacTka renaToumTiB i3 KUPOM
- 33,1-66,0 %) — Big 2,30 ob/cm o 2,90 ob/cm; S3 —
TSHKKUI CTYNiHb CTeaTo3y (4acTka renatouuTiB i3 XXUpoM
—noHag 66,0 %) —>2,90 gb/cwm (puc. 1).

JlokanbHy XOPCTKICTb CYOMHHOI CTIHKM BU3HaYanu
Ha Y3 anaparti Soneus P7 (YkpaiHa), Ha 1,5 cm npokcu-
manbHitue Bidypkauii coHHunx apTepin. Y pesxumi W-Track
HaniBaBTOMATU4HO BUMipIOBanM napameTpu, pekoMeHz0-
BaHi EBPONEVCLKNM KOHCEHCYCOM EKCMEPTIB i3 XXOPCTKO-
CTi apTepin: MiHIMarnbHWiA giameTp CyauHU 3a cepLeBuii
umkn (D, Mm), 3MiHy AiaMeTpa CyavHM 3a CEpPLEBUI LIVKI
(delta D, mm), inaekc apTepiansHoro Hatary (CAS), koedi-
LieHT komnnaeHcy npocBiTy aptepii (CC, mm?/klMa), iHoekc
apTepiarnbHoi xopcTkocTi (Sl) Ta WBMAKICTb NynbCOBOT
XBWIi 0gHOTOYKOBUM cnocobom (PWV, m/c).

[Ons imyHocbepmeHTHOrO aHanisy kinbkocTi TNF-q,
I11-6, 111-10 y cupoBaTLi KpOBi BUKOPUCTOBYBanU Habopu
peakTusiB dipmn «Bektop-BECT», Ans Bu3HayeHHs
iHcyniHy — cipmn «DRG International, Inc.». ImyHodep-
MEHTHUWIN aHani3 BUKOHANM 3a [OMOMOrO0 aHarnisaropa
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Tabnuus 1. PiBeHb LMTOKIHIB i NOKa3HMKM BYrneBogHoOro 06MiHy B cupoBartLli kposi xBopux Ha HAXKXI, Me (LQ; UQ)

MokasHuku, KoHTponbHa rpyna, | rpyna, Il rpyna, Il rpyna, IV rpyna,
OAUHULI BUMipIOBaHHA n=30 =14 n=32 n=30 =11

I1-6, nr/mn 24 (0,2; 4,9) 1,3(1,2;2.8) 14(0,6;3,7) 1,8 (1,5,6,4)
I11-10, nr/mn 7,5 (4,3; 11,6) 2,8(2,0;38)" 1,5 (1,1;27)" 24 (1,7;2,9)'
TNF-a, nr/mn 05(0,1;1,7) 0,4 (0,3 8,7) 0,9(1,2;1,5) 1,8(1,3;4,8)
TNF-a/If1-10 0,07 (0,06; 0,09) 0,14 (0,13; 2,76) 0,58 (0,18; 1,17) 0,77 (0,54; 3,58)
IHCyniH, MKOL/MA 1,0 (2,3;15,2) 17,2 (12,4; 21,6) 16,6 (8,3; 24,5) 29,3 (21,9; 37,3)12
HOMA-IR 21 (1,4;2,4) 39 (3,0;4,4) 43(2,5:6,2) 7,6 (54;9,6)23

4,2(2,8;35,1)1234
29(1,9; 4.4)"
3,2(2,6;5,9)123
1,03 (0,69; 2,16)
34,2 (30,8 43,0)12°
8,1(7,2;10,6)'2°

% p < 0,05 — BiporiAHICTb Pi3HNLi NOPIBHSHO 3 KOHTPOSBHOIO TPYMOHO;
Il rpynoto; 4: p < 0,05 — BiporigHicTb pidHNLi NopiBHsAHO 3 11l rpynoto.

«Stat Fax 303 Plus» (CLUA). IHCyniHOPE3UCTEHTHICTb
ouiHtoBanu 3a gonomoroto iHaekcy HOMA-IR.

[na onTumisauii MaTemMaTU4HOro onpaLloBaHHA
pe3ynsTatv BHecnu B 6a3y AaHux, wo nobygosaHa 3a
ZOMOMOroK enekTpoHHMX Tabnuub Microsoft Excel.
CraTCTMYHe OnpaLtoBaHHs pe3ynbTaTiB BUKOHANM 3a
[OMOMOroI0 MakeTa npuknagHux nporpam Statistica 6.1
(cepinHnin Ne AGAR909E415822FA). BignosigHicTb
po3noAiny AaHux [0 3aKOHYy HOpPMarlbHOro po3noginy
nepesipunu 3a gonomoroto Metogy LLanipo-Binka. [ns
OnuCy AaHux 3actocyBanu MegiaHy (Me), HkHin (LQ)
i BepxHin (UQ) ksaptuni. AN NOPIBHAHHA KiNbKiCHUX
nokasHukis Bukopuctanmu Kruskal-Wallis test i U-kpute-
pii MaHHa—BiTHi. CTaTnCTUYHY 3HauyLLiCTb OLiHIOBaNM
Ha piBHI He Himkye Hix 95,0 % (p < 0,05). BupaxeHicTtb
B32EMO3B'A3KIB Mi>K 3MiHHMV BCTAHOBWNI 32 IONMOMOTOH
3HauyLLWMX koediLlieHTiB paHroBoi kopensLii CnipmeHa (r).

Yci nauieHTn nignucanu iHopmoBaHy 3rogy Ha
y4acTb Y AOCTIAKEHHI.

PesyAbTati

Y pesynbraTi BU3HAUYEHHS CTaHy LMTOKIHOBOI perynsuii
B OOCTEXEHUX BUSIBUNW 3pOCTaHHS Mpo3ananbHux Lu-
TOKIHIB i3 NPOrpecyBaHHAM CTYMEeHs CTeato3y MediHku
(mabn. 1).

Tak, y xBopux | rpynu pieHb TNF-a cTatnctniHo He
BiZPI3HABCA Bif NokasHnka koHTponbHoi rpynun. Y Il ta lli
rpynax XBOPVX BUSIBUINM 3pPOCTaHHS LLoa10 koHTporo TNF-a
B 1,9 pasa 1a 3,6 pasa (p <0,05) BignosigHo. Y nawjienTis IV
rpyrv BmicT TNF-a nigeuwwenHnit y 6,4 pasa (p < 0,05) woao
piBHs B rpyni koHTponto, 8,0 pasa (p < 0,05) — | rpynu, 3,4
pa3a(p<0,05)-1l,81,8 pa3a (p < 0,05) - Il rpynun xsopux.
3a pesynsratamm Kruskal-Walllis test, BiporigHicTb pisHumLi
pieHst TNF-a Mix rpynamu ctaHosuna 0,011.

Bwict II1-6 y cuposartui kposi Hameuwwia y 1V rpyni,
BipOriQHO NepeBULLYBaB NMOKa3HUK Yy pymi KOHTPOMo (B
1,8 pa3a, p < 0,05), a Takox B y 3,2 pasa (p < 0,05)
LLOAO nokasHuka nauiexTis | rpynu, B 3,0 pasa (p < 0,05)
—11, 2,3 paza (p < 0,05) — lll rpynu xBopux.

PiBeHb npotusanansHoro 1/1-10 y Beix rpyn XBopux 3a-
TULLABCS Ha HUXHIN MEXi HOPMU, MefliaHa ioro 3Ha4eHHS!
BipOrigHO 3HWXeHa. BigcyTHICTb cTUMynsUii BUpOBneHHs
[11-10 npu3BoanTb 4O NOPYLLIEHHS ChiBBigHOLLEeHHS TNF-a/
I11-10 y xBopux Ha HAXXIT.

HavBuLe 1oro 3Ha4yeHHs BCTaHOBWM Y xBopuXx IV
rpynu — nigsuwerHs B 14,7 pasa (p < 0,05) wopgo rpynu
KOHTpOMHo, B 7,4 pa3a (p < 0,05) — woao nokasHukis y |
rpyni, B 1,8 pasa (p <0,05)-11, 1,4 pasa (p > 0,05) — wono
Il rpynu nauieHTis.
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Puc. 1. KoediLlieHT 3aTyxaHHs ynsTpaseyky y xBopux Ha HAXKXIT 3anexHo Bif CTyneHs cTearoay.

Y xeopux Il i IV rpyn cnoctepiranu BiporigHe 36inb-
LUEHHS! BMICTY iHCYniHy (y 2,7 pasa, p < 0,05; B 3,1 pasa,
p < 0,05 BignogigHo), iHoekcy HOMA-IR (B 3,2 pasa,
p <0,05; B 3,9 pasa, p < 0,05 BignosigHo) OO Nokas-
HUKIB rpynu koHTposko (ma6s. 1). MauieHTw Il Ta IV rpyn
TaKoX BipOrifHO BiAPI3HANMCA 3a PiBHEM iHCYMiHY Ta iH-
nekcy HOMA-IR Big xBopux | Ta Il rpyn. 3a pesynsratamu
Kruskal-Wallis test, BiporigHicTb pisHuL piBHS iHCYMiHY Ta
iHoekcy HOMA-IR cranosuna 0,005 i 0,0004 BignosigHo.

PesyrnraTi kopensuinHoro aHanisy nokasarnu 38’830k
K3 i Bmicty I1-6 (r = 0,324; p =0,032), TNF-a (r = 0,434;
p = 0,003), iHaekcy HOMA-IR (r = 0,479; p = 0,002).

Y pesynbTati OLiHIOBaHHS XOPCTKOCTi apTepianbHOT
cTiHku (XKAC) 3aranbHoi niBoi COHHOI apTepii BCTaHOBM-
nu 36iNbLUEHHS JiaMeTpa 3aneXHo Bif NporpecyBaHHs
CTyMNEeHs CTeaTody NeYiHKy 3 NPOMOPLIAHIM 3MEHLLEHHSIM
roro npupocty (p > 0,05) (mabn. 2).

Ha puc. 2 HaBegeHO NpvKnag COHOMOMYHOrO Mpo-
TOKOIY BUMIPIOBaHHS JIOKaNbHOI XOPCTKOCTi CYAUHHOT
CTiHK¥ niBoi 3aranbHoi coHHoi apTepii (3CA) y XxBoporo
Ha HAXKXTT.

Y nauienTiB i3 HAXXI y pesynerarti OuiHIOBaHHS
KOPCTKOCTI apTepianbHOi CTiHKM NpaBoi 3aranbHoi
COHHOI apTepii BCTAHOBMNEHO BiACYTHICTb CTATUCTUYHO
3HaYyLLWX BiAMIHHOCTEN 3amnexHo Bif CTYyNEeHs CTearosy.
Ane BUSBUNWU TEHAEHL0 OO 30inblEHHA MOKa3HUKIB
weugkocTi nynscosoi xsuni (PWV, m/c) Ta mogyns
enactuyHocTi (EM, kla) 3anexHo Big nporpecyBaHHs
creatosy (mabn. 3).

BuaBunu 30inblueHHA TOBLMUHW iHTUMA-Mefia
(TIM) 3 060x 6okiB y xBopux Ha HAXXI 3anexHo Big

2 p < 0,05 - BiporigHicTb pi3HuLi NopiBHsHO 3 | rpynoto; *: p < 0,05 — BiporigHICTb Pi3HMLI NOPIBHSHO 3

o Median
O 25-75%
T 59%
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Puc. 2. CoHonori4Huin NpoTOKON BUMIPIOBAHHS ToKasb-
HOT JOPCTKOCTi CYANHHOI CTiHKM 3aranbHoi NiBoi COHHOT
aptepii y xsoporo Ha HAXXI.

Puc. 3. TIM nigoi (A) Ta npasoi (B) 3CA y xBopux Ha
HAXXTT.

1.68 mmi/...
3.96

54.37 MNa
4.94 m/c
41.38%

OTnpaeuTE B NPOTOKOA L G [ T f -
| = O ————————— ‘_‘_"“

BinnpaeutH ¥ npotokoa

16.02 mm
0.66 mm
0.05 mm
0.66 mm
0.05 mm
0.52 mm
0.75 mm
160

1.00

BinnpaeuTH y npoTokon
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Tabnuus 2. MokasHukn XKAC niBoi 3aranbHoi COHHOI apTepii y xBopux Ha HAXKXT1 3anexHo Big ctyneHs creatody, Me (LQ; UQ)

MokasHuku, KoHTponbHa rpyna, | rpyna, Il rpyna, Il rpyna, IV rpyna,
OAUHULI BUMipIOBaHHA n=30 =14 n=32 n=30 =11

Dmin, My 7,70 (7,39; 7,90) 8,47 (7,97; 8,89) 8,62 (7,62; 9,23) 8,55 (8,09; 8,89) 8,93 (8,32; 9,24)
delta D, mm 0,34 (0,27; 0,39) 0,41 (0,30; 0,54) 0,31(0,22; 0,39) 0,40 (0,26; 0,48) 0,33 (0,31; 0,34)

cAS 0,07 (0,05; 0,08) 0,05 (0,03; 0,06) 0,04 (0,04; 0,05) 0,04 (0,03; 0,06) 0,03 (0,03; 0,04)

CC, mm2iTa 0,80 (0,56; 0,91) 0,92 (0,59; 1,43) 0,74 (0,54; 0,84) 0,92 (0,76; 1,31) 0,78 (0,66; 0,95)

si 5,48 (5,22; 7,56) 9,72 (6,37; 12,81) 11,51 (9,75; 16,10) 9,92 (6,50; 13,09) 10,24 (8,58; 10,87)

EM, kTa 64,02 (64,35; 78,79) 132,48 (83,75;187,81) 147,17 (113,63; 188,96) 127,02 (99,67; 173,92) 155,29 (112,91; 157,68)
PWV, mic 5,57 (5,19; 5,99) 7,74.(6,21;9,37) 8,69 (7,66; 9,49) 7,68 (6,80; 9,03) 8,51 (8,14; 8,59)

Al % 13,18 (5,13; 48,00) 3,49 (0; 14,60) 16,0 (6,34; 26,54) 11,27 (6,62; 24,52) 4,55 (0; 9,52)

Ta6nuus 3. MokasHukn XXAC npaBoi 3aranbHoi CoHHOI apTepii y xBopux Ha HAXXI 3anexHo Bia cTyneHs cteatosy, Me (LQ; UQ)

Moka3Huku, KoHTponbHa rpyna, | rpyna, Il rpyna, Il rpyna, IV rpyna,
OZIMHULIi BUMiPIOBaHHSA n=30 n=14 n=32 n=30 n=1

Dmin, Mm 8,16 (7,70; 8,78) 8,60 (7,42; 9,36) 8,47 (8,06; 8,76) 8,77 (8,13; 9,39) 8,93 (8,62; 9,04)
delta D, Mm 0,35 (0,20; 0,43) 0,37 (0,24; 0,45) 0,32 (0,24; 0,41) 0,38 (0,26; 0,49) 0,34 (0,33; 0,42)

CAS 0,06 (0,04; 0,07) 0,05 (0,03; 0,07) 0,04 (0,03; 0,05) 0,04 (0,03; 0,05) 0,04 (0,04; 0,04)

CC, mm?/kTTa 0,78 (0,52; 0,89) 0,81 (0,59; 0,96) 0,77 (0,55; 0,93) 0,94 (0,69; 1,29) 0,84 (0,64; 0,97)

Sl 7,02 (5,87; 8,88) 10,28 (7,04; 17,46) 11,52 (9,29; 16,18) 9,44 (7,95; 14,25) 10,69 (10,05; 10,99)
EM, KTa 84,78 (73,07; 116,80) 138,93 (85,63;231,52) 151,50 (119,97; 202,44) 127,37 (103,83; 195,46) 157,03 (145,74; 165,82)
PWV, mic 6,26 (5,79; 7,37) 7,98 (6,28; 10,42) 8,45 (7,46; 9,78) 7,70 (6,92; 9,58) 8,55 (8,26; 8,80)

Al, % 29,80 (8,33; 45,90) 5,42 (1,04; 8,19) 8,70 (0; 16,67) 8,01 (0; 15,89) 7,41 (4,17; 14,29)
nporpecyBaHHs CTyNeHs cTearto3y neviHku (puc. 3).

MakcumanbHe 3HaqeHHs TIM BCTaHOBUMM Y XBOPUX Ha 0.90 —— ' ' ' '

HAXXIT 3i crynexem creatosy S3 (puc. 4). 3a pesyrb- KW-H@E.38) = 124410201 [ ——

Tatammn Kruskal-Wallis test, iporigHicTb pisHuui TIM 0.85 | 5 = 0,0069
niBOi 3aranbHOi COHHOI apTepii MK rpynamm nauieHTis 080 F

craHoBuna 0,0069. O

Y pesynbraTi KOpensauiinHoro aHanidy y naujieHTiB i3 075 T

HAXXI ectaHoBInm 38’3k TIM niBoi 3aranbHoi COHHOT . o070 L 5 1

aprtepii Ta Bmicty TNF-a (r = 0,438; p = 0,006), iHaekcy ; 065 | o

HOMA-IR (r = 0,557; p = 0,0008) (puc. 5). = 2

0,60 | L

06roBopeHHA 0551

HwWHi akTMBHO BMBYaKOTb POrb LMTOKIHIB npy HAXKXIT. 050 1 L 0 Median
Busisunu, wo nposanansHi uutokitm (TNF-a, 11-6) Bigi- 0,45 . - . - . . I% 5255;;50/%

S0 S1 S2 S3 =90 7

rpatoTb BaXXNUBY pPosb y MiATPUMLI 3anasnbHOro npouecy

nig yac HAXKXI [1,8,12].
Pesyn bTaTU OCTAHHIX AOCHiZXeHb nokasanu: Puc. 4. TIM nioi 3aranbHoi coHHoi apTepii y xBopux Ha HAXKXTT 3anexHo Bia CTynexs cTeatosy.

po3suTok cTeatosdy y xBopux Ha HAXKXI nos’asaHui

3i 3HaYHMMW 3MiHaMu piBHSA UMTOKIHIB [8,13,14]. Lle 0.80
CNPUYMHSE PO3BUTOK €HOOTOKCUMI, |P, BicLiepanbHoro 085 |
OXMPIHHS, CUCTEMHOTO 3ananeHHsl, a TakoX PO3BUTOK i 0s0 b
MpOrpecyBaHHs CTeatosy Yyepes CTUMYNALilo NedviHKo- z
BOTO 3arnarneHHsl, HeKPO3 Ta amnonTo3 KMiTWH, IHAYKLio § 075 f
thibpoay [8,11,13,14]. & ont
Y pesynbraTti Haworo AOCNiMKEHHS BUSBUNY 3B'A3- E
kn K3 Ta 116 (r = 0,324; p = 0,032), TNF-a (r = 0,434; 2 0ss
p =0,003) Ta iHgekcom HOMA-IR (r=0,479; p = 0,002), é 0,60
LLIO CBIAYMTL NPO BMNAKB Npo3ananbHUX LUTOKIHIB Ta IP = 055
Ha PO3BUTOK CTEATO3y NeYiHkW. [JopeyHICTb 3aCTOCyBaH-
Hs nokasHmka TIM sk 4iarHoCTUYHOTO KpUTEPto PaHHBOTO 050 ¢
BUSIBMEHHS iHCYNIHOPE3UCTEHTHOCTI (NporpecyBaHHs 0.45 °
meTaboniyHoro crHapoMy) y nauieHTis i3 HAXKXIT nig- 0 2 4 6 8 10 12 14 16

. o u HOMA-IR
TBEepaXye BCTAaHOBNEHUN KOpenAuInHUA 3B 430K LibOro

nokasHuka 3 ingekcom HOMA-IR (r = 0,557; p =0,0008). o o ; . L

. ., L . Puc. 5. Kopensiinuit 38’30k TIM nigoi 3aransHoi coHHoi apTepii Ta iHgekcy HOMA-IR y xBopux
3 iHLworo BoKy, BU3HavueHWi 38'a30k TIM niBoi 3aranbHoi Ha HAMKXTT.
COHHoI apTepii Ta BmicTy TNF-a (r = 0,438; p = 0,006).
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Ha Hawy pymky, 36inswenHs TIM — Hacnigok nposa-
nanbHOI akTuBaLii LMTOKIHIB Ta PO3BUTKY iHCYniHOpe-
3UCTEHTHOCTI.

OTKe, NporpecyBaHHsl CTYNEHSI CTeaTo3y MNediHku
y xBopux Ha HAXKXIT cynpoBomKyeTbCsl 30iMbLIEHHAM
BMICTY Npo3anasibHUX LMTOKIHIB, iHCYNiIHOPE3UCTEHTHOCTI
Ta TOBLUMHM iHTUMa-Meaja 3 060X DOKiB.

BucHoBKU

1.Y xBopux Ha HAXXTT i3 nporpecyBaHHsaM CTyne-
HS CTeaTo3y MediHKU BCTAHOBWIW BipOriAHE 3POCTaHHS
npo3ananbHuX LMTOoKiHIB. KoHueHTpauis I11-6 y cupoBaTui
kpoBi xBopux |V rpynu BiporigHo NigBuLLEHa LWoao piBHA
B rpyni koHTponto (B 1,8 pasa, p < 0,05), nauieHTis | (y
3,2 pa3a, p <0,05), Il (y 3,0 pa3a, p < 0,05) ta lll (y 2,3
pasa, p < 0,05) rpyn.

2. B ycix rpynax xsopux Ha HAXXI piseHb TNF-a
MiABWLLEHWIA, 3anexas Bif CTYNEHst CTeaTo3y MevdiHKu.
Y xsopux IV rpynu oro BMICT nigsuLleHnin y 6,4 pasa
(p < 0,05) wopo piBHa B rpyni koHTponto, y 8,0 pasa
(p <0,05)—wopo I rpynu, y 3,4 pasa (p <0,05)-11,y 1,8
pa3a (p < 0,05) — Il rpynu xBopux.

3. MigsuweHHs iHoekcy HOMA-IR B 3,2 pa3sa
(p < 0,05) BusBunK y xsopux Ha HAXXIT i3 nomipHum
cTearo3om, y 3,9 pasa (p < 0,05) -y nauieHTiB i3 Bupaxe-
H1M CTEeaTo30M (YacTka renaTtoLuTiB i3 XKMPOM CTaHOBUTb
noHap 66 %) NopiBHAHO 3 KOHTPOMEM.

4. BcraHoBunm KopensiuinHmia 38’a3ok Mixk TIM nisoi
3aranbHoi CoHHoI apTepii Ta piBHem TNF-a (r = 0,438;
p = 0,006), inaekcom HOMA-IR (r = 0,557; p = 0,0008).

MepcnekTUBM NoganbLMX 4OCHiAXKeHb NoNsAraoTb
Y BU3HAYeHHi AiarHOCTUYHOI iHGhOPMATUBHOCTI BMICTY
LIMTOKIHIB | MOKa3HWKIB OPCTKOCTI apTepianbHOi CTiHKM
ANS NPOorHo3yBaHHs nepebiry HeanKkoronbHOI X1POBOT
XBOPOOW NeviHkm.
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MeTa po60TH — BU3HAYNTU BNIMB KMIHIYHUX | FEHETUMHWX YMHHUKIB HA CTabINbHICTb aHTMKOArynsuii BapdhaprHoM y XBOpUX
i3 hibpunsuieto nepeacepab (Pr1) npoTarom poky.

Marepianu Ta meToau. Y gocnimkeHHs 3anyumnu 60 xsopux i3 P sikom 70,50 (64,25; 76,25) poky (32 4onosiku, 28 XiHOK).
Moka3HuKmM koarynorpamu 3 po3paxyHkoM Mi>kHapOAHOTO HOpMari3oBaHoro BigHoLleHHs (MHB) BusHayanu Ha anaparti Coag
Chrome 3003 wwomicaLs; BcTaHoBMoBany 6anv 3a wkanamm CHA, DS -VASC, HAS-BLED, SAMe-TT2R2; TTR o64ucniosany
3a meTogom Rosendaal et al.

Monimopdiamm reHis CYP2C9, CYP4F2, VKORC1 B13Ha4anu 3a JONOMOro noniMepasHoi NaHLIoroBoi peakii 3 BUkopuc-
TaHHam Tepmoumkrnepa CFX-96 (BioRad).

Pesyniratu. Megianm TTR y rpynax xsopux i3 6anom 3a wkanoto SAMe-TT2R2 <2 (n = 33) Ta 22 (n = 27) BiporigHo He Bia-
pisHsanucs (74 % i 68 % signosigHo, p > 0,05). Y rpyni 3 nporHo3osBaHum nabinsHum MHB 3apeecTpysanu 4OCTOBIpHO GinbLuy
KinbKiCTb XBOPUX 3i 3HauYeHHsM TTR <70 % (59,36 % npotu 30,30 %; x?=5,07, p < 0,05). OujHka 3a wkanoto SAMe-TT2R2
22 nigsuLLyBana pusvk HesagosinbHoro koHTponto MHB y 1,96 pasa (Cl 1,05-3,63). Bsaemoss’sazok TTR i3 nonimopdpiamamu
reHiB CYP2C9, CYP4F2 ta VKORC1 He BusiBunu.

Enisonu HagmipHoi rinokoarynauii (MHB >4) npotsirom poky 3adikcyBanv y 24 (40 %) xsopux. HagmipHa rinokoarynsiuis
BipOriHO YacTile po3BuBanacs B Hociis nonimopdHoro anens AreHa VKORC1 nopieHsHO 3 avikum reHotunom G/G (51,43 %
npoti 24,00 %; x2=4,57, p < 0,05). HasiBHicTb MyTaHTHOrO anensi AreHa VKORC1 nigsuLLyBana puank BAHUKHEHHS HaOMIpHOT
rinokoarynsuii B 2,14 pasa (RR = 2,14; Cl 1,06-4,69).

I3 KNiHiYHMX hakTOpIB BipOriAHWIA BNAMB Ha PO3BWUTOK HAZMIPHOI rinokoarynsauii Mano npuiiMaHHs amiogapoHy (x2= 3,13,
p < 0,05) 3 BigHOCHWUM pu3ukom RR = 1,83 (CI 1,01-3,35).

BucHoBku. OuiHioBaHHs 3a Wwkanoto SAMe-TT2R2 moxe Oyt KOpMCHUM nig, Yac NPOrHO3yBaHHS HE3aA0BINbHOTO KOHTPOMHO
MHB, a Bu3HayeHHst nonimMopdpiamie reHa VKORC1 — po3suTKy enisoaiB HaaMipHoi rinokoarynsuii. [Ans 3'acyBaHHs NoTeH-
LinHOI eheKTMBHOCTI Ta 6e3nevHoCTi Tepanii BapghapuHOM HEOOXIZAHE KOMMMEKCHE OLHIOBAHHS 3 BUKOPUCTAHHSAM KIiHIYHUX
i FEHETUYHUX METOfIB.

The influence of clinical and genetic factors on the stability of
warfarin’s anticoagulant effect in patients with atrial fibrillation

Ya. M. Mykhailovskyi

The aim. To investigate the influence of clinical and genetic factors on the stability of warfarin’s anticoagulant effect in patients
with atrial fibrillation (AF) during the year.

Materials and methods. The study involved 60 patients with AF, age 70.50 (64.25; 76.25) years (32 men and 28 women).
Coagulogram indexes with International Normalized Ratio (INR) were determined using Coag Chrome 3003 monthly;
the CHA,DS,-VASC, HAS-BLED, SAMe-TT2R2 scales scores were evaluated; the calculation of TTR was performed using
the Rosendaal method. CYP2C9, CYP4F2, VKORC1 genes polymorphisms were determined using multiplex real time poly-
merase chain reaction in CFX-96 thermocycler (BioRad).

Results. Median TTR in groups of patients with SAMe-TT2R2 score <2 (n = 33) and =2 (n = 27) did not differ significantly
(74 % versus 68 % respectively, P > 0.05). There were significantly more patients with TTR <70 % in the group with predicted
labile INR (59.36 % versus 30.30 %; x?=5.07, P < 0.05). SAMe-TT2R2 score 22 increased the risk of poor INR control by
1.96 times (Cl 1.05-3.63). No association of TTR with CYP2C9, CYP4F2 and VKORC1 gene polymorphisms was found.

Episodes of excessive hypocoagulation (INR >4) were detected in 21 (40 %) patients during the year. Excessive hypocoa-
gulation was significantly more common in patients carrying the allele A of the VKORC1 gene in comparison with non-carriers
(51.43 % versus 24.00 %; x?=4.57, P < 0.05). The presence of mutant allele A was associated with 2.14-fold higher risk of
excessive hypocoagulation (RR = 2.14; Cl 1.06-4.69).

Taking amiodarone (x? = 3.13; P < 0.05) had a significant effect on the development of excessive hypocoagulation with a
relative risk RR = 1.83 (Cl 1.01-3.35).

Conclusions. SAMe-TT2R2 score can be useful to predict poor INR control, while VKORC1 genotype estimating — to predict
excessive hypocoagulation episodes. An integrated approach using clinical and genetic methods is needed to determine
the potential efficacy and safety of warfarin therapy.
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Mpenapat BUGOPY AN NpocinakTukK ilemivyHoro Ta6nuus 1. LLkana SAMe-TT2R2

iHCYNBTY Ta cucTeMHux embonin npu gibpunauii nepea-

cepab (®I) — nepopanbHi aHTUKOArynsiHTK, 30Kpema _m

BapchapuH (BO), skuin 3aNnILAETHCS A0BONI BXUBAHUM S Sex, female  Xiova crat !

npenapaTom y peanbHiit KniiuHii npaktiwi [1]. A Age <60 . .
Mpu3aHadatoun BO, criif, BpaxoByBaTH, LLO 100 Tepa- Me m:g'f;' ;;Tg%:;%lmi??ﬁ'ﬁ?;;:f:;;;& gs’ap” !

NeBTMYHa [03a LUMPOKO Bapiloe. YWHHMKK, LLO BNnnBa- LiyKpOBWiA AiabeT, 3aXBOPIOBAHHS NEYiHKI/HUPOK)

10Tb Ha pexum Jo3yBaHHs BO, — Bik, cTaTth, Bara, JieTa, T Treatment Niku, W0 B3aemMopitoTh (HaNpUKnaz, amionapoH) 1

Bik meHLue Hix 60 pokis 1

NPUAMaHHS AesKUX MeOUKaMEHTIB, HasiBHICTb CYMyTHIX
3aXBOPIOBaHb, aKTUBHICTb (hepMeHTiB MeTaboniamy BiTa-
MiHy K i 6iotpaHcgopmaLii BO [2—4]. OcTaHHe 3anexuTb
BiZ iHOVBIZYanbHUX reHeTUYHIX 0COBNMBOCTEIA, 30KpEMa
nonimopdiamis reHis VKORC1, CYP2C9, CYP4F2 [5-7].
ToMy BCTaHOBNEHHS 1031 Ta MOHITOPWHT NiKyBaHHS 34inc-
HIOETLCS Nif, KOHTPOMNEM KOarynorpamu 3 BUHA4YEHHSIM
MiXXHapOQHOrO HOpMarni3oBaHoro BigHoweHHs (MHB).
3rigHO 3 cyyacHWMU pekoMeHAaLisMK, OnTUMAnbHUM
€ piseHb MHB y gianasoni 2,0-3,0, wo nokasye 6anaHc
MiHIManbHWX pU3WKIB iHCYNBTY Ta remoparin [1]. Y pasi
3HWXKEHHS LIbOro nokasHuka <2,0 3pocTae puank TpoM-
60emMbonivHMX nogiji, a Npu niguLLeHH >3,0 — 3HaYHUX
kpoBoTey [8,9].

3a pekomeHpaauismm ESC 2020, nokasHukom agek-
BATHOCTi aHTUKOArynsLji nig 4ac 3aCTOCyBaHHS aHTaroHiCc-
TiB BiTamiHy K € TTR (time in therapeutic range, %) —vac
nepebyeaHHs MHB y uinsoBomy gianasoHi. Mpw nigrpu-
MaHHi TTR >70 % BapdhapuH € Tak camo eHeKTUBHUM,
AK | NpsAMI NepoparsibHi aHTUMKoarynsaHTX B Npodinaktuui
iHCYIBTY, X04a | Mae AeLLo BinbLuy YacToTy reMoparivyHmX
ycKknafHeHb MopiBHAHO 3 anikcabaHoM i gabiratpaHom,
ane He 3 pusopakcobaHom [10]. Mpu TTR <65 % puank
iHCynbTy Ta cuctemHoi embonii 3pocTae y 2,6 pasa,
3Hay4HoI kpoBoTedi — B 1,5 pasa, cmMepTi Bif YCiX NPUYMH
—Y 2,4 pa3a nopiBHAHO 3 BiAMNOBIAHNMM MOKa3HUKaMu B
pasi TTR 265 % [11]. KoxHe nigeuweHHa TTR Ha 10 %
KOPEentoe 3i 3MEHLLIEHHAM YacTOTU CUCTEMHUX TPOMOO-
emboninn Ha 0,32 % 3a nauieHTo-pik. Ane TTR He Mae
iCTOTHOrO BNAMBY Ha BUHUKHEHHS kpoBoTed [12]. binblue
MPOTrHOCTMYHE 3HAYEHHS LLOZI0 reMOopariii MatoTb enisoam
niasuweHHs MHB >4 (enisoaw HagMipHoT rinokoarynsiii)
[13]. [inst ouiHIOBaHHS MOXITMBOTO HEAOCATHEHHS CTabinb-
HOCTi aHTMKOarynsuii HalyacTile 3aCTOCOBYHOTb LKAy
SAMe-TT2R2 [14].

Y ¢haxosinn nitepatypi HaBefeHO Cynepeynusi AaHi
LLOAO BNAMUBY reHeTUYHKX noniMopdiamis Ha TTR. Mpo-
THOCTUYHE 3HaueHHs! inaekcy SAMe-TT2R2 3anuiwaeTbest
anckytabensHum [15-17]. 3B’a30k enisofiB HagMipHOT
rinokoarynsiuii 3 reHeTM4YHUMK nonimopdiamamm gocni-
[DKEHO NepeBaxHO B iHiLianbHWA nepiog Tepanii, a npu
TpMBanoMy nikyBaHHi BiH BUBYEHWUI HEAOCTATHBO.

Merta po6otu

Br3HaumT BNAMB KNIHIYHMX | TEHETUYHUX YMHHUKIB Ha
CTabinbHICTb aHTUKoarynsLii BapdapuHoOM Yy XBOpUX i3
ibpunsuieto nepeacepab NPOTATOM POKY.

Marepiaau i MeToAU AOCAIAKEHHA

Y pocnimkeHHs 3anyumniu 60 xeopux i3 PI1 pisHoi eTionorii
Bikom 70,5 (64,25; 76,25) poky (32 4onosiku, 28 XiHOK).
MavieHTn nepebyBanu nig cnocTepEXXeHHsIM B aHTHKOA-
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T Tobacco use  KypiHHs
R, Race Paca (HeeponeoigHa)

AT: apTepianbHa rineptensis; IXC: iwemiyHa xsopoba cepuisi; AMIAHK: atepocknepos
nepuepuyHUX apTepiii KiHLiBOK; XCH: XpoHiuHa cepLieBa HeOCTaTHICTb.

rynsHTHOMY KabiHeTi Ha 6a3i HHML| «YHiBepcuTeTchka
kninika» 30MY npotsarom 1 poky. BapcapuH npusHaya-
nu BIANOBIAHO O YMHHOTO ANrOpPUTMY BCTAHOBMEHHS
iHOMBIOYyanbHOI 103K 3 JOCArHEHHSAM LiifbOBMX 3HAY€Hb
MHB. lMpotarom nepiogy cnoctepexeHHs piseHs MHB
nicns BU3HAYEHHS1 1031 Npenaparty KoHTponoBanu 1
pas Ha 4 TWXHI.

3a XBOPMMM BCTAHOBWIIN NaTPOHAX i3 MOXIIUBICTIO
OTPUMAaHHS KOHCYNbTaTUBHOI AOMOMOMM AUCTaHLINHO.
BigomocTi Npo KoXHOro XBOPOro BHOCUNY B €MEKTPOHHY
6a3y naHux (peectp). MNauieHTam HagaBany AeTanbHi pe-
KOMeHZaLlii LLoao AieTh Ta cnocoby XuTTS, 0cobnmBoCTEN
KOHTpOsto fo3v BO. [lnsaiiH JOCNIMKEHHS Y3rOmKeHO 3
komicieto 3 nuTaHb GioeTnku 3OMY.

Kputepii 3anyyeHHs B JOCTiMKeHHS — BepudikoBaHa
ibprnsuis nepeacepab, HAABHICTb MMCLMOBOI IHOPMO-
BaHOI 3roau Ha yJacTb. Kputepil BUKMo4eHHs — npoTe3oBa-
Hi KnanaHu cepus, Bagm cepLs, TSKKI NOpyLLIEHHS doYHKLT
HVUPOK i MEYiHKW, TOCTPWIA KOPOHAPHUIA CUHAPOM, FOCTpI
MOpYLUEHHSI MO3KOBOTO KPOBOOGIry, OHKOMOriYHi Ta rema-
TOMOriYHi 3aXBOPIOBAHHS, MCUXIYHI MOPYLLIEHHS, IHGEKLT.

KniHiyHun giarHo3 O BCTaHOBMOBANM 3riaHO 3 PEKO-
meHaavismu ESC (2020 poky) [1]. XBopux ob6cTexmnm 3a
3aranbHONPUIAHATAMY CTaHAapTamu. [NokasHuk Koarymno-
rpammn 3 po3paxyHKOM MiXXHapOAHOMO HOPMari3oBaHOro
BiJHOLLEHHS BCTaHOBIOBanNM Ha anapati Coag Chrome
3003, ouiHtoBanu pusnk TPOMB0eMOOMiIYHMX NoAin 3a
wkanot CHA2DS2-VASC i py3uk KpoBOTEY 3a LUKasoH
HAS-BLED.

3HayeHHs TTR obumcntoBany 3a metogom Rosendaal
et al. [18], pesynbrar HaBedeHo y Biacotkax. [ns BCix
XBOpMX pospaxysanu 6an 3a wkanotw SAMe-TT2R2
BIZNOBIAHO 10 opwriHanbHoro mxepena [14]. PakTopu, Wwo
BKINoYeHi B Wkany SAMe-TT2R, HaBeneHi B mabnuyi 1.

Monimopdpiam renis CYP2C9, CYP4F2, VKORC1 y
XBOpWX i3 1 BU3HA4anM y Bigaini MONEKynspHO-TeHeTUY-
HUX JOCMimKeHb HaBYaANbHOTO MeauKo-nabopaTopHOro
ueHTpy 3AMY 3a gonomorot noniMepasHoi NaHLLroBoi
peakuii B Tepmoupknepi CFX-96 (BioRad) 3 dornyopec-
LIEHTHOK CXEMOK AeTeKUii cTaHaapTHUMKU Habopamm
peareHTiB 32 METOAVMKOI, L0 OMMcaHa B MOMEPEenHix
po6otax [19].

CTtaTtuctuyHo pdaHi onpauytoBanu 3a Ao-
nomoroto nporpamu Statistica 13.0 (StatSoft Inc.,
Ne JPZ8041382130ARCN10-J). HopmanbHicTb po3-
noAiny 3MiHHWX NepeBipsnn 3a 4ONOMOroK KPUTEPItO
Lanipo-Binka. 3anexHo Big TNy po3noginy AaHi HaBe-
[eHo sk M + m (cepepHe apudmeTyHe + cTaHgapTHa
rnoxvbka cepenHbLOro apudmeTudHoro) abo Me (Q,; Q,,)
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Hemae l' 19
myTauji

10 15

20 25 30

m HagmipHa
rinokoarynsuis

o bes HagmipHoi
rinokoarynsuii

35 40

Puc. 1. Baaemoss’sisok nonimopcpiamy reHa VKORC1-1639 (G/A) 3 po3BUTKOM HaaMipHOI rinoko-
arynauii Ha Tni aHTMKkoarynsHTHoi Tepanii BO.

Tabnuus 2. KniHiyHa xapakTepucTika XBOpUX, SiKi BKIKOYeHi B AocrimxeHHs (n = 60)

MNMoka3sHuk, n (%), M£m,
OAVHULI BUMipIOBaHHA Me (Q,; Q)

Bik, pokiB
YoroBiku / xiHKku

lweMiyHWi iHcynbT / cucTemHi embonii B aHaMHesi

ApTepianbHa rinepTeHais

IXC (rocTpwit kKopoHapHWit CMHAPOM B aHamHesi abo cTabinbHa

CcTeHokapais)

XpoHiYHa cepLeBa HeaoCTaTHICTb
LlykpoBuii piabet /nopyLueHHs rnikemii HaTLLe
XpoHiyHe 06CTPYKTVBHE 3aXBOPIOBAHHS NereHb

THOTIOHOKYPIHHSA
Tepanis amiogapoHoM
Tepania ctaTuHamm

CepepHiit 6an 3a wkanoto CHA2DS2-VASc
CepepHiit 6an 3a wkanoto HAS-BLED

CepepHii 6an 3a wkanoto SAMe-TT2R2

Mepgiana TTR, %
Megiana nosu B, mr

68,20 + 1,20
32/28

12 (20,00 %)
56 (93,33 %)
19 (31,67 %)

40 (66,67 %)

12 (20,00 %)
1(1,67 %)
5(8,33 %)
11(18,33 %)

51 (85,00 %)
343+0,18
220+0,13

1,37 0,10
72,00 (60,00; 79,50)
5,00 (3,75; 6,25)

Ta6bnuus 3. Baaemo3s’sa30k TTR i3 KNiHIYHMMU Ta FeHETUMHUMU YUHHUKAMW Y XBOPUX

i3 @I Ha TNni aHTVKoarynsHTHoI Tepanii B

Tpynu

SAMe-TT2R2 <2
SAMe-TT2R2 22
VKORC1, € myTauis
VKORC1, Hemae myTauii
CYP4F2, € myTauis
CYP4F2, Hemae myTauii
CYP2C9*2, € myTaujs
CYP2C9*2, Hemae myTauii
CYP2C9*3, € myTauis

CYP2C9*3, Hemae myTaLlii

3aranbHa
KinbKicTb

XBOPUX

33

27

35

25

20

40

46

MegiaHa
TR

74,00
(63,50; 81,50) %
68,00
(58,00; 75,00) %
70,01
(58,00; 77,22) %
73,10
(64,50; 80,50) %
71,00
(60,50; 82,50) %
72,50
(59,30; 79,50) %
73,50
(63,80; 84,25) %
70,00
(58,80; 77,25) %
75,50
(66,80; 82,00) %
70,50
(59,30; 79,50) %

Kinbkictb

XBOPUX

i3 He3aAOBINbHUM

KOHTponem

10 (30,30 %) X2=5,07,
p<0,05

16 (59,26 %)

17 (48,57 %) ¥2=0,94,
p>0,05

9 (36,00 %)

9 (45,00 %) x2= 0,008,
p>0,05

17 (42,50 %)

4 (28,57 %) ¥2=0,93,
p>0,05

22 (47,83 %)

2 (25,00 %) X2=0,55,
p>0,05

24 (46,15 %)

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

(mepniaHa, 251 75 nepueHTuni). BiporigHicTb BigMiHHOCTEN
OLjHIOBanM 3a gonomoroto t-kputepito CTbtoneHTa abo He-
napameTpuyHoro U-kputepito MaHHa—BiTHi 4ns Hesanex-
HUX BMOIPOK, BpaxoBytoun po3nodin gaHux. Mixrpynosi
BiAMIHHOCTI SIKICHWX O3HaK OLHIOBanM 3 BUKOPUCTAHHSAM
kpuTepito X2 MipcoHa (npu Manii BuGipLi — 3 nonpaBkoro
Vetca). [nst BU3HAUEHHS CTyMEeHs BINBY NEBHOTO YUHHU-
Ka Ha NaTonoriyHi NopyLIEHHs BUKOPUCTANu po3paxyHoK
BigHOCHOro puanky (RR) 3 Bu3HayeHHsm 95 % posipyoro
iHTepsany (CI). BigMiHHOCTi BBaXanm BiporigHUMK Npu
PiBHi CTaTUCTUYHOI 3HadyLLocTi p < 0,05.

PesyAbTatn

KniHiyHa xapakTepucTvka XBopux HaBefeHa B mabnuyj 2.

3a gaHuMK, WO HaeeaeHi B mabnuyi 2, ocHoBa
KoropTu — xBopi 3 ®I1 BUCOKOTO TPOMOOTUYHOTO PU3VIKY,
cepeaHin 6an 3a wkanoto CHA2DS2-VASC - 3,43+ 0,18.
Lle 3ymMOBMEHO BUCOKOK 4YaCTOTO HAsiBHOCTi OCHOBHMX
CEpLEBO-CYAMHHUX 3aXBOpoBaHb. Tak, apTepianbHy
rinepTen3ito BusiBum B 93,3 % XBOPUX, iLUEMIYHY XBOPODY
cepusi — B 31,7 %, XpOHi4Hy cepLeBy HeOCTaTHICTb — Y
66,7 % nauieHTiB. lNopyLueHHs BYrneBOAHOTO O6MIHY
manu 20,0 % XBopuX.

CepegHiit 6an 3a wkanoto HAS-BLED ctaHoBuB
2,20 £ 0,13, 3a wkanoto SAMe-TT2R2 - 1,37 £ 0,10.
Megpiana nosu BO craHosuna 5,00 (3,75; 6,25) mr. Me-
piana TTR — 72,00 (60,00; 79,50) %. 3HaveHHs noHag,
70 % 3adpikcoBaHo y 34 xBopwux i3 ®I1. I3 npenapartis,
L0 BNnMBakoTh Ha meTaboniam B, 11 (18,33 %) xBopux
npuimManm amiogapoH, 51 (85,00 %) — ctatuHu.

BcraHoBneHo, wo mediann TTR y rpynax xBopux
i3 6anom 3a wkanot SAMe-TT2R2 <2 (n = 33) Ta 22
(n=27) BiporigHo He BigpisHanucs (74 % i 68 % signosia-
Ho, p > 0,05). Y rpyni 3 nporHo3oBaHumM nabinsHum MHB
3apeecTpyBanu BiporigHoO BinbLie XBOPUX 3i 3HAYEHHSAM
TTR <70 % (59,36 % npotu 30,30 %,; x*>=5,07, p < 0,05).
OuiHka 3a wkanotw SAMe-TT2R2 >2 nigsuulyBana
pU3nK He3aaoBiNbHOro koHTponto MHB y 1,96 pasa (Cl
1,05-3,63). Baaemo3s'a3ok TTR i3 nonimopdiamamm rexis
CYP2C9, CYP4F2 ta VKORC1 He BusiBunu (mabn. 3).

Enisogu HagmipHoi rinokoarynauii (MHB >4) npots-
rom poky 3acpikcyBanm y 24 (40 %) xsopux. OuiHka 3a
wkanoto HAS-BLED y xsopux 3 enisogamu HagMipHoi
rinokoarynsuii Ta 6e3 Hux BiporigHO He BigpisHsanacs
(p > 0,05). BcraHoBMnK, Wo HaaMipHa rinokoarynsuis
BIpOriAHO YacTille po3BMBanacs y rpyri XBOpKX-HOCIiB
nonimopcHoro anenst A reHa VKORC1 nopiBHsIHO 3 au-
kum reHotunom G/G (51,43 % npotu 24,00 %; x?=4,57,
p < 0,05) (puc. 7). HaaBHiCTb MyTaHTHOrO anens A reHa
VKORC1 nigBuLyyBana puauk BUHUKHEHHS HaaMIipHOT
rinokoarynauii y 2,14 pasa (RR = 2,14; Cl 1,06-4,69).
B3aemo3p’'asok reHotunis CYP2C9, CYP4F2 3 enisopamu
HaAMIpHOI rinokoarynaLii He BUSBUNN.

Cepeq kniHiYHMX (haKTOpIB, LLIO MaKTb 3B'A30K i3 YyT-
NUBICTIO A0 BapdapuHy, BipOrigHWA BNIMB HA PO3BUTOK
HaAMIpHOI rinokoarynsii Mano npuiMaHHs amiogapory
(%= 3,13, p < 0,05) 3 BigHOCHUM pu3mkom RR = 1,83
(ClI 1,01-3,35). He BcTaHOBMMM B3aEMO3B'A30K iHLLUMX
KniHiYHWX haKTopiB, SK-OT BiK, CTaTb, 3piCT, Bara, KOMOp-
GigHICTb, NPUIMaHHA CTaTUHIB, i3 PO3BUTKOM HaAMIPHOT
rinokoarynsii.
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3rigHo 3 pesynbTratamm HaLLOro AOCHIIKEHHS, OLiHKa 3a
wkanoto SAMe-TT2R2 22 acouinoBaHa 3 He3af0BiMNb-
HUM koHTpornem MHB, xo4a i He BnnvBana Ha cepeaHin
TTR y rpyni. Y gocTynHin caxosin nitepatypi Hemae
OfHOCTaNHOI AYMKU LWOA0 NPOrHOCTUYHOI poni uiel
wkanu. MetaaHanis 2018 poky [15], wo Bknouns 16
[ocCnimkeHb, NiaTBEpAMB NnepenbaqyBanbHy 3HavyLLiCcTb
iHaekcy SAMe-TT2R2 wono HepocarHeHHs: agekBaTHoOl
aHTukoarynauii. Y gocnimpxkenHi SPORTIF, sike Bkntovano
3665 naujieHTiB, nokasaHo: wkana SAMe-TT2R2 gana
3MOry BUSIBUTM NaLlieHTIB i3 GinbLUO IMOBIPHICTIO JOCAT-
HEHH$1 cy6oNTYManbHOMO aHTUKOArynNsIHTHOTO KOHTPOMO
3i 36iNbLIEHHAM YacToTK TpoMBGoemGonivHKx nogin [20].
Mopsg i3 TUM Y HW3LI JOCTiMKeHb NOKa3aHo BiACYTHICTb
BnnvBy iHaekcy SAMe-TT2R2 Ha nporHo3 y xBopux i3 @I,
HE3BaAXato4M Ha MOXNMBICTb NependadYnT HEKOMMITAEHT-
HUX nauieHTiB [16,21]. Ane Taka BigMiHHICTb MOXe ByTu
MOSICHEHA PI3HO BIKOBOK CTPYKTYPOLO TPYMNM XBOPWX, Y
YaCTWHi BUMaaKiB — PO3MipOM BUOBIpKY.

B iHwux metaaHanisax [21-23] nokasaHo, WO
oLiHtoBaHHSA 3a wkanoto SAMe-TT2R2 nonomarano Bu-
SIBUTW NALIEHTIB i3 BUCOKOH IMOBIPHICTIO HE3a40BINBLHOMO
koHTponto MHB, ane mMano HW3bky NPOrHOCTUYHY 34aT-
HICTb. Y OCRIIKEHHI KOPEMCHKUX BYEHNX HE BU3HAYMNN
3B’A30K MiX OLiHKOIO 3a Wkanot SAMe-TT2R2 i nabinb-
HUM MHB [24]. Ane Takuii pesynbstaT MOXHa NOSICHUTY
iHLLIOH ETHIYHO CTPYKTYPOIO NALYiEHTIB, LU0 Bpanu y4acTb
y gocnipkerHi. OTxe, xo4a NpeankTopHa ponb LKanm
SAMe-TT2R2 y nepenbadyeHHi He3a40BINBHOIO KOHTPOIHO
MHB i, sik Hacnigok, TpomGoemboniyHMxX nogin 3anuwa-
€TbCS AMCKYyTabenbHO, Halli pesynsrati 3aranoM He
cynepeyaTtb JaHWUM iHLUMX JOCTifKeHb | MeTaaHani3iB.

HwHi HamaratloTbCs NOMINLWMUTM AiarHOCTUYHY LiHHICTb
wkanv SAMe-TT2R2. MpunyckatoTb, LLIO KpaLLia TOHYHICTb
OLliHIOBaHHS! CTabiNBLHOCTI @HTMKOArynALii MOXIMBa, SKLLO
BUKOPWCTOBYBATY AaHi WOAO reHOTUNIB, ki BNNMBaOTh
Ha eheKTVBHICTb Tepanii BapdapnHoM. Are Mu He BU-
SIBUINW 3HAYYLLIOro B3aEMO3B 3Ky MyTaLin reHis CYP2C9,
CYP4F2 i VKORC1 si 3Ha4yeHHam TTR. Lle gewwo cyne-
peymnTb pesynsratam okpemmux AocnimkeHb. Tak, y poboTi
M. Da Silveira et al. nokasaHo: reHotunn CYP2C9*3 (AA)
i VKORC1-1639 (GG) acouinoBaHi 3 ripLUMM aHTUKOAry-
NSHTHUM KOHTponeM [25]. Y gocnimkerHi Jane Skov et
al. BusiIBNEHUN 38’30k CTAbINbHOCTI aHTUKoarynsuii 3
BapiaHTHUMM reHoTMnamn CYP2C9 i VKORC1 [26]. Ane
iHLLI OCTQHWKN HE BUSIBUNW CYTTEBOTO BNMBY FrEHETWY-
HuXx nonimopdiamie Ha TTR, wo 36iraeTbcs 3 HaWKMMK
pesynsratamu [27,28].

BapiaTviBHiCTb pe3ynbraTiB MOXHa NOSICHUTU €THIY-
HUMK 0COBNMBOCTAMM Ta po3biXHOCTAMU B AiETi navji-
€HTIB. 3HaYEHHS! reHeTUYHO AeTEPMIHOBAHOI LLIBUAKOCTI
06MiHy BiTamiHy Ky cTabinbHOCTi aHTMKOarynsiLii icToTHO
3MEHLLYETLCSA, SKLLO NavieHT JoOpe NpoiHCTPYKTOBaHMIA
LLOAO NpaBwn Xxap4oBoi MOBEAIHKM Mig Yac NpUUMaHHS
BapapyHy Ta SKLO 3AIACHIOETLCA CMOCTEPEXEHHS B
YMOBAX aHTUKOArynsiHTHOrO KabiHeTy.

OpnwH i3 HaMBaXNMBILLKX (haKTOPIB PU3KKY KPOBOTEM,
Ha AymKy 6aratbox aBTOpiB, — piBeHb koarynsuii. Y go-
cnimkenHi SPIRIT nokasaHo: pu3ank BUHUKHEHHS BHYTPILL-
HbOYepernHoro KpoeoBUNMBY 36inbLuyeTbes B 1,37 pasa
Ha KoxHe nepesuLeHHss MHB Ha 0,5 oauHuui GinbLue 3a
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TepanesTUYHWUI fiana3oH [29]. Bnnme KNiHiYHUX | reHeTny-
HUX YNHHVIKIB Ha PO3BUTOK €Ni30AiB HaAMIpHOT kKoarynsvii
nig Yac Tpueanoi Tepanii B Bne4eHO HegocTaTHLO. Y
pocnipxerHi Yun Kyung Park et al. Takuii B3aEmMo3B’s130K
He BCTaHOBUM [24]. Po36iXHOCTI 3 HALWIMM OOCRImMKEH-
HSIM MOXHa MOSICHATU Pi3HOK PACO0 MaLlieHTiB. 3B'A30K
nonimopgiamy reHa VKORC1 3 enisogamv HagMipHOi
rinokoarynsLii TEOPeTUYHO MOXe NPU3BECTM A0 GinbLLOT
4acTOTW PO3BUTKY KPOBOTEY Y XBOPUX i3 MyTaHTHUM
reHoTunoM. Lle TBepmxeHHs y3rogXyeTbcs 3 HallMmm
nonepeaHimMu pesynsratamu: nonimopdism reHa VKORCA
NoB’sI3aHWI i3 NiABWLLEHOK YacCTOTO reMopariyHmx
yCKnagHeHb 3 BiGHOCHUM puankom 2,14 [30].

BucHoBKHM

1.Y xBopux i3 ®I1, siki MatoTb 6an 3a Wwkanoto SAMe-
TT2R2 22, cnocTepiraroTb 36irbLUEHHS YaCTOTH peecTpa-
uii 3HaueHHst TTR <70 % sk kpuTepito HecTabinbHOCTI
aHTukoarynauii (x2= 2,35, p < 0,05). Baaemo3e’sizok TTR
i3 nonimopcpismamu rexis CYP2C9, CYP4F2 i VKORC1
HE BUSIBUNN.

2. HagmipHa rinokoarynsiis BiporigHo YacTiLLe po3Bu-
Banacs y rpyni Xsopyx-Hociis nonimopcHoro anens AreHa
VKORC1 nopigHsiHO 3 aukum reHotunom G/G (x?=4,57,
p < 0,05). HasisHicTb MyTaHTHOrO anens A reHa VKORC1
NiABULLYE PU3VK BUHUKHEHHS HAAMIPHOI rinokoarynaii y
2,14 pa3a (RR =2,14; Cl 1,06—4,69). I3 kniHi4H1X chakTopiB
BipOrigHWIA BNNMB Ha PO3BUTOK HAZAMIPHOI rinokoarynsii
maro npuiManHs amiogapoHy (x2= 3,13, p < 0,05) 3 Bin-
HocHuM pusnkom RR = 1,83 (ClI 1,01-3,35).

3. OuiHroBaHHs 3a Lkanoto SAMe-TT2R2 moxe 6y
KOPWCHMM Mif, Yac NPOrHO3yBaHHS HE3840BIMBLHOMO KOHTPO-
o MHB, a BuaHayeHHs nonimopdiamis reHa VKORC1 —
pO3BUTKY eni3oiB HaaMipHOI rinokoarynauii. Tomy ans
BU3HAYEHHSI NOTEHLUiHOT edbekTUBHOCTI Ta Ge3neYHoCTi
Tepanii BapchaprHom HeobXiaHe KOMMIEKCHE OLiHIOBaHHS!
3 BUKOPUCTAHHAM KNiHIYHUX | FeHETUYHUX METOLIB.

MepcnekTuBM NoganbLUKMX AOCHiMKeHb NONAraloTh
Yy NOPIBHSIHHI CTabiNbHOCTI aHTUKOArynsLii BapapnHoOMm
Y XBOPWX 3 eMMIPUYHUM i (hapMaKoreHETUYHUM METOI0M
BU3HAYEHHS JO3N.
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i3 t0BeHinbHMUM igionatnyHum aptputoM (KOIA) | CUCTEMHUM YEPBOHM BOBYAKOM.

Matepianu Ta metoau. O6CTEXMNM 72 NiANITKIB i3 peBMaTnyHUMK 3axBoproBaHHamM (P3) Bikom 10-18 (13,11 + 0,89) pokis;
58 pisyart i 14 xnonuis. Mpyna KOHTponto — 46 300poBMX MiANiTKB 3icTaBHOro Biky (14,73 + 0,32 poky); 29 iB4at i 17 xnonuis.
Ycim XxBOpUM 3qiACHWNM ynbTpa3BykoBe AocnimkeHHs cepus Ha anapaTi LOGIO V2 General Electric (CLUA). inst BU3Ha4eHHs!
TONEePaHTHOCTI 0 MiHIMarbHOro (hi3YHOrO HAaBaHTaXXEHHS BUKOHAMM TECT LLECTUXBUIMHHOI xoabbu (TLLX). o TecTy Ta nicns
11010 3aBEpLLEHHS MPOTArOM NEPLLOI XBUAMMHY BiAHOBIIOBANLHOTO Nepioay nigpaxysanu 4acToTy cepLeBmx ckopoyeHs (YCC),
BUMIpANY apTepianbHuii TUCK, po3paxysanu iHaekc Anrosepa (IA). MNpoiiaeHy AUCTaHLiK BUMIPSIM B METpax.

Pesyniratu. Betanosuny, wo B nignitkis i3 P3 BinbyBaeTbea BiporiaHe 3HmxeHHs dpakuii Bukvay ($PB) npasoro wwnyHouka
(ML) Ha Tni icToTHOrO 3binbLUeHHs yaapHoro o6’emy (YO) Ta xBunuHHoro ob’emy kposoobiry (XOK) ML, wo cynpoBomxy-
€TbCA BULWMMYK 3Ha4YeHHAMM YCC. Y nauieHTiB 3 KOIA BM3Hauunm BiporigHo meHLwy OB o6ox LwnyHoukiB cepus Ha Tni fo-
CTOBIpHO BULWLMX 3HaYeHb YCC, a Takox 3HvkeHi YO niBoro wwnyHouka (ML) Ta XOKnw; YOnw ta XOKnw 6ynu BiporiaHo
BULLMMU. AHani3ytoum nokasHuky TLLUX, BusBunn: gucTaHuis BiporiaHo MeHwa B nigniTkie i3 P3, a Biacotok npupocty YCC
nicns Tecty — BinblumiA. IHaekc Anrosepa BiporigHo Buwmin ao TLLUX, icToTHO nigBuLwmMBCS nicns TecTy. Y nigniTkie i3 HA3b-
koto @B cnocTepirany gocToipHe 3HkeHHs YOnw i XOKnw Ha Tni BiporigHo Hwkyoi YCC, ane IA nicns TLUX 3Havywyo
BULLINIA.

BucHoBku. Y nignitkie i3 P3 Ha Tni 30epeeHHs cUCTOMIYHOT dOyHKLT MIBOTO LLMYHOYKA BUSIBUIN 3HWKEHHS CUCTOMIYHOT
dyHKUiT NpaBoro wnyHouka cepus, 36inbweHHs YOnw ta XOKnw Ha tni nigsuwerHs YCC. TonepaHTHICTb A0 (idnyHoro
HaBaHTaxeHHs 36epiranacs B Mexax HopMarnbHUX 3Ha4eHb BHACNIAOK CYTTEBOTO MiABULLEHHS aKTUBHOCTI CUCTEM perynsLii.
Mpy 3HWXEHHI CMCTONIYHOT (OYHKLIIT NPaBOro LUMNYHOYKA, WO NPOrpecye, BUSBUNM 3HWKEHHS NOMO YAAPHOTO Ta XBUIMHHOMO
00’eMiB; Lie MOXe BKasyBaTH Ha y4acTb iHLKUX CUCTEM perynsuii B aaeksaTHin NigTpyumui cucteMu KpoBoooiry.

Tolerance to exercise in adolescents with rheumatic diseases
taking into account systolic heart function

T. 0. Holovko, N. S. Shevchenko, L. F. Bohmat, V. V. Nikonova

Aim: to determine the systolic heart function and adaptive capabilities to physical activity in adolescents with juvenile idiopathic
arthritis and systemic lupus erythematosus.

Materials and methods. We examined 72 adolescents with RD at the age of 10-18 (13.11 £ 0.89) years, 58 were girls and
14 were boys. The control group consisted of 46 healthy adolescents of the corresponding age (14.73 + 0.32 years) and
gender (29 girls and 17 boys). An ultrasound examination of the heart using a General Electric LOGIO V2 apparatus (USA)
was performed for all patients. The six-minute walk test was performed to determine the tolerance to minimal physical activity.
Before the test and after completion during the first minute of the recovery period, heart rate was calculated, blood pressure
was measured and the Allgower’s index was calculated. The 6 minute walking distance was measured in meters.

Results. It was found that adolescents with RD had a significant decrease in EFrv against the background of a significant
increase in SVrv and MVCrv, which was accompanied by higher HR values. In patients with JIA, reliably lower EF of both
ventricles of the heart was established against the background of significantly higher heart rate values and a decrease in SVIv
and MVCly, while SVrv and MVCrv were significantly higher. When analyzing BMWT indicators, the distance was significantly
shorter in adolescents with RD, and the percentage of increase in heart rate after the test was higher. Allgower’s index was
significantly higher before SBMWT and significantly increased after the test. In adolescents with low EFrv, there was a significant
decrease in SVrv and MVCrv against the background of significantly low HR values, but the Allgower’s index after 6MWT
was significantly higher.

Conclusions. In adolescents with RD, while the systolic function of the left ventricle is preserved, there is a decrease in
the systolic function of the right ventricle of the heart, an increase in SVrv and MVCrv on the background of an increase in
heart rate. Tolerance to physical activity remains within normal limits due to a significant increase in the activity of regulatory
systems. With a progressive decrease in the systolic function of the right ventricle, a decrease in its stroke and minute vo-
lumes was established, which may indicate the participation of other regulatory systems in adequate support of the circulatory
system.
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PeBMaTnyHi 3axBOPIOBaHHS — OfHA 3 HaaKTyanbHiLLKX,
HalBaXNUBILLNX MEANYHUX | coLianbHO-€KOHOMIYHMX
npobnem. [1o0 OCHOBHUX NPUYMH 3HVKEHHS SKOCTI XUTTS
Ta CMEpTHOCTI NaLIEHTIB i3 peBMaTUYHUMI 3aXBOPIOBAH-
HaMK (P3) HanexuTtb naTonoris cepueBo-CyaUHHOI CUC-
Temm (CCC) i3 possuTkom cepLeBoi HegocTarHocTi (CH)
[1-3]. BignosigHo go dyHKuioHanLHoI knacudikauii CH
Hito-Mopkeskoi acoviiaLii cepuist (NYHA), ocHoBHi iarHoc-
TWYHI NOKa3HWKW cybkniHiyHoi CH — cy6’ekTrBHI BiguyTTS
nauieHTa: 3afyxa nig Yac (isn4HOro HaBaHTAXEHHs Ta
HEMOXIMBICTb BUKOHYBATM LLIOAEHHY (ianyHy poboTy [4].

[nsa xBopwux NigniTKOBOro Biky Ta MONOAMX JOPOCHNX
TaKi Ckapru YacTillie 3a BCE He XapaKTepHi, iX BUSBNSAOTb
TiNbKK Mig Yac akTUBHOTO ONUTYBaHHSA Ha NpUIUOMI B
nikaps. Tomy Ansa giarHoCTUkM paHHix nopyeHs CCC
y nauieHTiB i3 P3 y LipoMy BiKOBOMY nepiogi BaXnvBoro
3Ha4yeHHs1 HabyBae OLHIOBaHHS TOMEPaHTHOCTI A0 MiHi-
ManbHOro (hi3U4HOTO HaBaHTaXEHHs 3a pe3ynsratamu
Pi3HMX HaBaHTaXyBanbHWX Npob [5].

OcTaHHIM Yacom NS BUPILLEHHS WX 3aBAaHb Luu-
POKO BMKOPUCTOBYKOTb TECT LUECTUXBUITMHHOI X04b0u
(TLLX). Bin npocTuin y BUKOHaHHI, He noTpebye aopaTko-
BOro obrnagHaHHs. 3a pesynsratamy Lboro TeCTy MOXHa
po3paxyBaTy kifbka KoeqiLliEHTIB, LLIO AaK0Tb 3MOTY OLiHM-
TW He TiNbKV TONepPaHTHICTb oprariamy A0 (isn4HOro Ha-
BaHTa)XeHHs, ane i aganTauiiiHi moxnmeocTi CCC [6,7].

[ns ouiHOBaHHSA NOKa3HUKIB YHKLii cucTemm
KpOBOOGiry BMKOPUCTOBYHOTb TaKOX iHAEKC AnroBepa.
B pasi HeBigknagHuX CTaHiB Oro po3paxoByoTb AN
BU3HAYEHHS CTYNeHs KPOBOBTPATY Ta LUOKY, TOMY 10ro
Ha3nBalThb Le WokoBuM iHaekcoMm [8,9]. MMigBuLeHHs
LIbOrO MOKa3HMKa Npu XPOHIYHWX 3aXBOPIOBAHHSIX BKA3ye
Ha 30iMbLUEHHS CepLEBOro BUKMAY BHACIIAOK Taxikapaii,
a HeraTvBHe 3Ha4eHHs — Ha aediunT kpoBoobiry [10].

[louinbH1M BBaXaeMO BUSIBNEHHS! HAMBINbLL paHHIX
03HaK NOpYLLEeHb AiSNbHOCTI CEPLEBO-CYANHHOI CUCTEMM
y nigniTkis i3 P3.

Merta pobotu

BusHaunty cuctoniyHy dyHkuUilo cepus 1 aganTuBHi
MOXIMBOCTi A0 (Pi3UYHOTO HaBAHTAXEHHS Y MiamMiTKiB
i3 OBEHINbHUM iZioNaTUYHUM apTPUTOM i CUCTEMHUM
YEPBOHNM BOBYAKOM.

Martepianu i meToAU AOCAIAKEHHA

O6crexwnu 72 nigniTkie i3 P3: 51 XxBopuin Ha 0BEHINBHUIA
inionatnaHui aptput (FOIA), 21 nauieHT i3 cucTeMHUM
yepBoHUM BoBdakoMm (CYUB). Bik obetexennx — 10-18
(13,11 £ 0,89) pokis, 58 (80,5 %) pis4at i 14 (19,5 %)
xnonuis. Mpyna koHTpomto — 46 300poBKX NiAMITKIB, 3i-
CcTaBHi 3a BikoMm (14,73 + 0,32 poky); 29 (63,1 %) aiB4at
i 17 (36,9 %) xnonujg.

KniHiyHi giarHo3n BCTaHOBWUNM Ha MiACTaBi KpuTe-
piiB, HaBeeHNX y HOPMaTUBHUX OOKYMEHTax: Hakasi
MinicTepcta oxopoHu 3gopos’s Ykpaihm Ne 676 «[Mpo
3aTBEPIKEHHS MPOTOKOMIB HaAaHHA MeAUYHOT JOMOMO-
m 3a cneuianbHicTio «Pesmatonoris» Big 12.10.2006
poKy; Hakasi MinicTepcTBa OXOpPOHM 340POB'S YKpaiHu
Ne 832 «[Mpo 3aTBepmMKEHHS YHIPIKOBAHOTO KMiHIYHOMO
NPOTOKOMY MEAWYHOI AOMOMOrY AiTAM, XBOPUM Ha

Matonorisi. Tom 19, Ne 1(54), ciueHb — kBiTeHb 2022 p.

OpwuriHaAbHI AOCAIAKEHHSA

t0BEHinbHUI apTpuT» Bi 22.10.2012 poky Ans BCTaHOB-
neHHs piarHosy FOIA. KopuctyBanucs giarHOCTUYHUMU
KPUTEPISIMM CUCTEMHOTO YEPBOHOTO BoBYaka (Systemic
Lupus International Collaborating Clinics SLICC, 2012),
pekomeHaaLiaMn ameprkaHcbkol Konerii peBmatonoris
(ACR) 1997 poky.

Kputepii 3anyyeHHs B focnimkeHHs — Bik Big 10 4o 18
pOKiB; nikyBaHHs 6a3ucHUMKM NpenapaTtamu, TpUBanicTb
AKOro CTaHOBWIAa He MeHLUEe Hix 12 micsuiB; aiarHocTo-
BaHUI igionaTWyHWiA apTpuT i3 cyrno6oBot hopmoto
3aXBOPIOBAHHSI.

KpuTepii BUKMIOYEHHS! — MONOALLMIA BiK, BiACYTHICTb
Tepanii abo ii TpuBanicTb MeHLe Hix 1 pik, HasBHICTb
iHLIMX 3aXBOPIOBaHb CyrnobiB (iHEKLINHOro, eHOOKPUH-
HOTO YY1 1ECTPYKTUBHOIO MOXOMKEHHS).

YCim XBOPYM 34iNCHANN yNBTPa3ByKOBE AOCIDKEHHS
cepust (ExoKT") Ha anaparti LOGIO V2 General Electric
(CWA), patumkom 3Sc-RS B M- i B-pexumax. ExoKI
BUKOHYBanu B CTaHi CMOKOK B FOPU3OHTaSIbHOMY MO-
NOXeHHI. BusHayanu dpakuito Bukugy 0box LLTyHOUKIB
(®Bnw, ®Bnw), ixHin ygapHun (YOnw, YOnw) i xsu-
nHHUIA (XOKnw, XOKnw) ob’emu, YacToTy cepLeBux
ckopoyeHb (UCC).

[ns BU3HAYEHHSA TONEPaHTHOCTI 0 MiHiMasibHOro
hian4HOro HaBaHTaXeHHs y NigniTkie i3 P3 3aiicHunm Tect
LUECTUXBUMWMHHOI x0Ab0K; YMOBM — B NEpLLUiii NOMOBUHI
[OHS B KOpMZOPI CTaUiOHApHOrO BiAAiNeHHs, JOBXMHA
SIKOro cTaHoBwna 58,6 Metpa. [Ins KoXHOro navieHTa Tect
npoBoann oamH pas. MNepen Tectom AiTn Bynun y cTaHi
CrOKO NPOTSroM 3 XBUMMH. OBMEKEHD LLIOA0 XapyyBaH-
HS Ta LUKIONIMBUX 3BUYOK (KyPiHHS, ankoronb, BXWBaHHS
HapKOTMYHMX 3acobiB) B obcTexxeHnx He Bymo. TecT
BifOyBaBCs B iHAVBIAYaNbHOMY MaKCUMAarbHO LLBUAKOMY
TeMmni (YHuKakoum nosiBy GOnbOBKX BiAYYTTIB, 3a4MLLKY,
M’s130BOi BTOMM ab0 BaXKOCTi B HOrax, 3anamopoYeHHs,
cnabkocTi), Wwo 3abe3neyye NPOXOMKEHHS MaLieHTOM
MaKcuMarbHOi AUCTaHLii npoTsroM 6 xBunuH. MponaeHy
[VCTaHLil0 BUMIPIOBan B METPaX.

Bigctexysanu guHamiky KniHIYHOrO ctaHy nauieH-
Ta nepep novatkoMm i nicns npo6u, peectpytoun YCC,
apTepianbHuii TMck (AT), a nnicnsa 3aBepLUeHHs TeCTy
po3paxoByBanu BiacoTok npupocty YCC npu MiHimarnb-
HoMYy ghisnyHOMyY HaBaHTaxeHHi (% npupocty YCC). YCC
nigpaxoByBany B NONOXEHHi cuasymn npotsarom 15 cekyHa,
BUKOPUCTOBYIOUM CekyHAOMIp. AT Takox BUMIpIoBanu B
MONOXEHHI CUASAYM 3 MAHXETKOO Ha NiBi BEPXHIN KiHLBL
3a metozom KopotkoBa, 3actocysanu anapat Microlife
AG1-20. Micnga npobw nigpaxosysanu YCC i BumiptoBa-
nm AT nNpoTArom nepLuiol XBUAMHK BigHOBHOBASIbLHOTO
nepioay [6,7,11].

IHpekc Anroeepa (IA) pospaxoByBanu Ao Ta nicns
TWX 3a dopmynoto: IA=YCC / CAT, ge YCC —uvacTota
CepLeBrX CKOpOYeHb (KiMbKIiCTb yAapiB 3a XBUMWHY),
CAT — cucToniyHuiA apTepianbHUi TUCK (MM pT. CT.). |A —
TOrIOBHUI NPOrHOCTUYHUI NOKa3HWK KPOBOOGIry, B HOPMI
ctaHoBuTb 0,5-0,7. MNigBULLEHHSA NOKa3HUKa BKasye Ha
30iNbLUEHHS! CUCTOMIYHOTO BUKUAY, 3HWXKEHHSI — Ha BU-
HUKHEHHS AediumnTy KpoBonocTadaHHs [8,10].

CraTucTn4HO pesynsTaTy onpaLoBanu 3a 4onoMo-
roto nakeTa npuknagHux nporpam SPSS17 (niuenais Ne
4a2180844250981ae3dae-s/nSPSS17). Ha nepwomy
eTani pospaxyBanu CepefHio apupMeTUYHY BENUUUHY
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Ta6nuus 1. MNoka3HUKM CUCTOMIMHOT PYHKLT cepLs Ta TeCTy LECTUXBUIMHHOT
xofbby B NaLieHTiB i3 peBMaTUYHUMI 3aXBOPIOBAHHSIMU MOPIBHSIHO 3 MigniTkamu
rpynu koHTponio, M + m, Me (Q,;; Q)

Moka3Huk, MauienTn 3 P3, MigniTkn rpynu koHTpons,
OAMHULI BUMipIOBaHHA n=72 n =46

®Bnw, %
YOnuw, mn/xs
XOKnuw, n/xs
®Bnw, %
YOnw, mn/xs
XOKnw, n/xs
YCC, ya./xs
1A po TWX

IA nicns TLUX

Bincotok npupocty YCC, %

[ucTaHuis, M

66,89 £ 0,61 69,02 0,78

65,92 (63,30; 68,92)’ 68,50 (64,40; 72,30)
52,35+1,76 61,49 + 2,41

52,23 (43,75; 63,60) 59,32 (48,91; 72,50)
4254032 3,92+0,19

3,86 (3,34:4,62)" 3,71 (3,06; 4,37)
4334 £1,70 58,51+ 1,77

45,06 (35,20; 49,04)? 59,05 (53,35; 66,35)
13,22 +1,31 7,93 40,47

14,21 (9,48; 17 44)? 7,67 (5,77, 9,50)
1,48 +0,10 0,51£0,03

1,05 (0,74; 1,34 0,48 (0,39; 0,63)
78,34 £ 1,49 66,61+ 1,65

80,00 (68,50; 86,50) 65,00 (58,50; 73,00)
0,79 40,02 0,69 £ 0,02

0,77 (0,68; 0,87) 0,65 (0,59; 0,80)
0,99 £ 0,02 0,87 0,03

0,97 (0,88; 1,85) 0,85 (0,74; 0,97)
32,78 42,52 24,54 + 2,02

30,00 (20,45; 37,93) 25,49 (16,67; 32,14)
489,29 47,52 516,61 + 8,74

485,83 (443,10; 524,70)'

511,61 (480,00; 539,28)

1 p<0,01; 2 p < 0,001 - BiporigHiCTb BiAMIHHOCTEl NOKA3HWKIB Y MIANITKIB i3 peBMaTU4HUMM
3aXBOPIOBAHHSIMY Ta rPYMU KOHTPOTHO.

Tabnuus 2. Moka3H1K1 CMCTOMIYHOI (OyHKLIT CepLst Ta TECTY WECTUXBUIUHHOT

xo4bbu y NipNiTKIB i3 CUCTEMHUM YEPBOHUM BOBYAKOM i OBEHINBbHUM iZionaTuyHUM

aptputom, M + m, Me(Q,; Q)

MNMokasHuk,

oAuHULi
BUMipIOBaHHA

®Bnw, %

YOnw, mn/xs
XOKnuw, n/xs
®Bnw, %
YOnw, mn/xs
XOKnw, n/xe
YCC, ya./x8
IA po TWX
IA nicns TWX
Bincotok

npupocty YCC, %
[uncraHuis, m

MNignitku 3i CYB, Mignitku 3 OIA, NigniTkn
n=21 n=>51 rPYNU KOHTpOns,

n =46
68,07 + 1,42 66,86 + 0,74 69,02 10,78
67,00 (3,30; 69,50) 66,02 (63,66; 68,80)° 68,50 (64,40;72,30)
51,97 + 2,86 51,07 £ 2,60 61,49+ 2,41
52,00 (43,39; 61,40) 51,50 (38,40; 63,66)' 59,33 (48,91, 72,50)
4,99 + 1,05 3,26+0,17 3,92+0,19
3,98 (2,89; 4,76) 3,17 (2,57; 3,67)'* 3,71 (3,06; 4,37)
47,52 +4,08 41,27 £2,42 58,51+ 1,77
48,65 (41,60;49,51)" 42,61 (32,62; 49,13)? 59,05 (53,35; 66,35)
11,98 + 2,83 10,92 +1,64 7,93+0,48
13,72 (11,36; 15,31 9,99 (7,91; 16,33)? 7,67 (5,77; 9,50)
1,02 £ 0,86 0,89+0,13 0,51+0,03
1,20 (0,86; 1,34y 0,92 (0,67; 1,19) 0,48 (0,39; 0,63)
81,29 + 2,68 77,58 2,11 66,61+ 1,65
82,00 (74,00; 88,00)> 80,00 (68,00; 86,00)? 65,00 (58,50; 73,00)
0,76 + 0,04 0,80 + 0,02 0,69 0,02
0,77 (0,64; 0,84) 0,78 (0,70; 0,86) 0,65 (0,59; 0,80)
0,99 + 0,03 0,99+0,03 0,87 +0,03
0,96 (0,89; 1,11)" 0,99 (0,87; 1,08)? 0,85 (0,74; 0,97)
36,68 + 4,02 33,20 £ 3,34 24,54 + 2,02
33,30 (25,00; 47,00)> 28,25 (17,62; 41,17) 25,49 (16,67; 32,14)
476,08 + 11,56, 480,98 492,64 + 8,79 516,61+ 8,74

(422,68; 495 55)'

485,83 (451,82; 524,70)'

511,61 (480,98; 539,28)

1 p<0,01,2p<0,001, % p < 0,05 - BiporigHicTb BiMIHHOCTEN NOKa3HWKIB y NiANITKIB
i3 peBMaTUYHMMM 3aXBOPIOBAHHAMM Ta rpynu KOHTponio; *: p < 0,01 — BiporigHicTb BigMiHHOCTEN
NOKa3HUKIB Yy AiTei i3 CUCTEMHUM YePBOHUM BOBYAKOM MOPIBHSHO 3 MaLlieHTaMy 3 0BEHINbHUM

igionaTu4YHUM apTpUTOM.

Ta il cTaHgapTHY NOMWIIKY, MeAiaHy; BU3HAYUNN BEPX-
Hil | HWXKHIV KBapTUAi 4Ns BCIX MNOKa3HWKIB. [Moka3HuMKu
NOPIBHAMKM 3 BiAMNOBIAHUMMW OaHWMK NiANITKIB rpynu
KOHTpOn0. Ha gpyromy etani pospaxyBanu NokasHuku
ansa xsopux Ha FOIA i CYB okpemo, nopiBHamu 3 Big-
MOBIAHWMM MapameTpamm rpynu KOHTPOIIO, @ TaKoX
MiX rpynamm XBopux. Ha ocTaHHbOMY eTani OuiHWK
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napameTpu AisnbHOCTI cepus nigniTkis i3 P3, ®Bnw
AKUX 3HAXOAMIACh Y Mexax HUXHBOro kBapTuns. Po3pa-
XyBanu cepeHio apuMeTUYHY BENMYUHY, CTaHLAPTHY
MOMUIKY, MefiaHy, MiHiManbHe Ta MakcumanbHe 3Ha-
YEHHS KOXHOro nokasHuka. MopiBHANM 3 BiANOBIAHUMU
napameTpamu nignitkie is P3, ®BnLw skux 3Haxogunacs
y Mexax BepXHbOro kKBapTuns. Po3BiXHOCTI Mk cepepHi-
MM NpY HOPManbHOMY PO3MOAifi MOKa3HMKIB OLiHI0BaM
napameTpuyHumm (kputepin t CtblogeHTa, KyToBOro
nepeTBOpeHHs Pilepa) MeTogamu; Npy BiOXUNEHHi Big
3aKOHY HOPMarbHOTO PO3NOAiNy — HemapameTPUYHNMK
(BinkokcoHa, MaHHa—-BiTHI) MeTogamn matemaTtuyHoi
CTaTUCTUKN.

Pe3yabTatu

Ha nepLuomy etani gocnigpxeHHs npoaHanisysant OCHOB-
Hi Noka3Hukm cepud (3a ganumu Y3[) i pesynstatu TLLX
AiTei i3 P3 nopiBHAHO 3 nokasHWkamu MigniTkiB rpynu
KoHTpono (mabr. 1).

3a gaHumu, Wwo HaeegdeHi B mabauui 1, y nignitkie
i3 P3 BinbyBaeTbca BiporigHe 3HWxeHHs ®Bnw Ha Tni
ictotHoro migsuiieHHs YOnw Tta noro XOK, wo cynpo-
BOZKYETLCS BULLMMM 3Ha4YeHHamn YCC.

Binbuwictb (89 %) navieHTiB aHi nepen TECTOM, aHi
micnst Noro 3aBepLUeHHst He Manu ckapr, 11 % ocib ckap-
KMMNCS Ha He3HaYHWUI Binb y cyrmobax, ane aanw sroy Ha
yyacTb. TecT y noBHOMY 06cs3i npoiLLIny Bei nignitku. Mic-
nsaTecty B 11 % obcTexeHnx 3bepiranucs boni B cyrnobax,
11 % navieHTiB CkapXMnncs Ha 3apuLLKY, 7,5 % — Ha BTOMY.

[OwucraHuis, wo npongexHa nauieHtamu i3 P3 nig yac
TLUX, BiporigHO KOPOTLLA; Y LX XBOPUX BUSBUMN BipO-
rigHo Ginbwwi npupict YCC Ta iHoekc Anroeepa [o Ta
nicns Tecty (mabn. 1).

Ha gpyromy eTani nopiBHANM NOKa3HWKV CUCTOMIYHOI
yHKkuUii cepus Ta pesynsrat TLLUX okpemo xBopumx Ha
CYB Ta KOIA 3 nokasHukamu nigniTkie rpyny KOHTPOIHO
(mabn. 2).

Y nauienTiB 3 KOIA Bu3Haumnu BiporigHo Hwxdy $B
i nioro, i NpaBoro LUyHouKiB. Lie cynpoBogxyBanoch
BiporigHo BULLMM 3HaveHHAMK YCC i 3HMxeHHAM YOnL,
1oro XOK; YO ta XOK npaBoro LuyHOYKa BiporigHO BULL
MOPIBHSIHO 3 rPyMNoK KOHTpORto (mabr. 2).

Y xBopux Ha CYB nokasHukm ®Bnw, noro YO Ta
XOK He BigpisHsanmMcs Bif BignoBigHUX NOKa3HUKIB rpynu
KoHTponto. ®Bnw y umx nauieHTiB BiporigHO HWk4a, a
YOnuw i XOKnww BiporigHo Buwwi (mabn. 2).

3a pesyneratamu TLUX, guctaHuis Gyna siporigHo
MEHLLO B MigniTkiB sk i3 CYB, Tak i 3 KOIA nopisHsHO
3 Tpyno KOHTPOMto, a BigcoTok npupocty YCC nicns
TecTy 6yB Ginbwum (mabn. 2). Ingekc Anroeepa Bipo-
rigHo Buwmi y xsopux Ha tOIA Ta CHB go TLUX, ictoTHO
nigBMLLYBaBCA NiCNS NOro 3aBepLUEHHS.

[NopiBHABLUM NOKA3HWKX CUCTOMIYHOT OyHKLIT cepus
nauieHTiB i3 KOIA Ta xBopux Ha CYB, BusiBnu: BiporiaHO
HWKYMM ByB nuwe pieHb XOKIL, iHLWI NOKasHWKK He
BigpisHAnucs (mabr. 2).

[wucTaHuia, nogonanHa 3a 6 xsunuH, i npupict YCCy
BIZNOBIZb HA HABAHTAXEHHS Y XBOpUX Ha FOIA Takox He
BiOPI3HANMCS Bif NoKasHwWkiB nauieHTis i3 CHB (mabn. 2).

B 11 nauienTiB i3 P3 nokasHuku ®Bnw sHaxogunucs
B MeXaXx HWKHLOrO KBapTurs (Q,). Y Lo rpyny BBIALLN
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4 xsopux Ha CYB i 7 nauienTis i3 FOIA (10 gigyart i 1 xno-
neupb). Y rpyny NopiBHSHHS BKIOYMnK 12 ocib: 5 xBopux
Ha CYB, 7 nauienTis i3 FOIA, ®Bnw skux 3Haxoaunack y
Mexax BEPXHLOro kBapTuns (mabs. 3).

Y nigniTkie i3 HU3bkoro OB, KpiM BIPOriAHO HXKYOTO
LIbOro NokasHuKa, BCTaHOBWNM BipOrigHe 3HMKEHHS YO
i noro XOK Ha Tni gocTosipHo HWx4oi YCC, ane IA nicns
TLWX BiporigHo BuLwwiA (mabn. 3).

06roBopeHHA

Ha piBeHb cMepTHOCTI B nonynsLii xsopux Ha P3 cyTTeBo
Brnnueae nepegycim naronoria CCC. 3a gaHumu Hay-
KOBOI MiTepaTypu, pU3nK PO3BUTKY XPOHIYHOI cepLieBoi
HenocTaTHOCTI B nauieHTiB i3 P3 B 1,7 pasa BULLWIA, HiX Y
3arasnbHiv nonynsii [12—14]. XpoHivyHe aBToiMyHHe 3ana-
NEHHS — OfMH i3 NPOBIAHWX (OAKTOPIB PU3NKY BUHUKHEHHS
CepLeBo-CyaMHHNX nopyLeHb npu P3, ockinbku mae
NPSIMWIA TOKCUYHWIA BMIIMB Ha KapAioMioLnTL, MIKpOCy-
LVHHE pYCIo, EKCTPALENONAPHUA MaTPUKC, MPUCKOPHOE
pemMoAentoBaHHs Miokapaa Ta CpUYMHSAE PO3BUTOK 10T0
iLemii. 3acTocyBaHHS Y LIMX XBOPWX JOBOM arpecyBHIX
METOAIB NiKyBaHHA ANSt AOCATHEHHS! HEAKTUBHOTO CTaHy
(pemicii) nosutmeHo BnnmBae CCC i gae amory 3anobirtu
PO3BUTKY eHaoTeNianbHOI AMCKYHKLIT Ta NporpecyBaHHIo
arepoTtpombosy [15-17].

CKpWHIHrOBMIA METOA, OL|iHIOBaHHS! (PYHKLIIOHAMNBHOTO
CTaHy Miokapga — exokapgiorpadis, nig Yac skoi BUMi-
pioloTb (hpakLito BUKMAY, YAAPHUIA i XBUMMHHWA 06’eMU
KpoBi. HaiyacTille B pyTWHHIN NpakTuLi AOCHIAXYOTb
CTaH NiBOro LUNYHOYKa CepLs, a NpaBui 3anuLuaeTbes
He OLiHEHMM, X04a OCTaHHIM YacoM NigTBepAXeHa oro
BaXMNWBa pPorb y NPOrHo3yBaHHi cTabinbHOro gyHKLi-
oHyBaHHs CCC [4,18,19]. Y 6araTbox AOCMIAKEHHSX
y mopocnux i3 P3 BUABMNN 3HWKEHHS pyHKLiT niBoro
LUMYHOYKa Cepus Ta PO3BUTOK CYBKMIHIYHOI cepLesoi
HEO0CTaTHOCTI, 0COBNMMBO B MaLEHTIB i3 NepCUCTEHLiE
HaBiTb CyOKMiHIYHOI aKTUBHOCTI 3anarnbHOro npoLecy, abo
y XBOpMX, ki B3arani He oTpumyBanu Tepanito [18,19].

CepueBa HeOCTaTHICTb Ha paHHiX eTanax He Mae
BUpa3HMX KNiHIYHWMX NposBiB, TOMY il HanyacTiwe He
giarHocTtytotb. [ns CH xapaktepHe 3HWKeHHs Torne-
PaHTHOCTI 4O MIHIManbHOro (i3N4YHOrO HaBaHTAXKEHHSI.
Tomy Ans paHHLOI AjiarHOCTUKM LUMPOKO BUKOPWUCTOBYHOTH
TECT LWECTUXBUIMHHOI X0ab0W, SKUI Jae 3MOry OLHUTK
TOMEPAHTHICTb OpraHiaMy A0 MiHIManbHOro isnu4yHoro
HaBaHTaxeHHs [4,7].

[ns ouiHIOBaHHSA (OYHKLIIOHAMNBHOMO CTaHy CUCTEMM
kpoBoObiry 3acTOCOBYIOTb TakOX iHAekc Anroepa. Brep-
LLIe 10r0 BUKOPUCTanm B MEAULIVHI €KCTPEMAsbHIX CTaHIB
ANs BU3HaYeHHs cTyneHs Loky [8]. Misniwe uen iHoekc
novanum 3acTocoByBaTy Nif Yac OLiHIOBAHHSA afanTaLin-
HUx MmoxnmeocTei CCC y cnopTCMeHiB i Nioen Noxuioro
Biky 3 opTOneAryHoto natonorieto [11]. Voro nigsuiieHHs
CBigYMTb NPO 30iMNbLLEHHS CEpLIEBOrO BUKMAY B CMOPTC-
MEHIB Ta afieKBaTHY peakLito Ha (i3NYHe HaBaHTaXEHHS.
Y niogen i3 XpoHiYHMMM 3aXBOPIOBAHHSAMM NiABULLEHHS
LIbOro iHAEKCY BKadye Ha aKTWBaLjlo CUCTEM HENPOrymo-
panbHoi perynsuii B NigTpumMLi (pyHKLIOHYBaHHS CUCTEMM
kposoobiry. B pasi nporpecysanHs CH iHgekc Anroeepa
MOCTYMNOBO 3HUXYETHCS, @ SKLLO € KIiHi4YHi 03Haku, Haby-
Ba€ HeraTuBHOro 3HaveHHs [10,11].
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Tabnuus 3. MNokas3HUKM CUCTOMIYHOT PYHKLIT cepLs Ta TeCTy LWECTUXBUIMHHOI

OpwuriHaAbHI AOCAIAKEHHSA

xofbbu y NigniTkiB i3 peBMaTUYHUMM 3aXBOPKOBaHHSAMY Ta paKLieto BUKIY NpaBoro

LUTYHOYKA B MEXaX HUKHBOTO KBapTMs NMOPIBHSIHO 3 XBOPHUMM 3 (hpaKLier BUKMY

NpaBoro LUMyHOUKa B MEXax BepXHbOro kapTuns, M + m, Me (min; max)

Moka3Huk,

OAUHMLI BUMipIOBaHHA

Nignitkn 3 P3 i ®Bnw

y MeXax HUKHbOFO
kBapTuns, n = 11

Nignitkn 3 P3 i ®Bnw

y MeXax BepXHboro
KBapTuns, n = 12

®Bnw, % 66,19+ 1,25 64,05+0,78

66,46 (59,40; 71,62) 63,85 (60,20; 68,40)
YOnw, Mn/xs 55,42 + 4,14 52,97 + 2,90

52,60 (28,30; 78,91) 52,75 (30,02; 72,30)
XOKnw, n/xs 4,31+0,95 4,22+0,35

4,08 (2,86; 5,76) 4,27 (2,48, 7,37)
®Bnw, % 30,46 + 0,95 54,72 + 1,96

30,15 (25,18; 35,2)" 52,75 (49,04; 73,08)
YOnw, mn/xs 9,45 +2,29 15,63 £ 1,97

9,70 (4,56; 16,97) 14,80 (7,91; 30,39)
XOKnw, n/x8 0,73+0,17 1,34 £0,20

0,75 (0,36; 1,34)? 1,25 (0,67; 3,10)
YCC, ya./xB 78,09 + 2,87 84,17 £ 2,55

78,00 (62,00; 101,00) 83,00 (68,00; 102,00)
IA po TLWIX 0,82 +0,04 0,77 £ 0,06

0,79 (0,68; 1,16) 0,77 (0,54; 1,08)
IA nicns TWX 1,13+ 0,09 1,01 0,05

1,12 (0,75; 1,53)? 1,05(0,77; 1,19)
Biacotok npupocty YCC, % 42,90+ 9,18 45,79 + 9,07

32,00 (13,89; 104,55) 32,14 (10,00; 93,75)
[ncTaHuis, m 489,00 + 22,85 489,45 + 17,91

485,83 (408,10; 626,74)

480,98 (422,68; 597,58)

% p <0,001;2 p < 0,05 - BiporigHicTb BiAMIHHOCTEN NOKA3HWKIB Y NaLIIEHTIB i3 HU3bKoK PBL

MOPIBHSIHO 3 XBOPUMM HA PEBMATUYHI 3aXBOPIOBAHHS 3 HOPManbHO OBrL.

Y HawoMy AoCnimKeHHI BCTaHOBWMK: B AiTel i3 P3
BiOyBaETbCS NepenyciM 3HkeHHs Bnw npu 36epe-
XeHHi @Bnw, 0cobnmBo BUpaXeHi Li 3MiHW B NaLieHTiB 3
FOIA. Mpm 3HvkerHi DB roro YO Ta XOK sanuwwatotbes
[0BOMi BUCOKMMM Ha Tni nigsuleHHss YCC BHacnigok
aKTMBaLii HelporymopansHUX cucTem (cumnaro-agpe-
HaroBOI, PeHiH-aHrioTeH3VH-anbA0CTEPOHOBOI).

Mipnitkn i3 CYB, 3a pesynsratamu TLUX, nopiBHsAHO 3
KOHTPOILHOIO FPYMot NOAoManu HauMeHLLYy AUCTaHLHo,
ane npupict YCC y BiANoBiab Ha hi3nyHe HaBaHTaXXeHHS
Y HUX BiporiaHO BULWMIA. Lle CBigYMTb Npo iCTOTHE Hanpy-
XXEHHs1 cucTeM perynsuii B 3abeanedeHHi aaekBaTHOCTI
kpoBoobiry (LHC, ropmoHanbHa perynsuis).

Y pesynbrarti feTanbHoro aHanisy rpynu Xsopux i3
CyTTEBUM 3HWXeHHAM ®Bnw (Me = 30,15 %) BctaHo-
BUIN HaMHWxMI 3HaueHHs YOnw Tta XOKnww, BigcyTHiCTb
Taxikapaii; Le Moxe BKasyBaTW Ha 30BCIM iHLLWIA piBEHb
¢yHkuioHyBaHHs CCC i cuctem perynsii kposoobiry. [Mpo
Lie CBiOYMTb ANCTaHUis, WO npoiiaeHa nig vac TLWX i npu-
pict YCC, siki BiporigHO He Bipi3HAUCS Bia BignoBigHWX
NOKa3HUKIB NaLlieHTiB rpynv NOPIBHSHHS; iHAekc Anroeepa
nicns Tecty 6yB Havsuwmm (Me = 1,12, p < 0,05 npotu
Me = 1,05 rpynu NopiBHSHHS).

Otxe, B aiten i3 P3 Ha Tni 36epexeHoi cucToniy-
HOI (pyHKLiT NiBOro LWIMyHOYKa cnocTepirany iCTOTHe
3HVDKEHHS CMCTOMIYHOI (DYHKLi NpaBoro LUyHouYKa 3
MiABWLLEHHSIM OO YAAPHOrO Ta XBUIMHHOTO 00’eMiB,
ocobnmeo B nauieHTiB 3 KOIA. AganTuBHi MOXIMBOCTI
CepLUeBO-CYAMHHOI CUCTEMM LUX MigniTkiB 3anuwa-
I0TbCSA Mawke Ha PiBHI KOHTPOMbHOI PYNU BHACMIAOK
HanpyXeHHs cuctem perynsauii. Y pasi 3HWXKeHHS
¢hpakuii BUKMAY NpaBoro LMyHOYKa, L0 MPOrpecye,
0r0 yAapHWI i XBUNMUHHWIA 06’'EMW TakoX BipOrigHO
3HUXYIOTBCS Ta HE CYNPOBOOAXYIOTLCS Taxikappieto,
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a ue CBIigYATb MPO iHLWI WASXM KOMMEeHcalii cuctemu
KpoBoObiry B Lix NavieHTiB.

BucHOBKU

1. Y nigniTkis i3 peBMatU4HNMK 3aXBOPIOBAHHAMM
(FOBEHIMbHWI igioNaTUYHUIA aPTPUT | CUCTEMHIIA YEPBOHMI
BOBYaK) Ha Tri 30epexeHHst CUCTOMIYHOI dhyHKLT niBoro
LLIMYHOYKa CrIOCTepiratoTh 3HMXKEHHS CUCTONIYHOT (OYHKLT
NPaBoro LUyHouka cepus, 36inblueHHs YOnw i XOKnw
Ha TN NiABULLEHHS YaCcTOTU CEPLIEBUX CKOPOYEHb.

2. TonepaHTHICTb 0 (i3NYHOrO HaBaHTaXeHHS Y Mid-
TNITKIB i3 peBMaTU4HUMY 3aXBOPIOBAHHSIMM 30EpIraeThes B
Mexax HopMarbHVX 3Ha4eHb BHACMIQOK CYTTEBOrO NiaBM-
LLIEHHs1 aKTMBHOCTI cucTem perynsauii. Lle migTeepmkeHo
TECTOM LUECTUXBUIMHHOI X060V | BUCOKVMM 3HA4YEHHSIMM
iHoekcy AnroBepa nicns HaBaHTaXeHHS.

3. Tpu 3HWKEHHI CUCTOMIYHOIT PyHKLT MpaBoro Lumy-
HOUKa, LLIO MPOrpecye, BUSBUM 3HVKEHHS 1010 YAapHOTO
Ta XBUIIMHHOTO 06’EMIB; Lie MOXe BKasyBaTW Ha y4acTb
iHLLMX cMCTeM perynsuii B adekBaTHIi nigTpuMLI cuctemm
KpoBOOOiry.

MepcnekTBM noganbWUX AocNigAXeHb: J0Chi-
[DKEHHS MauieHTiB B AMHaMIL A5 BU3HAYEHHS PiBHS TO-
NEPaHTHOCTI 40 MiHIMarbHOO (Pi3NYHOTO HaBaHTaXEHHS
3aneXHO Bif TPMBANOCTI Teparii.
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The study aims to establish the appropriate parameters of UV excitation intensity and permanent excitation time on the pan-
creatic islets photobleaching, the ratio of the intensity of the useful signal in the region of interest to the intensity of nonspecific
background fluorescence.

Materials and methods. The pancreas of three adult Wistar rats was fixed in Bouin solution (20 hours) and poured into para-
plast after standard histological processing. The study was carried out on paraffin sections of the pancreas. The islets’ insulin
and glucagon were determined by immunofluorescence method using monoclonal antibodies (Santa Cruz Biotechnology). The
immunofluorescence reaction was studied using an Axiolmager-M2 fluorescent microscope. AxioVision digital image analysis
system was used for fluorescence imaging, and ImageJ 64-bit image analysis system was used for image quantification. 30
pancreatic islets with an area from 3000 um? to 5000 um? (8—-13 % of the frame area) were analyzed.

Results. Measurements carried out at constant values of hormone concentration in endocrinocytes showed a different es-
timate of the average fluorescence intensity for insulin and glucagon, which depended on the intensity of UV radiation. As
the intensity of UV radiation increased, the average fluorescence intensity in the region of interest for insulin and glucagon
increased, but when the camera exposure was corrected, it became almost the same. Regardless of this, the intensity of
nonspecific background fluorescence increased monotonically. The use of the ratio of the logarithms of the background
fluorescence of the drug and the fluorescence of endocrinocytes in the calculations gives a stable estimate of the relative
concentration of hormones, which does not depend on the intensity of the selected UV radiation regime, as well as on the du-
ration of UV irradiation of the drug. This makes it possible to neutralize the effect of photodynamic discoloration of the prepa-
ration caused by continuous irradiation. Methods for machine selection of the region of interest by various algorithms of the
ImageJ program lead to different estimates of its area, integral, and average fluorescence values. At the same time, the result
closest to the “ideal” interactive method of highlighting the area of interest for insulin and glucagon was shown by Otsu’s
algorithm.

Conclusions. Inimmunofluorescent examination of the pancreas, a moderate UV radiation mode should be selected, exposure
correction of the CCD camera before taking each frame, and the total time for examining the visual field of the sample should
be limited to 1-2 minutes. To highlight the area of interest for insulin and glucagon in automatic analysis, it is recommended
to use the Otsu algorithm. To obtain a quantitative estimate of the average fluorescence intensity in the region of interest,
it is recommended to use the ratio of the logarithms of the background fluorescence of the drug and endocrinocytes in the
calculations.

OnTtumi3auia GAyopecLeHTHOro AOCAIAKEHHA EHAOKPUHHOI YaCTUHU
NiALUAYHKOBOI 3aA034 3 BUKOPUCTAHHAM METOAIB MALUMHHOTO aHaAi3y

T. B. IBaHeHkKo, A. B. Abpamos

MeTta po6oTK — BCTAHOBUTW ONTUManbHi NapaMeTpy iHTEHCUBHOCTI, TPUBANocCTi 6e3nepepBHOr0 YO-BUNPOMIHIOBAHHSA Ha
doToanHamiyHe 3HebapBNEHHS [OCMIMKYBaHUX TKaHUH NiALWIYHKOBOI 3a5103u1, @ TaKoX Ha CMiBBIAHOLWEHHS! iIHTEHCUBHOCTI
KOPMCHOTO curHany B 30Hi AOCTIMKEHHS pryopecLeHLii Ta iIHTEHCUBHOCTI HecneumdivHoT ornyopecueHLii oHy.

Matepianu Ta meTogum. lMiaLunyHKoBy 3ano3dy Tpbox Aopocnux Lwypis niHii Wistar dikcyBanw B po3quHi Byexa (20 roguh) i 3a-
NVBanv B Napannact nicns cTaHaapTHOI ricTonoriyHoi 06pobku. [LoChimKeHHs 3aicHUMM Ha napadiHOBMX 3pidax MiaLLTyHKOBOI
3an03u, B SKVX iMyHO(yOpeCLEHTHAM METOLOM BU3HAYarnu iHCYIMiH i FMoKaroH y NaHkpeaTu4yH1X OCTPIBLIAX 3a JOMOMOrO0
aHTuTin BUpobHuuTBa Santa Cruz Biotechnology. Peakuito iMmyHodbnyopecLeHLii BuB4anu Ha mikpockoni Axiolmager-M2.
[na 3iiomku donyopecueHLii BUKOpUCTanu cuctemy aHanisy Luudposmx 3o0bpaxeHb AxioVision, a Ans KinbkiCHOro aHaniay
300paxeHHs — cucTemy aHanisy 306paxeHs Imaged. Mpoaranizysanu 30 naHkpeaTuyHKx ocTpiLis nnoweto 3000-5000 Mkm?
(8-13 % nnowi kagpa).

Pe3ynkraTi. BumiptoBaHHs, 30iNCHEHi Npy NOCTIMHUX BENWUYMHAX KOHLIEHTPALLii FOPMOHIB B €HOKPUHOLMTAX, NOKa3ani pisHy
OLjiHKY CepeaHbOi iIHTEHCUBHOCTI (onyopecLieHLT ANns iHCyniHY Ta rMoKaroHy, Lo 3anexana Bif iHTeHcuBHocTi YO papiauii.
3 nocunenHsm Aii Y pagiauii cepenHst iHTEHCUBHICTb cpriyopecLieHLii Ans iHCyniHy Ta rniokaroHy 36inbLuyBanack, ane
BHACMIOOK KOpeKLii ekcnoauLii kamepu cTaBana Maike OfHaKkoBO. HesanexHo Bif LbOro iHTEHCUBHICTb HecneundiYHoi
donyopecueHLii PoHy MOHOTOHHO 3pocTana. BukopucTtaHHsa B po3paxyHkax BigHOLWEHHS norapudmia dpriyopecLieHLii hoHy
npenapary Ta nyopecueHLji eHAOKPUHOLMTIB Aa€ CTilKy OLHKY BIGHOCHOI KOHLIEHTPAL,i FOPMOHIB, LU0 HEe 3anexuTb Bif,
iHTEHCMBHOCTi 0BpaHoro pexxumy YO pagiauii, a Takox Big TpuBanocTi Y onpoMiHeHHs npenapary. Lie aae amory Hisentosatu
echekT (hoToAMHaMIYHOrO 3HeGapBReHHs Npenapary, cnpuyiMHeHoro 6esnepepBHUM YO onpomiHeHHsM. MeToan MalLMHHOTO
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BUAINEHHA AiNSHKW iHTEpeCy pisHMMK anropuTMamu nporpamu Imaged AatoTb pisHy OLHKY ii oL, iHTerpanbHoi Ta cepeaHboi
BenuuuHU chnyopecueHuii. Pesynbrat, HabnkeHuin 4o «ifeansHoro» iHTepakTMBHOO cnocoby BUAINEHHS AiNsHKY iHTepecy

ANS iHCYIiHY Ta rIoKaroHy, nokasas MeTof, cermenTaLii Ouy.

BucHoBku. [Mig Yac imyHonyopecLeHTHOrO AOCTIAXEHHS NiALLTYHKOBOT 3a03u cnig 06mpatu nomipHuia pexxum YO pagiauii,
koperyeaTu ekcroauuito CCD kamepu nepen KOXXHAM KaZpoM, a 3aranbHui Yac AOCHIMKEHHS Nons 30py 3paska 0bmexuTn
1-2 xBunuHamu. [ns BUAINeHHs OinsiHkW AOCIMKEHHS iHCYIiHY Ta FMIOKaroHy nig yac aBToOMaTUYHOro aHanidy pekoMeHa0-
BaHO 3actocoByBaTn anroputm Ouy. [Ins oTpUMaHHs KinbKiCHOI OLiHKM CepeaHbOl iIHTEHCUBHOCTI chnyopecueHLii y cdepi
[OCTiIXeHHs! peKOMEeHO0BAHE BUKOPUCTaHHS! B po3paxyHKax BifHOLLEHHs norapudmis dnyopecueHLii hoHy npenapaty Ta

€HOOKPUHOLMTIB.

The analysis of optical signals in microscopy plays an im-
portant role in scientific research in biology and medicine
and in the diagnosis of human diseases. Among the many
modern optical microscopy techniques, immunofluores-
cence is a standard approach among researchers (micro-
scopists). Itis used to detect and assess expression levels
and localization of cellular proteins and other antigens in
cells, tissue, and extracellular matrix. The use of some
fluorophores in microscopy makes it possible to obtain
photoemission in different spectral ranges, and, therefore,
can be used to identify various cellular proteins synthe-
sized within the cell or for the differentiation of intracellular
organelles. To obtain accurate information in fluorescence
imaging of macromolecules, a thorough understanding of
the functional properties of fluorophores, optical imaging
systems, and the effects of light-fluorophore interaction is
required. The principles of fluorescence microscopy and
the current development of this technology can be found
in the review by S. Dunst & P. Tomancak [1], and various
systems for obtaining optical data and approaches to their
machine analysis are analyzed in the review by J. Fang
et al. [2]. However, there are many different reasons why
fluorescence imaging is sometimes not good enough to get
true data. Some of the most common factors that reduce
the quality of fluorescence imaging, as well as ways to
improve the quality of fluorescence images, are reviewed
by B. Herman [3], and J. W. Lichtman & J.-A. Conchello [4].

In the present study, we will analyze the factors set by
the microscopist and affecting the quality of fluorescence
imaging: the level of UV excitation intensity, the duration of
permanent UV radiation of the tissue during microscopy
(permanent excitation time), the role of photodynamic
bleaching on the intensity of the useful fluorescence signal
in the region of interest (ROI) and non-specific background
fluorescence (BG), and methods of machine-defined ROI.
As an object for research, we chose a pancreatic islet (islet
of Langerhans), which is characterized by the heterogene-
ity of the cell population in both humans and rodents, and
therefore is interesting for the study of multifluorescence.
The number of pancreatic islets in the pancreas, the as-
sessment of the pool of beta- and alpha-cells, as well as
the quantitative assessment of the insulin and glucagon
stores in pancreatic endocrinocytes, has an important
practical meaning for understanding the mechanisms
of pancreas endocrine function regulation, studying
the mechanisms of immunological autoaggression against
the islets, and their destruction in T1D (type 1 diabetes),
the formation of amyloid, fatty infiltration, fibrosis, and
inflammation (insulitis) in type 2 diabetes mellitus, as well
as to assess the functional reserve of endocrinocytes for
the creation of a bank of pancreatic organs and for their
subsequent transplantation [5,6].
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Aim

The study aims to establish the appropriate parameters
of UV excitation intensity and permanent excitation time
on the pancreatic islets photobleaching, the ratio of
the intensity of the useful signal in the region of interest
to the intensity of nonspecific background fluorescence.

Materials and methods

The pancreas of three adult Wistar rats was fixed in
Bouin solution (20 hours) and poured into paraplast
(McCormick, USA) after standard histological pro-
cessing. Serial histological slices of the pancreas 5
um thick were mounted on Superfrost™ Plus Micro-
scope Slides (Menzel-Glaser, Germany), dewaxed,
and unmasked in a citrate buffer solution (pH = 9.0) in
the PT-module (Thermo Scientific, USA). Insulin and
glucagon in pancreatic islets were detected by immu-
nofluorescence techniques using antibodies produced
by Santa Cruz Biotechnology (USA). Insulin Antibody
(2D11-H5) AlexaFluor® 546-conjugated with Glucagon
Antibody (K79bB10) FITC-conjugated were incubated in
dilution 1:200 (wet chamber, T = +4 °C, 24 hours). Then
slices were rinsed three times for 5 min in phosphate
buffer solution (pH = 7.4) and enclosed in UltraCruz™
Mounting Medium with DAPI (Santa Cruz Biotechnology,
USA) with cover glass (Menzel-Glaser, Germany).

Immunofluorescence was studied using the Axio-
Imager-M2 fluorescence microscope (Carl Zeiss, Ger-
many) with mercury vapor lamp UV-light source HXP-
120C (Leistungselektronik JENA GmbH, Germany),
objective EC Plan-Neofluar 40x/1.3 Oil (Carl Zeiss,
Germany), and the 14-bit digital monochrome camera Ax-
ioCam-HRm3 (Carl Zeiss, Germany). The high-emission
38HE filter (excitation 470/40 nm, beamsplitter 495 nm,
emission 525/50 nm; Carl Zeiss, Germany) were used
for glucagon detection, and the high-emission 43HE filter
(excitation 550/25 nm, beamsplitter 570 nm, emission
605/70 nm; Carl Zeiss, Germany) were used for insulin
detection. For fluorescent microscopy, we used Carl
Zeiss™ Immersol™ immersion oil 518F (Fisher Scientific,
Sweden). AxioVision Rel. 4.8.2 software (Carl Zeiss, Ger-
many) was used for fluorescence frames shooting, and
64-bitimage analysis system ImagedJ Version 2.1.0/1.53c
(an open-source under the GNU General Public License)
was used for quantitative analysis of the immunofluores-
cence reaction.

We used grayscale images (1388 x 1040 pix) for
quantitative analysis, on which the region of interest
(ROI) corresponds to insulin or glucagon fluorescence,
as well as the area of non-specific background fluores-
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Fig. 1. Apancreatic islet (islet
of Langerhans) of the adult
Wistar rat.

Fig. 2. Influence of excitation
intensity on the CCD camera
exposure duration during
shooting (A) and the mean
of fluorescence intensity
(B) in ROI and nonspecific
BG fluorescence for FITC
(filter set 38HE) and Alexa-
Fluor®546 (filter set 43HE)

. fluorochromes.
2000
1000
UV level UV level
T T 1 0 T T 1
min mod high max min mod high max
=== ROI (38HE) —— BG (38HE)
=O=38HE  =O= 43HE == ROI (43HE) ——— BG (43HE)

cence (BG) of the pancreatic slice, was selected by ma-
chine methods. Ten pancreatic islets from each animal
(n = 30) with an area from 3000 to 5000 pm? (8-13 %
of the frame area) were analyzed. Quantitative descrip-
tors of fluorescence such as Total Area, Mean, Mode,
Median, and Integrated density were measured using
ImageJ software. The data are presented as average
values of the measurement parameters of fluorescence
in Figs. 2-6 and Table 1.

Results

An example of a rat pancreatic islet is demonstrated
in Fig. 1. We studied the effects of the intensity of UV
radiation (excitation intensity), and the duration of radiation
on the parameters of shooting a fluorescent image and
on the quantitative characteristics of the fluorescence in
the selected region of interest (ROI).

Excitation intensity influence. Modern digital
CCD cameras have an auto-exposure mode for both
light microscopy and fluorescence studies. For a better
study of fluorescence, ultraviolet sources can adjust
the mode of radiation. So, the HXP-120C UV source

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

used by us allows using 4 modes, which visually differ
in the intensity of fluorescence in the field of view, and
which we conditionally called “minimum”, “moderate”,
“high” and “maximum”. When choosing the mode of UV
radiation intensity, the researcher must deal with two
peculiarities of fluorescence microscopy: an increase
of radiation intensity improves visualization in ROl but
accelerates photodynamic bleaching, which affects
the quantitative characteristics of fluorescence in ROI
(Fig. 2).

The measurements were performed on the same
pancreatic islet at constant values of hormones con-
centration (insulin and glucagon) in endocrinocytes.
The obtained results showed different levels of average
fluorescence intensity in ROI for insulin and glucagon.
At the “min” mode of the excitation intensity, the frame
exposure duration for FITC and AlexaFluor®546 fluoro-
phores differed by more than 2 times. It is expected that
as the UV radiation intensity increased, the camera
exposure was shortened and became almost the same
in the maximum mode for both fluorophores (Fig. 2A).
The value of the average fluorescence intensity in ROI
for insulin (filter 43HE) in the “minimum” mode of UV

Pathologia. Volume 19. No. 1, January — April 2022
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Fig. 3. Estimation of the average fluorescence intensity in ROl and nonspecific BG fluorescence for FITC (A) and AlexaFluor®546 (B) fluorophores at different excitation intensities.

Fig. 4. Effect of permanent excitation time on CCD exposure time (A) and the average fluorescence intensity index (B) in ROl and nonspecific BG fluorescence for glucagon (FITC,

filter set 38HE) and insulin (AlexaFluor®546, filter set 43HE).

irradiation intensity was 26 % higher than for glucagon
(filter 38HE), differed by 7-10 % in “moderate” and
“high” modes, and was almost the same in “maximum”
mode (Fig. 2B). At the same time, the intensity of non-
specific BG fluorescence increased predictably with
increasing excitation intensity. Considering the fact that
maximum parameters of average fluorescence intensity
in ROI were obtained already at the moderate mode of
excitation intensity, we consider this mode to be appro-
priate for use in practical fluorescence microscopy of
the pancreas.

Matonorisi. Tom 19, Ne 1(54), ciueHb — kBiTeHb 2022 p.

To estimate the average fluorescence intensity
C. in ROI, the following mathematical formulas were
applied:

Ci = CROI - CBG (1
Ci = (CROI - CBG )/ CROI (2);
Ci =-lg (CBG /CROI ) (3);
C =1g(Cy)/lg (C.y) ()

where CROl is the average fluorescence intensity in RO,
and C; is the nonspecific BG fluorescence.
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Fig. 5. Estimation of the average fluorescence intensity in ROl and nonspecific BG
fluorescence for FITC, filter set 38HE (glucagon) (5A) and AlexaFluor®546, filter set
43HE (insulin) (5B) luorophores under continuous UV irradiation.

Fig. 6. Effect of permanent excitation time on the area of ROI for glucagon (FITC, filter
set 38HE) and insulin (AlexaFluor®546, filter set 43HE). Otsu thresholding method was
used to determine the boundaries of ROI.
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The results shown in Fig. 3 demonstrate that the ratio
of the logarithms of the BG fluorescence of the pancreatic
slice and the fluorescence of endocrinocytes (ROI) (for-
mula 4) used in the calculation gives a stable estimate,
independent of the intensity of the chosen excitation
intensity mode.

Permanent excitation time influence. In immuno-
fluorescence microscopy, the researcher constantly faces
the effect of photodynamic bleaching of histological prepa-
rations with increasing duration of permanent excitation
time, as well as with the impossibility of long-term storage
of histological sections for analysis. To correct the effect
of photobleaching and to adjust the fluorescent image in
practice, the software for the microscopic camera uses
automatic correction of exposure time and white balance
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setting. Fig. 4 shows the analysis of the effect of the time of
permanent UV radiation on camera exposure (Exposure
Time) before imaging the same pancreatic islet. Exposure
of the camera was adjusted by AxioVision program every
30 sec using the built-in algorithm for the emission length
of each fluorophore separately, and UV radiation intensity
was set to moderate mode.

As it can be seen from Fig. 4, the fluorescence of
glucagon (FITC fluorophore) is stable and requires virtu-
ally no correction (-0.75 = 1.60 ms every 30 sec), whereas
insulin fluorescence (AlexaFluor®546 fluorophore) inten-
sity decreases with prolonged excitation time and requires
a correction with increased exposure (+79.35 + 14.59 ms
every 30 sec). Continuous 10-min UV irradiation slightly
changes the average fluorescence intensity for glucagon

Pathologia. Volume 19. No. 1, January — April 2022
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Fig. 7. Interactive selection
of ROI (white), and ROI con-
tours resulting from thre-
sholding methods: Otsu (red),
“Moments” (green), “MinError”
(blue), “Huang” (cyan), “Mean”
(magenta), “Li" (yellow).

Table 1. Thresholding method of the machine ROI selection and calculated area of ROI, mean and integrated fluorescence in ROI

Thresholding method of Glucagon (FITC, filter set 38HE) Insulin (AlexaFluor546, filter set 43HE)

ol selecton AreaofROL% |[Fluorescence _ |AreaofROL%
Integrated, % integrated, %

Interactive selection 100.00 100.00 100.00 100.00 100.00 100.00
Default 3653.83 26.87 981.75 100.99 99.62 100.61
Huang 9621.43 21.52 2070.97 1329.15 38.21 507.82
Intermodes 24.47 153.17 37.48 138.91 87.73 121.86
IsoData 101.72 101.55 103.30 99.65 100.08 99.74
1J_lsoData 6791.62 23.51 1596.92 100.99 99.62 100.61
Li 432.45 54.05 233.73 124.24 92.03 114.35
MaxEntropy 99.07 101.75 100.80 129.07 90.51 116.81
Mean 6552.12 23.70 1553.18 580.42 48.39 280.89
MinError 8145.39 22.52 1833.94 1850.33 34.47 637.80
Minimum 0.94 226.45 2.13 114.59 95.10 108.98
Moments 165.74 82.15 136.15 106.80 97.64 104.28
Otsu 99.30 101.62 100.90 100.24 99.85 100.09
Percentile 7093.69 23.30 1652.94 1045.55 40.86 427.25
RenyiEntropy 84.46 108.78 91.88 133.28 89.16 118.83
Shangbhad 1168.40 36.92 431.41 2.69 167.71 4.51
Triangle 402.34 19.71 79.28 138.91 87.73 121.86
Yen 64.00 119.82 76.69 131.64 89.69 118.07

and insulin in ROI (statistical coefficient of variation cor-
responding to 1.91 % and 2.74 %, respectively). Never-
theless, there was a significant increase in nonspecific
BG fluorescence for AlexaFluor®546 fluorophore (by
+31.8 %, coefficient of variation 8.72 %), and a moderate
decrease in this index for FITC (by -15.7 %, coefficient of
variation 3.85 %). These changes occur due to the pho-
todynamic bleaching phenomenon as the duration of
permanent UV radiation increases.

Considering the peculiarities of the changes in
the fluorescence pattern under permanent UV radia-
tion, the issue of a reliable assessment of the average
fluorescence intensity and the integral fluorescence
in ROI arises. Solving this problem, we can estimate
the average concentration of the hormone in the en-
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docrinocyte dependent on fluorescence intensity, and
the total content of the hormone in the pancreatic islet
obtained by analysis of the integral fluorescence. The use
of the ratio of the logarithms of the BG fluorescence and
ROI fluorescence (formula 4) gives a stable assessment
independent both on the intensity of UV radiation and
permanent excitation time and, thus, decreases the effect
of photodynamic bleaching of the pancreatic slice (Fig. 5).
At the same time, it should be borne in mind that formula
4 gives a minimal negative time trend when assessing
the concentration of glucagon (y =-0.0889x + 99.664) and
a slow positive trend when assessing the concentration
of insulin (y = 0.1583x + 99.998).

It is important to note another important fact of
the fluorescence pattern change, related to the affection
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of ROI determined by standard methods of machine ROI
selection under the permanent excitation time influence
(Fig. 6). Inthis case, the fluorescent pattern remains stable
for the correct selection of ROI only for the first minute
of UV irradiation.

Machine segmentation methods. Different thre-
sholding methods of machine segmentation lead to
different estimations of ROI area, integral and average
fluorescence value in ROI (Table 7). Using Otsu method
allows to obtain result closest to the “perfect” interactive
method of ROI selection for insulin and glucagon. Fine
results were also obtained using segmentation methods
“MaxEntropy” and “IsoData” for glucagon, and methods
“IJ_lsoData” and “Default” for insulin.

Some results of the machine thresholding methods
of ROI selection are shown in Fig. 7.

Discussion

Pancreatic islets (islets of Langerhans) occupy about
1-2 % of the total volume of the pancreas, and analysis
of the heterogeneity of its endocrine structure is the key to
estimating both the mass of islet endocrinocytes in healthy
people and the islet beta-cell reserve in patients with type
1 and type 2 diabetes [5,7]. Immunofluorescence tech-
nique is applied since the 1990s to estimate the number
of pancreatic islets [8] and analyze the pattern of their
distribution in pancreatic tissue [9]. Methods of digital
analysis of fluorescent images were applied to count
the mass of beta-endocrinocytes in the intact pancreas
[10], the number and quality of isolated islets [11], and
pancreatic transplant material [12].

The main steps in the digital analysis of any images,
including fluorescence images, are the following: 1)
image acquisition and preprocessing; 2) segmentation;
3) extraction of features (quantitative descriptors) which
make possible the further classification of the different
cell types [13].

1) When recording fluorescence it should be taken
into account that fluorescence intensity behaves accor-
ding to Planck’s law: E = hv = hc/A, where E is energy,
his Planck’s constant, v is light frequency, ¢ equals light
velocity, and A equals light wavelength. Thus, energy is
linearly proportional to the light frequency and inversely
proportional to its wavelength. The quantum of energy (E)
is greater for radiations of shorter wavelengths, such as
UV radiation than for radiations of longer wavelength, such
as IR radiation. Consequently, the quantum of energy
emitted in the green part of the spectrum (FITC, filter set
38HE) is greater than the quantum emitted in the red spec-
tral region (AlexaFluor®546, filter set 43HE). As a result of
such energy difference of quanta, the effective exposure
time required by the CCD camera during image capture
for FITC fluorophore is less than for AlexaFluor®546 at
all gradations of UV radiation intensity (Fig. 2A).

It should be considered that fluorophores are cha-
racterized by different fluorescence efficiency, or quantum
yield (QY). A common way to compare the performance
of fluorophores is to calculate the brightness index (B/):
Bl =& x QY /1000, where ¢ is the extinction coefficient
of the excitation irradiation. So, for the green fluorophore
FITC £=90x 10°M-"'cm™, QY'=0.92 and Bl = 83, and for

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

the red fluorophore AlexaFluor®546 ¢ = 104 x 10° M'cm,
QY = 0.96 and Bl = 100 [14]. Despite the difference in
the value of the brightness index of fluorophores, due
to the software correction of the CCD exposure time,
approximately the same value of the useful fluorescence
intensity in ROl is achieved (Fig. 4).

2) Segmentation is aimed to isolate ROI of objects:
pancreatic islets or single endocrinocytes. This step is
crucial for the subsequent feature extraction procedure
[Gonzalez2018]. Morphological studies of the pancreas
necessary for reconstruction its natural 3-D configuration
are labor-intensive, requiring high-quality immunofluores-
cence microscopy technology and analysis of a large array
of serial sections using 2-D microscopy with subsequent
mounting [5]. This method needs machine analysis of a
large array of fluorescence images using machine learning
techniques [2], and hence the need to determine the rules
by which ROl is allocated.

Nobuyuki Otsu in 1979 proposed the thresholding
method of ROI selection [15], which later became one of
the most used binarization methods for a grey-level image
[13]. It is a clustering-based thresholding method and it
refers to a bimodal image histogram that separates fore-
ground and background pixels. Otsu’s algorithm proposes
to minimize the weighted sum of intraclass variations in
the foreground and background pixels to establish an
optimal threshold. The optimal threshold value separating
the two classes is selected by applying intraclass variance
minimization and interclass variance. The mathematics
of another thresholding methods of ROI selection can be
found in M. Sezgin & B. Sankur [16].

Our analysis demonstrated the excellent performance
of the Otsu’s algorithm for the allocation of insulin and
glucagon fluorescence in pancreatic multifluorescence
studies, and also demonstrated the best results in solving
the problem of differentiation and counting of microbial
cells [17].

To obtain a quantitative assessment of fluorescence
in RO, itis also necessary to determine the boundaries of
nonspecific BG fluorescence region. BG segmentation of
the entire area of the fluorescent image beyond the islet
zone, or ROI, is not appropriate. In the case of small
islets, artifacts can be found in BG region, that increases
the average fluorescence in the BG region. We recom-
mend allocation BG region by the result of subtracting
ROI for insulin and glucagon from the zone of the oval
circumscribed around the islet. As a result, the BG region
will include nuclei of alpha- and beta-cells, other islet
endocrinocytes (delta-, epsilon-, and PP-cells), as well
as intraislet vessels.

3) In a fluorescent examination, the microscopist
must spend some time searching for the required object
of study. This increases the permanent excitation time on
the tissue sample and causes photodynamic bleaching,
due to the interaction of the fluorophore with light and oxy-
gen. Photobleaching reduces the fluorescence signal and
hence the signal-to-noise ratio of an immunofluorescent
image. This directly reduces the intensity of the useful
fluorescence signal and, conversely, increases the in-
tensity of the nonspecific BG fluorescence in practice.
Thus, photobleaching affects the definition of quantitative
descriptors of the region of interest.
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Toimprove ROI quantification, we analyzed various ap-
proaches and found that the formula Ci =1g(C;)/1g(C.,)
provides the most constant relative fluorescence in
ROI independently of UV intensity, and also eliminates
the photobleaching effect which occurs with an increase
in the duration of UV radiation. In practical fluorescence
microscopy, the C, parameter can be related to the con-
centration of the studied biomolecule (hormone, receptor)
in the object (cell, islet), and its multiplication by ROl area
(Conti = Ci x AREA_ ) corresponds to the total content
of biomarker in an object of investigation (cell, islet, pan-
creas). We believe that such an approach to assessing
the concentration and content of the biomolecules can be
useful when comparing different experiments, including
those conducted at a time distance from each other.

Conclusions

1. We propose to select the moderate mode of UV
radiation for pancreatic immunofluorescence investiga-
tion with the necessary adjustment of the CCD camera
exposure time before acquisition of frame and to limit
the permanent excitation time within 1-2 minutes.

2. Otsu’s algorithm is recommended as an optimal
threshold selection method for the machine segmentation
of the region of interest for insulin and glucagon.

3. We established that the ratio of the logarithms of
the background and the region of interest gives stable
fluorescence quantification even in photobleaching as-
sociated with a high excitation intensity and prolonged
excitation time.
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The aim of the study was to determine the effect of the HERV-W ENV glycoprotein on the functional and metabolic cha-
racteristics of intact and stimulated peripheral blood monocytes, depending on the type of multiple sclerosis (MS), which can
contribute to our understanding of their pathogenetic role in the development of neurological disorders and to design of novel
therapeutic agents.

Materials and methods. To determine the reserve capacity index (Rci) of cytokine production, HERV-W ENV glycoprotein,
E. coli lipopolysaccharide (LPS) or ssRNA40/LyoVec were added to the monocyte-enriched cell suspension as agonists of
TLR4 and TLR7/8. The study also included the evaluation of arginase activity in cell lysates of the monocyte fraction. The study
involved 37 patients with relapsing-remitting type and 19 patients with progressive type of MS. The control group included
32 healthy individuals.

Results. In patients with MS of both groups, the reserve capacity of monocytes to produce IL-13 was lower than in healthy
individuals, while the reserve capacity to produce TNF-a and IL-10 was almost twice as high as in the control group. This
index for IL-1RA in monocytes obtained from the group with progressive MS and stimulated with HERV-W ENV was 2 times
lower than the control; thus increased IL-1B values provoke chronic inflammation. The highest arginase activity in patients
with relapsing-remitting MS was observed when monocytes were cultured with HERV-W ENV and LPS. In patients with
progressive MS, during the cultivation of monocytes with LPS, arginase activity was significantly reduced relative to the
control.

Conclusions. The results obtained indicate functional and metabolic changes in peripheral blood monocytes upon stimulation
with TLR4 and TLR7/8, which may be associated with the disease course. In progressive MS, stimulation with HERV-W
ENV leads to an imbalance of pro-inflammatory and regulatory cytokines, contributing to a chronic inflammation and, as a
consequence, to a more severe course of the disease.

MoaynatoBanbHa aiss HERV-W ENV Ha moHouuTH nepudepuuHoi KpoBi
B Nauji€eHTiB i3 pi3HUMK TUNaMKU nepebiry po3ciaHoro ckaeposy

0. M. Koasipa, H. |. BpoBiueHko, T. I. Koasaa, O. B. Tynotinos

Meta po6oTu — Bu3Haumty BnnwvB rnikonpoteivy HERV-W ENV Ha yHKuioHanbHi Ta MeTabonivHi 0coBnmMBOCTI iHTAKTHMX i
CTUMYNBOBaHMX MOHOLMTIB NepuchepuyHOi KpoBi 3anexHo Bia T1My nepebiry poscisHoro ckneposy (PC), LWo € Ayxe BaxMBIM
NS pO3yMiHHS iXHbOT NAaTOreHETUYHOI PO B PO3BUTKY HEBPOSIONYHMX PO3MnagiB i Anst pO3pO0IEHHS HOBUX TepaneBTUYHNX
3acobis.

Matepianu Ta meToau. [1ns BU3HaYeHHs iHAEKCY pe3epBHOI 3AaTHOCTI NPOAYKLIT LIMTOKIHIB y 30arayeHy MOHOLMTaMM CyCrieH-
3ito kniTuH gogasanu rmikonpotein HERV-W ENV, ninononicaxapug E. coli abo ssRNA40/LyoVec sik aroHictn TLR4 i TLR7/8.
OuiHioBany akTUBHICTb apriHasu B nisaTax KIiTuH MOHOLMTapHOI dopakuii.

Y pocnimkeHHi B3snu yyacTb 37 nauieHTiB i3 peuuanBHo-peMiTytodum Ta 19 ocib i3 nporpecytounm Tunom PC. KoHTponbHa
rpyna — 32 3goposi 0cobm.

Pesynbratu. Y nauiexTis i3 PC 060x rpyn pesepBHa 3aaTHICTb MOHOUMTIB A0 npogykuii IL-1B Byna MeHLwoto, Hix y 300-
poBux 0Cib, a pesepBHa 3gaTHicTb A0 npogykuii TNF-a Ta IL-10 maiixe BABIYI BMLLA 3@ MOKA3HWK KOHTPOMBHOI rpymnu.
PesepsHa 3gatHicTb MoHouuTiB o IL-1RA y rpyni nauieHTis i3 nporpecytoumm PC nig gieto HERV-W ENV Bagivi Hwkya
3a KOHTPOSb, @ OTKE NiABMLLEHi nokasHuku IL-1B CnpuymnHsoTL XpOHiYHe 3ananeHHsi. HambinbLuy akTUBHICTb apriHasu B
naujeHTiB i3 peumansHo-pemiTylodm PC cnocTepiranu nig Yac KynsTvByBaHHS MOHOLMTIB 3a HassHocTi HERV-W ENV i
LPS. Y xBopux Ha nporpecytounii PC npu KynsTMBYBaHHI MOHOUMTIB 3 LPS apriHazHa akTMBHICTb BIpOrigHO 3HWKeHa LoAo
KOHTPO0.

BucHoBku. Pesynbratit gocnipkeHHs BKa3ytoTb Ha pyHKLIOHaNbHI Ta MeTabonivHi 3MiHA MOHOLMTIB NepUepuYHOI KPoBiI
npu ctumynauii TLR4 i TLR7/8, wo moxyTb 6yTh acowiioBaHi 3 TMNOM kniHivHoro nepebiry 3axsoptoBaHHsi. Mpu nporpecy-
toqomy nepebiry PC ingykuis HERV-W ENV npn3BoguTb 40 nopyLieHHs 6anaHcy nposananbHuX i perynsTopHuX LIMTOKIHIB,
CMPUYMHSIOYM XPOHIYHE 3amaneHHs, a OTKe TSYuiA nepebir 3aXBOPIoBaHHS.
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Currently, there is a limited information on the effects of
human endogenous retroviruses (HERVs) on the innate
immune system, which represents the first line of defense
against viruses and acts mainly through the detection of
invariant microbial molecular patterns by pattern recog-
nition receptors (PRRs) expressed on antigen-presenting
cells (APCs), such as monocytes, macrophages and
dendritic cells, as well as on other cell types. Examples of
PRRs include transmembrane Toll-like receptors (TLRs),
which can recognize various microbial products and act
as a central element of the innate immune response to
different classes of pathogens [1,2].

HERVs make up 8 % of the human genome and
are derived from retroviral infections which integrated
into mammalian germline cells millions of years ago [3].
HERVs are usually epigenetically silenced, but trans-
activation by exogenous viral infection, such as herpes
virus type 6 (HHV-6), Epstein-Barr virus, or other viruses
epidemiologically associated with multiple sclerosis (MS),
can promote their (re)expression [4]. Studies have shown
that human endogenous retrovirus type W (HERV-W)
negatively affects the differentiation and remyelination of
oligodendroglial progenitor cells through the pathogenic
envelope protein HERV-W ENV. It has been shown that
in multiple sclerosis, HERV-W ENV is present in myeloid
cells associated with axons [5]. HERV-W ENV has been
shown to induce a degenerative phenotype in microglial
cells of patients with progressive multiple sclerosis,
leading to the close spatial association of these cells with
myelinated axons. Moreover, in HERV-W ENV-stimulated
myelinated cocultures, microglia were found to structurally
damage myelinated axons.

Elevated concentrations of HERV-W ENV protein,
RNA, and/or DNA were detected in serum, cerebrospinal
fluid, and brain in both clinically isolated syndrome (CIS)
and clinically defined MS [6]. In addition, the HERV-W
ENV presence was found to correlate with faster clinical
progression of the disease and with an increased con-
version into secondary progressive MS [7]. The HERV-W
ENV glycoprotein inhibits myelin repair, hampering diffe-
rentiation of oligodendroglial progenitor cells by inducing
nitrosative stress through the activation of Toll-like recep-
tor 4 (TLR4) [8]. In MS, monocytes are involved in both
autoimmune inflammation and neurodegeneration, pro-
ducing proinflammatory cytokines and molecules [9,10].

Therefore, HERV-W ENV may play a role in the patho-
genesis of multiple sclerosis, so our study was aimed at
analyzing the effect of this glycoprotein on the activity of
monocytes at the functional level. We hypothesize that
the expression of endogenous retrovirus HERV-W may
contribute to inflammatory conditions, thereby fueling
the autoimmune disorder.

Aim

To determine the effect of the HERV-W ENV glycoprotein
on the functional and metabolic characteristics of intact
and stimulated peripheral blood monocytes, depending
on the type of multiple sclerosis, which can contribute to
our understanding of their pathogenetic role in the deve-
lopment of neurological disorders and to design of novel
therapeutic agents
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Materials and methods

Immunological studies were conducted in the Laboratory
of Clinical Immunology and Allergology of the State Institu-
tion “Mechnikov Institute of Microbiology and Immunology
of the National Academy of Medical Sciences of Ukraine”.
The study included 56 patients with a verified diagnosis of
“multiple sclerosis” established in the Department of Neu-
roinfections and Multiple Sclerosis of the State Institution
“Institute of Neurology, Psychiatry and Addiction Medicine
of the National Academy of Medical Sciences of Ukraine”.
All patients were divided into two groups depending on
clinical course of the disease:

1. A group of patients with relapsing-remitting MS
(RRMS), n =37 (16 men and 21 women), the mean age
of patients was 35.9 (32.3; 38.54) years; included patients
with a disease duration of at least 12 months who had at
least one MS exacerbation or one paramagnetic contrast
center on MRI 12 months prior to randomization;

2. A group of patients with progressive MS (PMS),
n =19 (8 men and 11 women), the mean age was 39.4
(34.6; 43.7) years. In PMS, there is no remission after
the onset due to the formation of a progression stage,
although patients may experience periods of stabilization
of the disease without relapse or new MRI activity.

For 6 months before the collection of biological mate-
rial, patients had not received any therapy with the drugs
that could modify the course of the disease.

The control group consisted of 32 healthy individuals
(11 men and 21 women) with a mean age of 36.2 (33.4;
38.6) years. Criteria for inclusion in the control group
were the absence of acute infections for at least 1 month
before taking biological material, the absence of chronic
inflammatory, allergic and autoimmune diseases.

The biological material was blood samples obtained
from patients with multiple sclerosis and almost healthy
people. All individuals who participated in the study gave
their voluntary written consent to participate in the study.
All participants gave their voluntary written consent to
take part in the study.

Isolation of peripheral blood mononuclear cells
(PBMCs). Isolation was performed by the method of
G. Rousselet, adapted to small blood volumes [11].
Separation was performed using double Percoll gradient
(Sigma, USA). To prepare 100 mL of Percoll isoosmotic
solution, 41.5 mL of Percoll with p = 1.131 g/cm?® were
dissolved in 48.5 mL of distilled water, 10 mL of 1.5 M
NaCl solution were added and mixed thoroughly. To pre-
pare 100 mL of Percoll hyperosmotic solution, 48.5 mL of
Percoll with p = 1.131 g/cm?® were dissolved in 41.5 mL of
distilled water, 10 mL of 1.6 M NaCl solution was added
and also mixed thoroughly.

Isolation cells of the monocyte fraction. To iso-
late cells of the monocyte fraction, 1 mL of the prepared
mononuclear suspension was carefully layered on 3 mL
of Percoll hyperosmotic solution and centrifuged at 580 g
for 15 minutes at +20 °C. The cell layer was carefully
removed from the phase interface using a plastic Pasteur
pipette, resuspended in RPMI-1640 medium to 12 mL
and centrifuged at 350 g for 7 minutes at +20 °C. After
removal of the supernatant the procedure was repeated.
After centrifugation the supernatant was removed, and
the pellet was resuspended in 3 mL of complete RPMI
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medium. The resulting suspension was adjusted to 5 x 108
cells/mL and divided by 0.1 mL. The number of monocytes
in the suspension, determined with anti-CD14 PE-labeled
monoclonal antibodies (EXBIO Praha, Czech Republic),
was 75 % or more. Cell viability after trypan blue staining
was at least 98 %.

TNF-a, IL-1B, IL-1RA, IL-10, IL-12p70, IL-12p40 con-
centrations in culture supernatants were determined using
test systems “Alpha-TNF ELISA Best” A-8756, “Interleu-
kin-1 beta ELISA Best” A-8766, “IL-1 receptor antagonist
ELISABest” A-8764, “Interleukin-10 ELISA Best” A-8774
manufactured by CJSC «Vector-Best-Ukraine» and test
systems Human IL-12p70 Human ELISA Kit, IL-12 p40
Human ELISAKit (Invivogen, USA).

For the series exposed to HERV-W ENV, LPS, and
ssRNA40/LyoVec, the Reserve capacity index (Rci) of
each cytokine production was calculated as the ratio of
the cytokine content in the series with the exposure to
the corresponding stimulator compared with that value in
the series with intact cells (RCi, q,.» RCigya: @Nd RC ).
For each experimental series, the ratio of IL-1RA and IL-
1B production (IL1RA/L1B), ., (ILTRANL1B), ey (ILTRA/
IL1B)zya @nd (ILTRAVIL1B) ., was also calculated.

Cultivation of cells of the monocyte fraction.
Cells of the monocyte fraction were cultured in four
parallel series: a) with the addition of ERVW-1 recom-
binant protein (MyBiosource, CLLA) at concentration 1
pg/mL as a stimulator of TLR4, b) with the addition of
E. coli lipopolysaccharide (“Sigma-Aldrich”, USA) at
concentration 1 ug/mL as a stimulator of TLR4, ¢) with
the addition of a complex of resistant to nucleases gua-
nine and uracil-enriched phosphothioate-modified ribox-
ioligonucleotide and cationic lipid single-stranded RNA
ssRNA40/LyoVec (Invivogen, USA) at concentration 1
pg/mL as a stimulator of TLR7/8, d) control samples,
cultured without an inducer. Monocytes suspension was
cultured in 96-well plates at concentration 10° cells/mL
in a final volume of 0.2 mL for 24 hours at +37 °C in an
atmosphere of 5 % CO,.

After incubation, the suspension was centrifuged at
350 g for 7 minutes at +20 °C, the precipitate was used
to determine the cytokine levels and arginase activity
and the supernatant — to determine the concentration
of nitrites.

Determination of arginase activity and nitrite con-
tent in peripheral blood monocytes. Arginase activity
in cell lysates was determined by the method of Classen
et al. [12]. After removing the supernatant from the wells
of the plate, the pellets with cultured cells were carefully
washed with 0.2 uL of phosphate buffered saline, after
careful removing of the washing solution 0.1 mL of a
0.1 % aqueous solution of Triton X-100 (Sigma-Aldrich,
USA) was added to the wells and left for 15 minutes on a
shaker for cell lysis. Then 0.1 mL of 50 mM Tris-HCI buffer
(pH = 7.5; Sigma-Aldrich, USA) and 0.01 mL of 100 mM
MnCl, solution were added. 0.1 mL of lysate from the wells
was transferred to “safelock” tubes and incubated for 7
minutes at 56°C for activation of arginase. Then, 0.1 mL
of a 0.5 M arginine solution (pH = 9.7; Sigma-Aldrich,
USA) was added to each tube and incubated att=+37 °C
for 120 minutes (series without adding an inductor, with
the addition of LPS and ssRNA40/LyoVec). The reaction
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was stopped by adding 0.8 mL of stop reagent to test
tubes, and 0.9 mL to test tubes with 0.1 mL of standard
solutions containing 0.0 pg, 7.5 ug, 15.0 pg, 30.0 ug, 45.0
ug and 60.0 pg of urea. To each tube 40 pl of 6 % alcoholic
solution of a-isonitrosopropiophenone was added and
vortexed for 5 seconds, then sequentially incubated for
30 minutes at t = +95 °C and for 30 minutes at t = +4 °C.
After incubation, the urea content in the samples was
determined on Stat Fax 303 plus (USA) with a filter
installed at 545 nm.

The concentration of nitrites in the supernatants was
determined by the method of Griess [12]. 0.1 mL of culture
supernatants were transferred to the wells of a 96-well
plate, mixed with 0.1 mL of Griess reagent and incubated
for 30 min att=+20 °C in darkness. Absorption was read
on Stat Fax 303 plus (USA) with 545 nm filter installed
and the nitrite concentrations were calculated according
to a standard calibration curve. The results obtained were
presented in pmol NO/10° cells.

Statistical processing of the obtained data was
performed using STATISTICA 11.0 (StatSoft Inc.) and
XLSTAT 19.6 (Addinsoft). The normality of the data
distribution in the groups was checked using the W-Sha-
piro-Wilk test. The Mann-Whitney U-test was used to
determine the significance of differences in the studied
samples. The critical value to assess the significance
across these findings was 0.05. Data in the text and
tables are presented as medians, 1 and 3 quartiles: Me
(Q25 %; Q75 %).

Results

The study of the functional activity of peripheral blood
monocytes in patients with different types of MS was
performed by modeling their activation with agonists,
namely, by HERV-W ENV glycoprotein, E. coli lipopoly-
saccharides for TLR4 activation, and by ssRNA for
TLR7/8 activation.

Evaluation of the immunomodulatory effect of
the HERV-W ENV glycoprotein revealed significant dif-
ferences in the reserve ability of monocytes to produce
in vitro major proinflammatory and regulatory cytokines
in patients with different types of the disease (Table 1).

It has been found that the reserve capacity of mono-
cytes for TNF-a production in patients with MS was sig-
nificantly higher than in healthy individuals. The value of
RCi, iy Was 1.6 times higher in patients with a recurrent
type of MS than in the control group, and 2.2 times higher
than in patients with a progressive type of the disease.
When ssRNA40/LyoVec and LPS were added as indu-
cers, the value of Rci in RRMS and PMS groups was 3
times lower than in the control group.

Stimulation with HERV-W ENV glycoprotein led
to an increase in production of IL-13 in MS patients,
significantly more pronounced than in healthy people in
the control group. In particular, HERV-W ENV-stimulated
IL-1B production in patients with PMS was 1.6 times
higher than that observed in the control group (412.3
(337.9; 564.6) pg/mL vs. 263.5 (171.2; 315.6) pg/mL
in the control, P < 0.05). The level of stimulated IL-1f
production in the RRMS group was 1.5 times higher
compared with the control group (318.3 (247.4; 469.5)
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Table 1. Reserve capacity index (Rci) of proinflammatory and regulatory cytokine production by peripheral blood monocytes upon stimulation with
glycoprotein HERV-W ENV, ssRNA40/LyoVec and lipopolysaccharide E. coli in patients with relapsing-remitting multiple sclerosis (RRMS) (n = 37),
progressive multiple sclerosis (PMS) (n = 19), and healthy individuals (control) (n = 32), Me (Q25 %; Q75 %)

Cytokines Patients group Control
RRMS

TNF-a 31.8 (28.5; 37.2)* 353(302 43.3)* 120.1 (108.4;131.6)
ssRNA 43.8 (39.6; 47.2)* 35.6 (31.7; 40.8)* 131.1 (110.4; 148.7)
HERV-W 35.2 (31.4; 39.6)* 46.8 (42.7;51.1)* 21.4 (18.5; 25.6)
IL-1B LPS 7.8 (5.3; 9.6)" 125 (10.2; 16.4)" 58.1 (49.5; 66.8)
ssRNA 9.3 (6.7; 11.6)* 20.2 (16.3; 24.7)* 61.6 (57.2; 65.9)
HERV-W 5.4 (3.9;7.1)" 7.2 (5.5; 9.4)* 33.6 (29.4; 37.5)
IL-1RA LPS 24.6 (21.3; 28.1) 10.4 (8.5; 12.7)* 22.3 (18.4; 25.1)
ssRNA 23.8 (20.9; 26.7)* 21.4 (19.5; 24.6)* 12.7 (10.3; 15.2)
HERV-W 17.2 (15.6; 20.5) 7.6 (5.3; 9.0 15.4 (12.6; 17.9)
IL-10 LPS 9.3(7.2;12.6) 5.4 (3.6;6.8)" 16.5 (13.2; 18.6)
ssRNA 2(3.1;5.8)" 1.6 (0.8; 1.9)* 12.3(10.3; 15.1)
HERV-W 7.2 (5.2;9.3) 6.7 (4.5; 8.8) 45(3.2;6.0)
IL-12p70 nne 1(7.7;10.8)" 0.9 (0.5; 1.1)* 5(2.2; 3.6)
ssRNA 8.3 (6.5; 10.8)" 1.2 (0.8; 1.5) 1(2.6;3.9)
HERV-W 9.2 (8.1; 11.3)* 1.3 (0.8; 1.5)* 7(2.0;3.3)
IL-12p40 LPS 6(1.1;2.0) 23 (1.7;2.9) 1.3(1.0;1.9)
ssRNA 9(1.2;2.3)" 2.4(1.9;2.9) 6(3.0;4.1)
HERV-W 5(1.1;1.8) 1.3(0.8; 1.9)* 7(2.2;3.4)

*: P < 0.05 when compared with the control group.

Table 2. Arginase activity of peripheral blood monocytes of patients with relapsing-remitting multiple sclerosis (RRMS) (n = 37), progressive multiple

sclerosis (PMS) (n = 19) and healthy individuals (control) (n = 32), mU/10® cells, Me (Q25 %; Q75 %)
Patients group Control
RRMS PMS

224 (2.01;2.54)

Non-stimulated cells 2.51(2.24; 2.86) 242 (2.11;2.73)

HERV-W ENV-stimulated cells 9.15 (6.73; 12.15) 9.34 (8.77; 10.46)* 5.73 (4.13; 7.64)
LPS-stimulated cells 10.41 (8.23; 11.54) 6.22 (5.15; 8.56)* 11.54 (10.03; 12.18)
ssRNA40/LyoVec-stimulated cells 6.59 (5.82; 8.21) 8.74 (6.37; 10.27) 5.46 (3.55; 7.14)

*: P < 0.05 when compared with the control group.

pg/mLvs. 213.9 (186.5; 256.3) pg/mL in the control). The
ratio of stimulated IL-1B production to its spontaneous
production was significantly reduced relative to control,
namely, by 3.7 and 5.5 times in the RRMS and PMS
groups, respectively.

Stimulation of IL-1B production during incubation of
monocytes with the addition of ssSRNA40/LyoVec was
more pronounced in the group of patients with a pro-
gressive type of MS (P < 0.05 compared with control).
At the same time, the values of Rci ., and Rcig,, had
significant differences both between the groups of RRMS
and PMS, and between the groups of patients and control
group. Reig,, inthe PMS group was 2.2 times higher than
in the RRMS group (P < 0.05 when compared between
groups of patients), and 3 times lower than in the control
group (P < 0.05 when compared between PMS group
and control).

In the group of patients with recurrent type of MS,
Rci.,,, Was reduced even more relative to the control in-
dicator, namely, by 6.6 times. Decreased reserve capacity
of monocytes to produce TNF-a and IL-13 compared
to this indicator in healthy individuals may, on the one
hand, indicate changes in the subpopulation of cells pro-
ducing these cytokines, and on the other hand, indicate
the “depletion” of these cells, the presence of impairment
in MyD88-mediated signaling and NF-kB activation [13].
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HERV-W ENV glycoprotein-induced production of IL-
1RA increased both in the control group and in patients
with RRMS and PMS. The level of stimulated IL-1RA
production in patients with RRMS was 1.8 times higher
than in the control group (P < 0.05); in patients with PMS,
this indicator did not differ from the control values. It is
noteworthy that the value of Rci, ., in the group of PMS
was 2 times lower than in the control, which may indicate
a decrease in the reserve capacity of monocytes to syn-
thesize this protein in patients with PMS; thus, against
the background of elevated IL-183 levels in the PMS group,
this imbalance provokes chronic inflammation.

The rate of Rci . of IL-1RA production in group of
patients with PMS was reduced by 2.1 times compared
with the control. In ssRNA40/LyoVec-induced production
of IL-1RA, the reserve capacity indices in the groups did
not differ from the control. Patients with MS also had a
significant reduction in (IL1RA/IL1B),, relative to the con-
trol. In the RRMS group, the value of (IL1RA/IL1B),
was 1.2 (0.9; 1.4) units, in the PMS group 2.3 (1.8; 2.5)
units, while in the control group it constituted 9.1 (7.8;
9.6) units. (IL1TRA/IL1B), cry Was 5.3 (4.9; 5.6) units in
the RRMS group, 2.5 (2.1; 2.9) units in the PMS group.
The ratio of LPS-induced production of IL-1RA and IL-18
in patients with PMS was significantly reduced compared
with the control.
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In patients of the RRMS group, the (IL1RA/IL1B)
was 3.4 (3.1; 3.6) units. The value of (IL1RA/IL1B)g,, in
patients of the RRMS group constituted 2.8 (2.5; 3.1) units,
in the PMS group 2.5 (2.2; 2.7) units, in the control group
2.2 (2.0; 2.5) units (P > 0.05 when comparing groups of
patients and controls, as well as groups of patients with
each other).

Stimulation with HERV-W ENV led to an increase in
IL-10 production in the PMS group, and it is important to
note that in patients of both groups the value of Rci, ..,
was almost twice higher than in the control group, in con-
trast to the series treated with other stimulants.

The level of LPS-induced IL-10 production in observed
groups of patients with MS did not differ from the control
on the background of a moderate decrease in reserve
capacity index. With ssRNA40-induction, the content of
this cytokine in the RRMS and PMS groups was reduced
relative to the control by 3 and 6.3 times, respectively
(P <0.05). Rcig,,, was reduced by 2.9 times in the RRMS
group and 7.7 times in the PMS group, P < 0.05.

Therefore, the greatest effect on IL-10 production was
observed when monocytes obtained from patients with
progressive type of MS were stimulated with HERV-W
ENV glycoprotein.

The level of IL-12p70 production in the cultivation of
intact monocytes in both groups of patients with MS was
significantly lower than in the control. In the RRMS group,
the low level of IL-12p70 production by intact cells was
accompanied by increased Rci,., ., values relative to
the control (9.2 (8.1; 11.3) units vs. 2.7 (2.0; 3.3) units in
control, P <0.05), Rci, ¢ (9.1 (7.7; 10.8) units vs. 2.5 (2.2;
3.4) units in the control, P < 0.05), and Rci,, (8.3 (6.5;
10.8) units vs. 3.1 (2.6; 3.9) units), P < 0.05). At the same
time, in patients with a progressive type of disease, stimu-
lation of monocytes did not lead to a significant increase
in IL-12p70 production, which may indicate the depletion
of IL-12-producing cells against the background of high
spontaneous production of this cytokine.

During incubation of monocytes, we evaluated both
the production of the IL-12p70 dimer and the production
of the IL-12p40 subunit, which is synthesized mainly by
the cells of the monocyte fraction of PBMCs. In intact
cells of patients with PMS, against the background of in-
creased production of IL-12p70 compared with the group
of RRMS, there were an elevated levels of production
of the IL-12p40 subunit, namely 3 times higher than in
the RRMS group and 1.7 times higher than in the control.
Stimulation of monocytes with LPS led to a significant
increase in IL-12p40 production, namely by 2.7 times. In
the RRMS group, a reduced reserve ability to synthesize
the IL-12p40 subunit was observed.

The modulating effect of TLR4 and TLR7/8 agonists
on the production of TNF-q, IL-18 and IL-10 by PBMCs
obtained from patients with different types of MS reflects
the persistence of the detected imbalance of immu-
noregulatory cytokines; in patients with a progressive
type of the disease, there was a tendency to more pro-
nounced production of proinflammatory cytokines against
the background of reduced reserve ability to synthesize
anti-inflammatory cytokines.

At the next stage of our work, we studied the diffe-
rences in the functioning of the arginase and NO-synthase

LPS
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pathways of L-arginine metabolism in intact and TLR4-
and TLR7/8-activated peripheral blood monocytes in
patients with different types of MS.

Moderate basal arginase activity (P > 0.05 relative to
the control) was found in groups of patients with relap-
sing-remitting and progressive types of MS. The arginase
pathway of L-arginine metabolism was predominant in
the intact cells of the monocyte fraction of PBMCs, as
evidenced by the low level of NO production in all groups
(<0.1 pmol NO/10° cells).

Under the action of the stimulating HERV-W ENV gly-
coprotein, arginase activity increased by 3.6 times relative
to the intact cells in the RRMS group, 3.8 times in the PMS
group, and 2.6 times in the control group (P < 0.05).

Cultivation with LPS led to an increase in arginase ac-
tivity of monocytes compared with intact cells, constituting
4.1times in the RRMS group, 2.6 times in the PMS group
and 5.2 times in the control group, but when comparing
the stimulation in the PMS group, arginase activity turned
out to be below the levels in control (P < 0.05). Stimu-
lation with ssSRNA40/LyoVec also caused an increase in
arginase activity, namely 2.6 times in the RRMS group,
3.6 times in the PMS group and 2.4 times in the control
(P <0.05).

Arginase activity during the cultivation of monocytes
treated with various agonists depended on the type of
the clinical course of MS. In patients with RRMS, the highest
arginase activity was observed in monocyte culture in
the presence of HERV-W ENV and LPS. In monocytes
obtained from patients with PMS, cultivation with LPS
led to a significant reduction of arginase activity relative
to the control. Basal and stimulated production of nitric
oxide by monocytes after 24 hours cultivation in all groups
was <0.1 pmol NO/105 cells, indicating a predominance of
the arginase pathway of L-arginine metabolism.

Discussion

HERV-W ENV protein has numerous effects on microglia,
such as morphological changes in microglia in amoeboid
cells, increased cell proliferation, stimulation of the secre-
tion of proinflammatory factors, suppression of the ex-
pression of neuroprotective factors, and decreased myelin
clearance. It has been shown that HERV-W ENV is present
on TLR4-positive microglia in MS lesions closely associated
with myelinated axons. In myelinated cocultures stimulated
with ENV proteins, microglia are forced to contact with
axons, which leads to the leakage of intraaxonal and my-
elin proteins. Taken together, these observations suggest
that HERV-W ENV in the MS brain may induce myeloid
cells to cause damage to myelinated axons. HERV-W
ENV-mediated modulation of microglial cell polarization to
a proinflammatory (M1) phenotype contributes to axonal
damage and neurodegeneration in MS [5].

In the works of Rolland et al. and Saresella et al.,
when studying the mechanisms of the pro-inflammatory
properties of the surface unit (ENV-SU) of the HERV-W/
MS-associated retrovirus (MSRV) envelope protein, it
was shown that ENV-SU is able to specifically activate
monocytes through the pattern recognition receptors
CD14 and TLR4. This activation is associated with
the release of major pro-inflammatory cytokines such
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as IL-1B, IL-6 and TNF-a [14,15]. In our study, we
observed a similar secretion profile of IL-18, IL-12 and
IL-1RAin monocyte culture in the presence of HERV-W
ENV and LPS.

HERV-W ENV protein may exhibit its TLR4-depen-
dent proinflammatory effect in the central nervous system
(CNS) and thus initiates and/or significantly exacerbates
the disease. This idea is consistent with the data of Perron
et al. [16] that the HERV- ENV glycoprotein is expressed
in the white matter of MS brains and that the viral load
detected in the cerebrospinal fluid increases with the pro-
gression of MS and thus can have an important prognostic
value for the disease [17]. The effect of viral load was
confirmed by our studies in vitro in a group with a progres-
sive type of MS, for which it was shown that the HERV-W
ENV glycoprotein causes an imbalance in the production
of IL-1B/IL-1RA. Thus, the reduced value of the ratio of
IL-1RA and IL-1B production during the cultivation of
intact monocytes, as well as with the addition of TLR4
and TLR7/8 agonists in patients with MS may indicate a
violation of auto- and paracrine regulation in IL-1RA/IL-18
system, and can be considered as one of the pathogenetic
mechanisms of the formation of the pro-inflammatory
context [18,19].

Mameli et al. have demonstrated that cytokines
such as TNF-a and IFN-y can activate the ERVWE1
promoter. The highest activation of HERV-W expression
in glioblastoma cells was observed under the influence
of TNFa. They also emphasized that the mechanism of
activation of transcription by these cytokines is associ-
ated with increased binding of the p65 subunit of NF-kB
to a sensitive element located in the enhancer region of
the ERVWE1 promoter [20].

According to our data, the reserve capacity of mono-
cytes to produce TNF-a in patients with MS was also
higher than in healthy individuals, which may indicate
changes in the subpopulation composition of cells produ-
cing these cytokines (reflecting the increased contribution
of CD14+CD16++ monocytes).

The studies of Wang et al. have shown that TLR4
knockdown disrupts HERV-W ENV-induced TNF-a and
IL-10 expression. Overexpression of HERV-W ENV
results in upregulation of MyD88, transmitting a signal
from TLR4. HERV-W ENV upregulates IL-10 and TNF-a
expression by suppressing MyD88 production in glial
cells [21].

The results of our work indicate a tendency towards
activation of peripheral blood monocytes in patients with
MS with their polarization towards proinflammatory M1
phenotype, at the same time there was an increased
activation of arginase in monocytes upon stimulation with
HERV-W ENV, especially pronounced in patients with a
progressive course of the disease.

Plasticity of cells of monocyte origin is due to the dy-
namic integration of numerous signals coming from neigh-
bouring pro- and anti-inflammatory cells, characterized
by different metabolic states and differential regulation
of phenotypic markers. Among them, the expression of
such enzymes as inducible nitric oxide synthase (INOS)
and arginase-1 is commonly used as a signature marker
for evaluation of pro- and anti-inflammatory polarization
of monocytes, respectively [22-24].
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The differential distribution of proinflammatory and
anti-inflammatory monocytes at the borders of the CNS
can significantly affect the functional activation of these
cells invading the central nervous system during autoim-
mune inflammation. CNS barrier cells (blood-brain barrier
(BBB) endothelial cells and vascular plexus epithelial
cells) can directly regulate the transcription of NOS2
(encoding iINOS) and Arg1 (encoding arginase-1) in
interacting monocytes. Namely, while stimulation of BBB
endothelial cells with TNF-a and IFN-y induces NOS2
expression in monocytes, IL-1B-induced activation of BBB
endothelial cells leads to significant upregulation of Arg1
in monocytes [23,25].

Our data are consistent with the numerous data
of the authors [1,2,5,15,16], that the MSRV envelope
protein fraction contains a binding site for the cellular
receptor and allows the virus to naturally interact with
host cells. CD14 and TLR4 are evolutionarily conserved
receptors that play a critical role in APCs activation and
proinflammatory cytokine production in response to LPS
[26]. Thus, CD14 and TLR4 are PRRs that interact to
activate innate immunity in response to both bacteria
and viruses. These receptors are involved in mediating
the proinflammatory effect of the MSRV envelope protein,
identifying the HERV-W family proteins as a putative new
class of viral ligands for these PRRs.

Thus, our studies confirm that HERV-W ENV can
activate the innate immune system through TLR4 and pro-
mote the development of a Th1-type immune response.
This statement is consistent with the idea that due to
its proinflammatory properties, the HERV-W envelope
protein can participate in immunopathological cascades
associated with chronic inflammatory and neurodege-
nerative diseases.

Conclusions

1. The study of TLR-mediated activation of cells
of the monocyte fraction of PBMCs in patients with re-
lapsing-remitting and progressive type of MS revealed
a modulating effect of HERV-W ENV on the production
of TNF-a, IL-1B, IL-12 and IL-10. In patients with MS of
both groups, the reserve capacity of monocytes for IL-13
production was lower than in healthy individuals, while
the reserve capacity for TNF-a and IL-10 production was
almost twice as high as in the control group. It is important
to note that in the PMS group the value of Rci,,,, for
IL-1RA was 2 times lower than the control, so against
the background of elevated IL-18 in the PMS group, this
imbalance provokes chronic inflammation.

2. The study of the arginase pathway revealed a sig-
nificant increase in the arginase activity in monocytes
upon stimulation with TLR4 and TLR7/8 compared to
the baseline, and it was more pronounced in patients
with PMS upon monocytes incubation with HERV-W
ENV.

3. In monocytes obtained from patients with the pro-
gressive type of MS, incubation with HERV-W ENV leads
to the stimulation of the production of both proinflammato-
ry and regulatory cytokines with anti-inflammatory action;
it is considered as an important mechanism of disruption
of intercellular cooperation, which can result in a biased
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immune response, contributing to increased disease
susceptibility and more severe course of MS.

Prospects for future research. Further studies
on the effect of human endogenous retroviruses on
the activation of mononuclear phagocytes in MS are
very important for understanding the pathogenic and
neuroprotective pathways in neurological disorders and
for the development of new therapeutic agents.
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The aim of our study was to identify the most informative parameters of motor evoked potential (MEP) based on clinical and
neurophysiological comparisons in patients with Parkinson’s disease (PD) stage II.

Materials and methods. The study included 90 patients aged 45 to 75 years with stage Il PD according to Hoehn—Yahr. Exami-
nation of patients was performed according to the following scheme: clinical and neurological examination with MDS UPDRS
scale and neurophysiological examination to determine the latency, amplitude and duration of MEP after 4 tests with a gradual
increase of magnetic field induction. Our study involved patients with predominantly right and left-sided motor symptoms, so for
correct statistical analysis, the dominant side was considered as the debut side or the side with more pronounced motor symptoms,
the subdominant side was considered as the opposite one.

Results. In cases of patients with stage Il PD the MEP latency significantly decreased, and the amplitude and duration of MEP
significantly increased in samples with increasing magnetic field induction in the right and left hemispheres of the brain. It was found
significant positive moderate correlation between UPDRS part Il total score and MEP latency in the ipsilateral premotor cortex to
the dominant side of motor symptoms with samples of magnetic induction (1.1 TI—r =0.34, P <0.05; 1.32 TI-r=0.32, P < 0.05;
1.76 TI—r = 0.31, P < 0.05). Also positive mild correlation was found between MEP latency in the ipsilateral premotor cortex to
the subdominant side of motor symptoms and UPDRS part Il total score (1.54 Tl —r=0.22, P <0.05; 1.76 TI-r=0.29, P < 0.05).
Mild positive correlation (r = 0.29, P < 0.05) was found between MEP duration of ipsilateral premotor cortex to the subdominant
side of motor symptoms and UPDRS part Il total score in sample with 1.54 TI magnetic induction. No significant correlations were
found to the amplitude parameter and the severity of clinical symptoms in investigated patients with PD stage II.

Conclusions. The most informative neurophysiological indicators in patients with PD stage Il are the MEP latencies. The MEP
latencies of the premotor cortex, which is ipsilateral to the side with more pronounced motor symptoms, have a particularly close
relationship with UPDRS part Il total score in the samples with 1.10-1.76 Tl magnetic inductions (r = 0.31-0.34, P < 0.05).
The MEP duration of premotor cortex, which is ipsilateral to the side with less pronounced motor symptoms, is most closely
associated with the severity of motor manifestations on the subdominant side in patients with PD stage Il (r = 0.27, P < 0.05).

AiarHocTMUHa UiHHICTL NapameTpiB MOTOPHOTO BUKAMKAHOFO NOTEHLiany
B naujeHTiB i3 xBopo6oto MapkiHcoHa Il cTaaii

A. B. AemueHko, Ax. H. ApaBiubka

MeTa po60oTH — BU3Ha4NTV HabiNbLL iHhOpMaTKBHI NapamMeTpy MOTOPHOTO BUKMMKaHOro noteHuiany (MBI) y navieHTis i3 XBo-
poboto MapkiHcoHa (XM) Il cTagii Ha niacTasi kNiHiko-HEMPOi3ionoriYHMX 3icTaBnEeHb.

Marepianu Ta metoam. Y gocnimkeHHs 3anyyunu 90 xeopwx Bikom Big 45 o 75 pokis i3 XI Il cTagiji 3a Xen—Apom. Xeopum
3AINCHWNY KNiHIKO-HEBPOMOriYHe 0OCTEXEHHS 3 OLjiHIOBaHHAM 3a Wwkanoto MDS UPDRS, a Takox HelipodisionoriyHe focnimKeH-
HS1 3 BU3HAYEHHSIM NaTEHTHOCTI, amnniTyau, nnowwi Ta Tpusanocti MBI nicns npoBeneHHst 4 npo6 3 NOCTYNOBUM MiABULLEHHSIM
iHOYKUii MarHiTHoro nonsi. Y gocnigxeHHi 6panm yyactb nepeBaxHoO NaLieHTW 3 NpaBo- Ta NIBOBIYHAMWN MOTOPHUMU CUMMTOMAMMU,
TOMY A7151 KOPEKTHOTO CTATUCTUYHOTO aHaridy AOMiHaHTHWIA Bik BBakanu AeboTHIM abo 60KOM i3 BinbLL BUPAXEHUMI PYyXOBUMU
cMNTOMamu, Cy6aoMiHaHTHWIA Bik BBaKany NPOTUNEXHUM LOMIHAHTHOMY.

Pesyniratu. Busieiunw, wo B obctexenx i XIM 1| cragii nateHTHicTs MBI BiporigHo amMeHLUyBanacs, a amnrityaa Ta Tpusanicts MBI
[0CTOBIPHO 30inbLLyBanvCh y npobax i3 nifBMLLIEHHSM iHAYKLIi MarHITHOro Monst y Npasii i Nisiii remicchepax rorloBHOro Moaky. BuaHaumnm
BipOrigHy MoMipHY kopensito Mix 3aranbHum 6anom UPDRS yacTuhm Il Ta nateHTHicTio MBI B incunateparkHii pemMoTopHil Kopi
[0 JOMiHAHTHOrO 60Ky MOTOPHUX CUMMTOMIB Y Npo6ax i3 MarHiTHot iHaykuieto (1,1 Tn—r=0,34, p<0,05; 1,32 Tn-r=0,32, p < 0,05;
1,76 Tn—r=0,31, p <0,05). Takox BCTAHOBWNM NO3UTUBHY Criabky kopensiLiito Mix nateHTHicTio MBI B incunarepanbHii npeMoTopHil
Kopi Ao cy©AOMiHaHTHOrO 60Ky MOTOPHUX CUMMTOMIB i3 3aranbHum 6anom UPDRS vactuhu Il (1,54 Tn—r=0,22, p < 0,05; 1,76 Tn—
r=0,29, p <0,05). Busisunu cnabky nosutveHy kopensito (r = 0,29, p < 0,05) mix TpusanicTio MBI incunatepanbHOi NpeMoTOpHOI
Kop¥ 10 Cy6LOMiHaHTHOrO 60Ky MOTOPHIX CUMMTOMIB i 3aranbHoH oLliHkor UPDRS vacTim Iy 3pasky 3 MarHiTHOR iHaykuieto 1,54 Tn.
Biporigi kopensii amnnityay Ta BUpaxeHOCTi KMiHiYHUX cuMnToMiB Y navieHTis i3 XIT Il cTagii He BU3Haumnm.

BucHoBkuM. HanbinbLu iHpopmaTuBHWiA HerpodisionoriyHmii nokasHuk y nauieHTis i3 XIM || ctagii — nateHTHicTe MBIT. JlateHT-
HicTb MBI npemoTopHOoi kopy incunatepanbHoro 60ky 3 Ginblu BUPXKEHUMU MOTOPHUMI CUMMTOMaMK Mae 0COBMMBO TiCHWIA
38’130k 3 ouiHkoto UPDRS yactuhm Il y npo6ax i3 marHiTHoto iHaykuieto 1,10-1,76 Tn (r = 0,31-0,34, p < 0,05). Tpueanicts MBI
MPEMOTOPHOI KOpW incunatepasnbHoro BoKy 3 MEHLL BUPKEHUMU PYXOBUMW CUMMTOMaMU HAWTICHILLE NOB’'Si3aHa 3 BUPAXEHICTIO
MOTOPHMX NpPOsiBiB Ha cybaomiHaHTHOMY Goui B nauieHTi i3 Il cragieto XM (r = 0,27, p < 0,05).
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Parkinson’s disease (PD) is a common neurodegenerative
disease characterized by motor and non-motor symptoms.
The number of patients with PD covers 1 % of the popu-
lation over the age of 60 and tends to increase with age
[6]. The problem of the spread of PD is of great medical
and social importance, as their clinical manifestations lead
to impaired quality of life of patients already in the early
stages of the disease.

It is known that patients with PD have a wide
range of disorders of neurophysiological parameters in
the primary motor cortex, which are correlated in direct
proportion to the severity of clinical motor symptoms of
PD [2,8]. Neurophysiological parameters of the central
nervous system (CNS) can be assessed using transcra-
nial magnetic stimulation (TMS) [4,10]. The method of
diagnostic TMS makes it possible to assess the excit-
ability of the nervous system using the parameters of
motor evoked potential (MEP), which include latency,
amplitude and duration [8].

The presence of oligobradykinesia, muscle rigidity
and rest tremor significantly impairs the quality of life of
patients with PD. It is a proven fact that dopaminergic
therapy improves the motor activity of patients with PD
and has a positive effect on neurophysiological para-
meters [2,8].

The availability of research on the objective assess-
ment of the course of the disease and the effectiveness
of treatment of PD determines the relevance of studying
changes in neurophysiological parameters of the CNS
in these patients. However, the sources that we have
analyzed provide insufficient amount of often contradictory
data about the diagnostic value of neurophysiological
parameters of CNS excitability in patients with PD [8,9].
That is why the search for diagnostically reliable neuro-
physiological parameters is promising for the possibility
of objective assessment of the treatment results with
neurophysiological methods.

Aim
Was to identify the most informative parameters of motor

evoked potential based on clinical and neurophysiological
comparisons in patients with Parkinson’s disease stage II.

Materials and methods

The study was conducted on the basis of the educa-
tional and scientific medical center “University Clinic” of
Zaporizhzhia State Medical University. 90 patients (51
women and 39 men) aged 45 to 75 years with stage || PD
according to Hoehn—Yahr were examined. The mean age
was 66.22 + 8.07 years. The average duration of the di-
sease was 3.69 + 2.19 years. At the onset of the disease,
the predominance of motor symptoms was observed in 71
patients on the right and 19 patients on the left.

The diagnosis of Parkinson’s disease was estab-
lished according to the criteria of the British Society
for Parkinson’s Brain Bank and the Clinical Protocol
(Guideline 00798), recommended by the Ministry of
Health of Ukraine on 08.08.2018 and formulated ac-
cording to class G20 (Extrapyramidal and other motor
disorders) of the International Classification of Di-
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seases, 10" revision. The stage of PD was determined
by the classification of Hoehn-Yahr (1967). Exclusion
criteria were: patients with stages |, IlI-V PD, other
extrapyramidal disorders, inflammatory, autoimmune,
cancer and mental illness; with decompensated stage
of somatic pathology.

All patients who agreed to participate in the study
signed an informed voluntary agreement. The study was
conducted in accordance with the ethical standards of
the Commission on Bioethics of Zaporizhzhia State Me-
dical University, as well as the Helsinki Declaration of 1975
and its revised version of 2000. Levodopa/carbidopa and
pramipexol were prescribed for all patients. The dose of
pharmacotherapy was stabilized during 1 month before
patients’ including in investigation.

Examination of patients was performed according
to the following scheme: clinical and neurological using
the Unified Parkinson’s Disease Rating Scale of the In-
ternational Movement Disorders Society (Movement
Disorder Society Unified Parkinson’s Disease Rating
Scale — MDS UPDRS) and neurophysiological study.
Diagnostic TMS was performed on an extended thera-
peutic magnetic stimulator Neuro MS/D from Neurosoft
(RF) with the ability to regulate magnetic pulses from
0 to 2.2 Tl. To assess the parameters of MEP, with
the registration of the muscular response in m. abductor
pollicis brevis bilaterally, used the software and hardware
complex of the neuromyograph Neuron-Spectrum/4MEP
with transcranial magnetic stimulator Neuro MS/D. The
latency, amplitude and duration of MEP were studied
after 4 tests with a gradual increase of the induction of
the magnetic field (1.1 TI - 50 %, 1.32 TI - 60 %, 1.54
TI-70% and 1.76 TI-80 %) from the maximum possible
device Neuro MS/D (2.2 TI - 100 %). The latent period
of MEP is defined as the time (in ms) from the beginning
of stimulation of the premotor zones to the moment of
MEP in the corresponding muscle. The amplitude of
the MEP (mV) is defined as the deviation from the isoline
of the positive peak to the negative peak potential. The
duration of MEP (ms) is determined by the beginning
of the deviation of the motor potential before its return
to the isoline.

Given that our study involved 71 patients with predo-
minantly right-sided motor symptoms and 19 patients with
predominantly left-sided symptoms, for correct statistical
analysis, the dominant side was considered the debut
side or the side with more pronounced motor symptoms,
the subdominant side was considered the opposite.
A score of part lll of the UPDRS scale, which reflects
the severity of motor symptoms, was also used to de-
termine the lateralization of clinical symptoms. The sum
of the UPDRS Part Il scores, reflecting the severity of
symptoms on the dominant and subdominant side, was
considered separately to assess clinical symptoms. The
calculation of MEP parameters for the ipsilateral premotor
cortex to the dominant and subdominant sides of motor
symptoms was also calculated separately.

The results of the study were processed using the sta-
tistical package of the licensing program Statistica® for
Windows 13.0 (No. JPZ8041382130ARCN10-J), as well
as Microsoft Excel 2010. The nature of the variable’s
distribution in the variation series was determined using
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the Shapiro-Wilk test. Also in the case of normal distri-
bution of variables, the descriptive statistics is presented
in the form of arithmetic mean and standard deviation
(M £ SD), in case of abnormal distribution — in the form
of median and interquartile range Me (Q1; Q3). The
probability of discrepancies in indicators was assessed
by the criteria of Mann-Whitney U test, Wilcoxon test,
Kruskal-Wallis test and Friedman—Kendall test. Also
correlation coefficient was calculated using Spearman
coefficient. For the criteria differences were considered
significant at P < 0.05.

Results

Complaints of tremor were reported by 87.00 % of patients,
muscle stiffness 73.33 % and slowness of movement by
62.11 % of patients. The presence of disturbances and
changes in handwriting was noted by 81.11 % of patients,
difficulty in getting up from a sitting position — 38.89 %,
difficulty in walking and maintaining balance — 45.56 %,
freezing while walking — 35.56 %. Restriction of habitual
activity and hobbies due to the influence of motor symp-
toms of PD was noted by 65.56 % of patients, including
slowness of chewing and swallowing — 44.44 %, difficulty
in cooking — 52.22 %, dressing — 58.89 %, hygienic pro-
cedures — 55.56 % of patients.

In addition to motor symptoms, patients also com-
plained of immobile symptoms: fatigue from habitual ac-
tivity — 80.00 %, anxiety — 78.89 %, low mood — 73.34 %,
apathy —61.11 %, memory loss — 64.45 %, concentration
—55.56 %, frequent night awakenings — 76.67 %, day-
time sleepiness — 60.00 %, frequent (imperative) urges to
urinate — 58.89 %, frequent urination at night — 52.23 %
and constipation — 61.12 % of patients. Less often,
patients complained of dizziness — 44.44 %, increased
salivation — 33.34 % and periodic benign hallucinations
in 12.22 %.

Neurological examination of patients with stage || PD
revealed muscle rigidity of the plastic type in the muscles
of the upper extremities in all patients and in the lower
extremities in 98.89 % of patients; asymmetry of muscle
rigidity in the form of predominance in the right extre-
mities in 78.89 % and in the left extremities in 21.11 %
of patients; bradykinesia was detected in the right upper
extremity muscle in all patients and in the left upper
extremity muscle in 98.89 % of patients. Rest tremor
was determined in 98.89 % of patients, including its
predominance in the right extremities in 75.56 % and
in the left extremities in 24.44 % of patients. Violation
of the physique (stiffness and stooping) was observed
in 97.78 % of patients, violation of the test with getting
up from a chair without the help of hands — in 95.56 %,
gait disorders — in 81.11 %, stiffness when walking — in
60.00 %, speech disorders (in the form of decreased
modulation, diction and volume) —in 62.22 %, decreased
facial expression —in 90.00 % of patients.

The overall score on the MDS UPDRS scale in pa-
tients with stage Il PD was 76.00 (70.00; 83.00) points;
score on part | (non-motor manifestations that affect
everyday life) — 15.00 (13.00; 19.00) points, on part Il
(motor aspects that affect daily life) — 13.00 (9.00; 15.00)
points and on part lll (objective assessment of motor
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functions) —49.00 (46.00; 52.00) points, part Ill dominant
side — 13.00 (11.00; 14.00), part Ill subdominant side —
11.00 (10.00; 12.00).

According to the studied neurophysiological para-
meters of the premotor cortex excitability, in the examined
patients when comparing 4 samples with increasing
induction of magnetic stimulus there was a significant
(according to Friedman test) decrease in the latent period
of MEP in the ipsilateral (P < 0.001) premotor cortex to
the predominant side of motor symptoms, but in the con-
tralateral premotor cortex there was only a tendency to
reduce the latency of MEP (P = 0.08) (Table 1).

In a pairwise comparison of MEP latency in samples
with increasing magnetic stimulus, it was determined
that in the contralateral premotor cortex to the predomi-
nant side of motor symptoms in pair of samples with
stimulus induction 1.10-1.76 Tl there was a significant
decrease (P = 0.03) in the latent period of MEP, when
comparing pairs of data samples with a stimulus inten-
sity of 1.10-1.32 Tl and 1.10-1.54 Tl was insignificant
(P >0.05) (Table 1). Comparing the latent period of MEP
of the ipsilateral premotor cortex to the predominant side
of motor symptoms in pairs of samples with magnetic
stimulus induction, significant decrease was found in all
pair of samples (P < 0.01) (Table 1). The MEP latency
parameters were also compared between the contra- and
ipsilateral premotor cortex to the predominant side of
motor symptoms: significant differences were not found
in any samples of induction of magnetic stimulus (1.1
TI-P=0.61;132TI-P=0.72; 1.54 TI-P = 0.86; 1.76
TI-P=0.91).

Inthe examined patients with samples with increasing
induction of the magnetic stimulus, a significant increase
in amplitude was observed according to the Friedman
test in the contra- (P < 0.001) and ipsilateral (P < 0.001)
premotor cortex to the predominant side of motor symp-
toms (Table 2). Comparing the amplitude of the MEP
between the contra- and ipsilateral premotor cortex,
interhemispheric asymmetry of the MEP amplitude was
not found in any samples of magnetic stimulus induction
(11TI-P=0.12;1.32TI-P =0.35;1.54 TI- P = 0.20;
1.76 TI- P =0.38).

The duration of MEP in both premotor areas of
the brain increased (P < 0.001) with the increase of
induction of the magnetic field (Table 3). Comparing
the amplitude of the MEP between the contra- and
ipsilateral sides of the premotor cortex in all samples
with increasing induction of the magnetic impulse, no
significant difference between the parameters was found
(1.1TI-P=0.86;1.32TI-P=0.77; 1.54 TI- P = 0.99;
1.76 TI- P = 0.26).

To compare motor clinical symptoms with inves-
tigated neuruphysiological parameters, we calculate
the Spearman’s correlation coefficient between UPDRS
score (UPDRS, part Il total score, part Il dominant
side, part Il subdominant side) and of MEP parameters
(Table 4).

Significant positive moderate correlation was found
between UPDRS part Il total score and MEP latency in
the ipsilateral premotor cortex to the dominant side of
motor symptoms with samples of magnetic induction (1.1
TI-r=0.34,P<0.05;1.32 TI-r=0.32, P < 0.05; 1.76
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Table 1. Latency of MEP in the contra- and ipsilateral premotor cortex to the predominant side of motor symptoms in patients with stage Il PD,

Me (Q1; Q3)

Parameters

14T

Latent period of MEP on the contralateral 22.50 (21.60; 24.00)

premotor cortex, ms
Latent period of MEP on the ipsilateral
premotor cortex, ms

22.85(21.70; 23.70)

Magpnetic field induction

1.32 TP
22.60 (21.90; 23,70)

22.60 (21.60; 23.70)

1.54 TP

22.60 (21.40; 23,80)

22.65 (21.50; 23.50)

1.76 TI*

22.45 (21.40; 23.70)

22.35 (21.40; 23.30)

.n
0.92 0.21 0.03

<0.001 0.01

0.002

<0.001

P: according to Friedman test; P*-2, P*-3, P*-4: by Wilcoxon test.

Table 2. Amplitude of MEP in the contra- and ipsilateral premotor cortex to the predominant side of motor symptoms in patients with stage Il PD,

Me (Q1; Q3)

Parameters

Magnetic field induction

Amplitude of MEP on the contralateral
premotor cortex, mV

Amplitude of MEP on the ipsilateral premotor
cortex, mV

0.80 (0.25; 2.12)

0.58 (0.10; 1.61)

1.32 TP
1.74 (0.51; 3.62)

1.45 (0.47; 3.13)

1.54 TP

2.71(1.07; 4.08)

2.04 (0.82; 3.52)

1.76 TI*

2.69 (1.43; 4.13)

2.38 (0.80; 3.93)

<0.001

<0.001

<0.001 <0.001

<0.001

<0.001

<0.001

<0.001

P: according to Friedman test; P*-2, P*-%, P*-4: by Wilcoxon test.

Table 3. Duration of MEP in the contra- and ipsilateral premotor cortex to the predominant side of motor symptoms in patients with stage Il PD,

Me (Q1; Q3)

s

Duration of MEP on the contralateral
premotor cortex, ms

13.05 (10.60; 16.50)

Duration of MEP on the ipsilateral premotor
cortex, ms

12.95 (10.10; 16.50)

1.32 TP
16.10 (12.90; 19.20) 17.80 (14.80; 20.80) 20.35 (15.50; 23.30) <0.001

1.54 TP

1.76 TI*

<0.001

15.40 (12.80; 20.80) 17.75 (13.50; 22.50) 19.50 (14.80; 21.90) <0.001 <0.001

<0.001

.n

<0.001

<0.001

<0.001

P: according to Friedman test; P*-2, P*-%, P*-4: by Wilcoxon test.

TI-r=0.31, P <0.05). Also positive mild correlation was
found between MEP latency in the ipsilateral premotor
cortex to the subdominant side of motor symptoms and
UPDRS part Il total score (1.54 Tl —r =0.22, P < 0.05;
1.76 Tl — r = 0.29, P < 0.05). We found mild positive
correlation (r = 0.29, P < 0.05) between MEP duration
of ipsilateral premotor cortex to the subdominant side
of motor symptoms and UPDRS part Ill total score in
sample with 1.54 Tl magnetic induction. The MEP laten-
cy on the ipsilateral premotor cortex to dominant side
positively correlates with Part |ll Dominant side score
in the sample with 1.1 Tl magnetic induction (r = 0.21,
P < 0.05). The MEP duration on the ipsilateral premotor
cortex to the dominant side had positive mild correlation
with Part Ill Subominant side score (1.54 Tl —r = 0.25,
P < 0.05). Also \positive mild powered correlation was
found between MEP duration on the ipsilateral premotor
cortex to the subdominant side with Part Ill Subominant
side score in samples with 1.32 Tl (r=0.26, P <0.05) and
1.54 Tl (r=0.27, P <0.05) magnetic induction. There were
no statistically significant relationships between MEP am-
plitude and the severity of motor symptoms. It was found
that UPDRS total score only correlated with Duration of
MEP on the ipsilateral premotor cortex to the subdominant
side of motor symptoms (r = 0.29, P < 0.05).

Based on a comparative analysis using the Kruskal—
Wallis test, it was found that groups of patients with dif-
ferent severity of motor symptoms (according to the total
score of Part [Il UPDRS) also had significant differences
in the value of MEP latency both in the premotor cortex
ipsilateral to Dominant side of motor symptoms (in tests
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Table 4. Spearman’s correlation coefficient between UPDRS Score and parameters

of MEP
Parameters Magnetic UPDRS UPDRS
field Part Il Part Il
induction dominant | subdominant
side score | side score
Latency of MEP on 1.10TI 0.12 0.34* 0.21* 0.19
the ipsilateral premotor 1327l 0.11 0.32* 0.19 0.13
cortex to the dominant . . " . .
side of motor symptoms 1.54 Tl 0.01 0.17 0.08 0.02
1.76 Tl 0.14 0.31* 0.20 0.16
Latency of MEP 1.10TI -0.04 0.10 0.00 0.00
on the ipsilateral 1327 004 0.13 -0.04 -0.02
premotor cortex to
the subdominant side of ~ 1.54 Tl 0.08 0.22 0.06 0.02
motor symptoms 1.76 Tl 0.10 0.29* 0.1 0.12
Amplitude of MEP on 1.10TI -0.13 -0.15 -0.14 -0.09
the ipsilateral premotor 4 35 1 0.00 011 047 014
cortex to the dominant . . . . .
side of motor symptoms 1.54 Tl -0.04 -0.09 -0.16 -0.08
1.76 T -0.02 -0.02 -0.13 -0.13
Amplitude of MEP 1.10TI 0.10 -0.02 -0.05 -0.07
on the ipsilateral 1327 009 0.08 0.10 0.09
premotor cortex to
the subdominant side of ~ 1.54 Tl 0.06 0.02 0.01 0.10
motor symptoms 1.76 Tl 0.08 -0.04 -0.05 -0.02
Duration of MEP on 1.10TI -0.05 -0.09 -0.08 -0.02
the ipsilateral premotor 13271 0.11 012 0.14 0.20
cortex to the dominant : : : ’ :
side of motor symptoms 1.54 Tl 0.03 0.13 0.14 0.25*
1.76 Tl -0.05 0.01 0.01 0.08
Duration of MEP 1.10TI 0.04 -0.03 -0.04 0.01
on the ipsilateral 1327 042 0.15 0.19 0.26"
premotor cortex to
the subdominant side of ~ 1.54 Tl 0.29 0.27* 0.18 0.27*
motor symptoms 1.76 Tl 0.00 0.06 0.03 0.15
* P <0.05
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Table 5. Motor evoked potential parameters according to the motor symptoms severity using UPDRS Scale Part Ill Score

Parameters

Magpnetic field
induction

Latency of MEP on the ipsilateral premotor 1.10 Tl

cortex to the dominant side of motor

symptoms

1327l
1.54 Tl
176 Tl

Latency of MEP on the ipsilateral premotor 1.10 Tl

cortex to the subdominant side of motor

symptoms

Amplitude of MEP on the ipsilateral
premotor cortex to the dominant side of

motor symptoms

Amplitude of MEP on the ipsilateral
premotor cortex to the subdominant side

of motor symptoms

Duration of MEP on the ipsilateral

premotor cortex to the dominant side of

motor symptoms

Duration of MEP on the ipsilateral

premotor cortex to the subdominant side

of motor symptoms

1327l
1.54 Tl
176 Tl
110TI
1.327TI
1.54 Tl
1.76 Tl
1.10TI
1.327TI
1.54 Tl
1.76 Tl
1.10TI
1.327TI
1.54 Tl
1.76 Tl
1107l
1.327TI
1.54 Tl
1.76 Tl

UPDRS Scale Part lll total score

<45 points,
n=20

2210 (21.15; 23.40
21.70 (20.75; 22.90
21.85 (21.20; 23.50
21.45 (20.80; 22.45
22.50 (21.55; 23.70
22.55 (21.70; 23.35
22.00 (20.90; 23.15
21.85 (21.10; 22.50
0.94 (0.28; 2.21)
2.11(0.77; 3.81)
2.74 (1.77; 3.58)
3.70 (1.33; 4.70)
)
)
)

1.70 (0.33; 2.22
1.64 (0.42; 3.66
2.69 (1.79; 5.06
3.56 (2.38; 4.67)
13.55 (11.35; 16.40)
15.00 (11.85; 18.90)
16.50 (12.30; 20.65)
18.90 (15.00; 21.70)
14.90 (12.40; 18.10)
15.30 (11.27; 17.35)

(
(
(
12.65 (9.41; 16.80)
(
(
(

20.55 (12.45; 22.20)

46-50 points,

n=39

22.75 (21.40; 23.90) 23.20 (22.70; 24.60) 0.005
22.60 (21.30; 23.50) 23.10 (22.40; 24.90) 0.008
22.50 (21.40; 23.70) 22.80 (21.90; 23.60) 0.331
22.45 (21.70; 23.40) 22.80 (22.10; 23.80) 0.012
22.30 (21.00; 24.10) 22.50 (21.90; 24.20) 0.490
22.25 (21.60; 23.60) 22.90 (22.00; 24.00) 0.388
22.50 (20.90; 24.20) 22.90 (22.20; 24.00) 0.135
22.35 (20.80; 23.60) 23.10 (21.70; 23.80) 0.027
0.581 (0.097; 1.610) 0.480 (0.085; 1.270) 0.026
1.270 (0.299; 2.680) 1.510 (0.417; 3.480) 0.456
1.550 (0.623; 3.520) 1.880 (0.483; 4.250) 0.198
1.990 (1.000; 2.790) 3.110 (0.600; 4.390) 0.283
0.614 (0.097; 1.520) 0.841 (0.454; 1.490) 0.144
1.435 (0.453; 3.220) 1.920 (0.858; 4.070) 0.216
2.170 (0.600; 3.210) 3.320 (1.980; 4.300) 0.521
2.200 (0.778; 3.270) 3.160 (2.030; 4.520) 0.055
12.80 (9.490; 16.90) 12.60 (9.740; 16.70) 0.008
15.35 (13.30; 20.00) 17.50 (14.40; 21.40) 0.792
18.90 (13.50; 22.80) 18.90 (14.10; 22.70) 0.249
20.00 (14.70; 23.90) 19.60 (15.20; 22.60) 0.415
13.35(11.10; 16.50) 12.60 (9.620; 16.10) 0.802
16.60 (13.70; 19.00) 17.60 (13.10; 20.10) 0.880
19.05 (15.80; 22.10) 20.40 (15.60; 24.20) 0.006
20.75 (16.00; 24.10) 20.10 (17.60; 24.00) 0.574

P: according to Kruskal-Wallis test.

Table 6. Motor evoked potential parameters according to the motor symptoms
severity on the Dominant side using UPDRS Part Ill Score

Parameters

Latency of MEP

on the ipsilateral
premotor cortex to
the dominant side of
motor symptoms

Latency of MEP

on the ipsilateral
premotor cortex to
the subdominant side
of motor symptoms

Amplitude of MEP
on the ipsilateral
premotor cortex to
the dominant side of
motor symptoms

Amplitude of MEP

on the ipsilateral
premotor cortex to
the subdominant side
of motor symptoms

Duration of MEP

on the ipsilateral
premotor cortex to
the dominant side of
motor symptoms

Duration of MEP

on the ipsilateral
premotor cortex to
the subdominant side
of motor symptoms

Magnetic
field
induction

1.10TI
1.32TI
1.54 Tl
176 Tl
1.10TI
1.32TI
1.54 Tl
176 T
1.10TI
1.32TI
1.54TI
176 Tl
1.10TI
1327l
1.54 Tl
176 T
1.10TI
1.32TI
1.54 T
176 Tl
1.10TI
1.32TI
1.54TI
1.76 Tl

UPDRS Part lll Dominant Side score

22.70 (21.50; 23.70)
22.20 (21.20; 23.40)
22.50 (21.50; 23.60)
22.30 (21.20; 23.10)
22.50 (21.70; 24.00)
22.90 (22.00; 24.30)
22.60 (21.70; 24.00)
22.40 (21.40; 23.70)
0.56 (0.09; 1.60)

1.91 (0.68; 3.14)
2.36 (0.82; 3.73)
2.58 (1.00; 5.11)
0.79 (0.19; 2.27)
1.53 (0.45; 3.62)
2.70 (0.63; 4.08)
3.00 (1.41; 4.44)

12.90 (10.30; 16.50)
15.00 (12.00; 20.20)
16.60 (12.50; 21.00)
17.60 (14.50; 21.90)
13.20 (11.10; 17.20)
15.10 (12.20; 18.80)
15.70 (12.60; 20.80)
21.00 (11.60; 23.00)

>13 points
(n=34)

23.00 (22.00; 24.00
22.60 (21.60; 23.90
22.70 (21.50; 23.50

(
(
22.40 (21.60; 23.50
22,50 (21.50; 24.10
22.60 (21.60; 23.70
22.60 (20.90; 23.70
22.70 (21.40; 23.80
0.58 (0.09; 1.91)
0.99 (0.40; 3.02)
1.79 (0.62; 3.52)
2.33 (0.67; 3.73)
0.81(0.27; 1.66)
)
)

1.77 (0.69; 3.83

2.72 (117, 4.25

2.59 (1.48; 3.88)

13.00 (9.74; 16.70)
16.20 (13.70; 20.90)
18.90 (14.10; 22.70)
19.60 (15.10; 22.50)
12.60 (10.40; 16.10)
16.30 (13.40; 19.80)
18.90 (15.70; 21.10)
20.10 (16.30; 23.60)

0.028
0.045
0.244
0.010
0.176
0.320
0.130
0.023
0.106
0.223
0.318
0.362
0.677
0.597
0.800
0.746
0.294
0.161
0.371
0.686
0.829
0.285
0.203
0.671

P: according to Mann-Whitney U test.
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with magnetic field induction: 1.1 Tl — P = 0.005; 1.32
TI-P=0.008;1.76 TI- P =0.012), and in the premotor
cortex ipsilateral to Subdominant side (sample 1.76 Tl —
P =0.027). The MEP amplitude in the premotor cortex of
the ipsilateral to Dominant side significantly decreased as
the severity of motor manifestations increased (sample 1.1
TI-P =0.026). The duration of the MEP in the premotor
cortex ipsilateral to Dominant side significantly decreased
with the worsening in severity of motor symptoms (sample
1.1 TI - P = 0.008), while in the premotor cortex ipsilat-
eral to Subdominant side, on the contrary, it significantly
increased as the severity of motor symptoms worsened
(test 1.54 TI— P = 0.006).

Based on a comparative analysis using the Mann-
Whitney test, it was found that patients with a total score
of Part Il UPDRS for the Dominant side of more than 13
points, had higher MEP latency values of the prefrontal
cortex on the ipsilateral to Dominant side (sample 1.1
TI-P=0.028; 1.32 TI- P =0.045; 1.76 TI- P = 0.010),
and to a lesser extent to the ipsilateral Subdominant side
(sample 1.76 TI— P = 0.023) in comparison with patients
who had UPDRS Part |l Dominant side score 13 points
and less (Table 6).

Based on a comparative analysis using the Mann-
Whitney test, it was found that patients with a total score of
Part [l UPDRS for the subdominant side of more than 10
points, had higher values of the MEP duration of the pre-
frontal cortex of the ipsilateral subdominant side (sample
1.54 TI- P =0.027) in comparison with patients who had
a total score of Part Il UPDRS for the Subdominant side
10 points and less (Table 7).
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Discussion

Studies by K. Kolmancic et al. confirmed the change in
excitability and plasticity of the sensorimotor cortex of
the brain in the early stages of PD [8]. The interhemispher-
ic imbalance and asymmetry of MEP parameters in pa-
tients with stage Il PD were not found in our investigation.
In M. Kojovic and K. Kolmancic researches contraversal
results were found: interhemispheric asymmetry of MEP
parameters depends, among other reasons, on the sex
of the patient [7,8].

Dileone M. et al. analyzed the effect of TMS on CNS
excitability depending on pharmacotherapeutic treatment
of PD (use of levodopa and dopamine receptor agonists)
and used MEP amplitude as a marker of motor cortex
response in their studies [5]. Dileone M. et al. indicated
that TMS induces dopamine-dependent changes in
cortical excitability (increase in the amplitude of MEP) in
13 examined patients with PD [5]. However, the results
of our study indicate that the amplitude of the MEP of
the premotor cortex didn't correlate with clinical motor
symptoms assessed by UPDRS Scale, which does not
allow to be used as a diagnostically reliable parameter to
assess the effectiveness of TMS therapy in patients with
stage Il PD. The study by A. Anzak et al. demonstrated
the dependence of MEP amplitude on stimulus intensity,
which is also consistent with our results on the highest
MEP amplitude at the highest induction of magnetic
stimulus (1.76 TI) [1]. Also in the study of S. Casarotto it
is noted that levodopa induces an asymmetric increase
in motor excitability on the affected side of the brain, but
in our investigation it wasn't proved [3].

Dileone M. et al. and Kolmancic K. et al. note in their
studies that MEP parameters are useful objective markers
of early disease progression that can be used to identify
the effectiveness of disease-modified therapy [5,8]. In our
study, we relied on the diagnostical significance of the stu-
died data, using the correlation between MEP parameters
with expressiveness of motor symptoms assed by UPDRS
Scale, and which allowed us to clarify the data and reveal
that the severity of motor symptoms, regardless of their
lateralization, is more associated with the MEP latency
parameter (latency of the ipsilateral premotor cortex to
the dominant side of motor symptoms with a total UPDRS
score and, to a lesser extent, due to the score of the part
Il dominant side) which is consistent to the M. Dileone
et al. and K. Kolmancic et al. researches [5,8]. This fact
is the reason to use the MEP latency as a marker for
neurophysiological assessment of the severity of motor
manifestations and monitoring the effectiveness of therapy.
No significant correlations were found to the amplitude
parameter and the severity of clinical symptoms. The mild
correlations which were found for the MEP duration with
the severity of motor symptoms draw attention, however,
a positive-proportional correlation of prefrontal cortical
structures ipsilateral to the subdominant side of motor
symptoms with a total UPDRS score, the UPDRS motor
part Il on the subdominant side which also was reflected
in M. Dileone et al. and K. Kolmancic et al. investigations
[5,8]. Itis possible to consider MEP duration as indicators
markers for monitoring the progression of PD.

It should be noted that the results of the nonparamet-
ric comparative analysis were in complete agreement with
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Table 7. Motor evoked potential parameters according to the motor symptoms
severity on the Subominant side using UPDRS Part lll Score

Parameters

Magnetic
field
induction

UPDRS Part Illl Subominant Side score

<10 points, n = 38

>10 points, n = 52

Latency of MEP 10Tl 22.70(21.50; 23.50)  23.10 (22.00; 24.40
on the ipsilateral 1327l 22.30(21.20;23.60)  22.60 (21.65; 24.05
premotor cortex to ) )

the dominant side of 154 Tl 22.65(21.50;23.60)  22.60 (21.55; 23.65
motor symptoms 176 Tl 22.20 (21.10; 22.90)  22.70 (21.90; 23.65
Latency of MEP 110TI 22.40(21.80;23.90)  22.50 (21.40; 24.15
on the ipsilateral 13271 22.65(21.90;23.70)  22.60 (21.60; 23.95
premotor cortex to ' '

the subdominant side 154 T 2245 (21.50;23.50)  22.70 (21.25; 24.15
of motor symptoms 1.76 Tl 22.10 (21.40;23.50)  22.80 (21.45; 23.95
Amplitude of MEP ~ 1.10TI  0.85(0.11; 1.95) 0.45 (0.08; 1.50)
on the ipsilateral 1327l 1.85(0.64;3.73) 1.27 (0.40; 2.68)
premotor cortex to ) i

the dominant side of  1:54T 2.35(1.01;3.74) 1.63 (0.48; 3.17)
motor symptoms 1.76 Tl 2.88(1.35; 4.29) 2.01(0.61; 3.69)
Amplitude of MEP  1.10TI  0.93(0.32; 2.05) 0.74 (0.19; 2.43)
on the ipsilateral 1327l 1.64 (0.64; 3.05) 1.76 (0.50; 4.19)
premotor cortex to

the subdominant side 154 TI 243 (1.53;3.74) 2.93 (1.00; 4.29)

of motor symptoms 1.76 Tl 2.85(1.48;4.12) 2.50 (1.31; 4.19)
Duration of MEP 110l 13.20 (10.30; 16.50)  12.80 (9.92; 16.60)
on the ipsilateral 1327l 15.30(12.00; 20.00)  16.05 (14.10; 20.85
premotor cortex to

the dominant side of | 1-54 T 16.60 (12.00; 19.70)  19.30 (14.15; 22.65
motor symptoms 1.76 Tl 19.25(14.90; 22.00)  19.50 (14.60; 21.80
Duration of MEP 110l 12.95 (9.06; 17.50)  13.05 (11.20; 15.40
on the ipsilateral 1327l 14.90 (12.60; 17.80)  17.65 (13.65; 19.70
premotor cortex to ' '

the subdominant side  1:54 T 15.70 (12.60; 20.50)  19.30 (15.70; 21.60
of motor symptoms 1.76 Tl 20.10 (11.60; 23.20)  20.55 (17.45; 23.50

)
)
)
)
)
)
)
)

)
)
)
)
)
)
)

P

0.097
0.323
0.980
0.089
0.806
0.861
0.598
0.256
0.500
0.222
0.172
0.098
0.480
0.576
0.627
0.674
0.806
0.387
0.070
0.756
0.990
0.068
0.027
0.323

P: according to Mann—-Whitney test.

the results of the correlation analysis. So, according to our
results, the latent period and duration of MEP are reliable
and valuable indicators of premotor cortex excitability,
which allows us to use these MEP parameters to evaluate
the effectiveness of treatment of PD using the method of
TMS in our further research.

Conclusions

1. The most informative neurophysiological indicators
in patients with PD stage Il are the MEP latencies. The
MEP latencies of the premotor cortex, which is ipsilateral
to the side with more pronounced motor symptoms, have
a particularly close relationship with UPDRS part Il total
score in the samples with 1.10-1.76 Tl magnetic induc-
tions (r=0.31-0.34, P < 0.05).

2. The MEP duration of premotor cortex, which is
ipsilateral to the side with less pronounced motor symp-
toms, is most closely associated with the severity of motor
manifestations on the subdominant side in patients with
PD stage Il (r=0.27, P < 0.05).

Prospects for further research are to study changes
in the parameters of the excitability of the premotor cor-
tex in patients with stage Il Parkinson’s disease during
treatment with TMS.
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Severe sepsis is accompanied by multiple organ dysfunction where acute liver failure (ALF) plays one of the most critical roles.
The principal sign of acute hepatic encephalopathy accompanying ALF is ammonia induced edema of astrocytes. In case of
ALF in sepsis, one can suppose increase in systemic and brain ammonia. Astroglia are target cells for ammonia metabolism
as they are principal source of glutamine-synthetase (GS). Previous studies have reported that ALF stimulates increase in
astroglial GS which correlates with deterioration of the animal state.

The aim of the study was to determine the level of glutamine synthetase expression in different brain regions of rats in the
conditions of experimental sepsis.

Materials and methods. The study was conducted in Wistar rats: 5 sham-operated (control) animals and 20 rats with cecum
ligation and puncture (CLP) septic model. Immunohistochemical study of GS expression was performed in the cortex, white
matter, hippocampus, thalamus, caudate nucleus/putamen in the period of 2048 h after CLP.

Results. Starting at 121" h after CLP, operated animals displayed progressive impairment finished by profound lethargy and
respiratory failure. Between 20-38 h, 9 animals expressed final mentioned symptoms and were euthanized (CLP-B, non-sur-
vived), 11 rats displayed less expressed suffering up to 48 h (CLP-A, survived). At 23 h in CLP-B and 48 h in CLP-Arats, liver
tissue displayed morphological signs of the focal irreversible damage which was aggravated with time after CLP which could
be observed dynamically in non-survived group. Both CLP-A and CLP-B rats showed gradual elevation of GS in all studied
brain regions. From 24 to 38 h after CLP, non-survived animals showed significant region-specific dynamic increase in GS
expression: in the cortex — by 69.35 %, hippocampus — by 53.6 %, thalamus — by 50.0 %; with the most substantive elevation
in the cortex — 1.69-fold increase compared to control.

Conclusions. In CLP model, 24 h after operation there is significant dynamic increase in GS level in the cortical, hippocampal
and thalamic regions of the rat brain with the most prominent in the cortex. Heterogeneous increase in GS indicates regions
more or less vulnerable for incoming systemic agents as well as region-specific reactiveness of the brain tissue, including local
astroglia, to these factors in septic conditions. Morphological signs of sepsis-associated liver damage preceding significant
increase in the brain GS by 1 h, might suppose addition of the liver failure to the course of sepsis which is accompanied by
increased level of hepatogenic toxins (presumably including ammonia) in the blood and in the brain parenchyma by 23 h
after CLP. The latter might propose an active implication of hepatogenic detrimental agents in sepsis pathophysiology and
involvement of reactively increased brain GS levels in the complex mechanisms of sepsis-associated encephalopathy.

IMyHoricToXimiuHe AOCAIAKEHHA eKenpecii TAyTaMiHCUHTETa3U
B FOAOBHOMY MO3KY LLypiB B yMOBaX MOA€EAi cencucy

T. B. LLUynsTHikoBa, B. 0. TymaHcbkui

Tsixkwid nepebir cencucy CynpoBOLKYETbCA CUHAPOMOM NONiOpraHHOi HeAOCTATHOCTI, B IKOMY FOCTpa MediHkoBa HegocTaT-
HicTb (ITTH) Bigirpae ogHy 3 HaMBaXnMBILLMX ponei. [onoBHa 03Haka rocTpoi NeYiHKOBOI eHLedanonarii, Lo CynpoBOAXYyeE
['TIH, — Habpsik acTpouwuTiB, iHAYKOBaHMI amiakom. Y pasi po3eutky MIH nig yac cencucy MoxHa Takox npunycTuTy Nigsu-
LLIeHHS! PiBHIB CCTEMHOTO Ta MO3KOBOTO aMiaky. ACTPOLMTM — KNKOYOBI KMITUHW Ans MeTaboniamy amiaky B MO3KY, OCKIMbK/ €
OCHOBHUM [pkepenoM riyTamiHcuHTeTasn (GS). MonepeaHi gocnimkeHHs nokasanu: MMH npu3soanTb 40 NiABULLEHHS PIBHIB
acTpornianbHoi GS, L0 KOPENoe 3 NOripLUEHHSIM CTaHy eKCrepuMeHTarnbHUX TBapyH.

MeTa po60TH — BU3Ha4EHHS PiBHS EKCNPECi rMyTamMiHCUMHTETa3 B Pi3HWX Bigdinax MO3KY LLypiB B yMOBaX eKCnepymeHTarb-
HOrO cencucy.

Marepianu Ta metoam. [locnigxeHHs 3giicHunm Ha Lypax niii Bictap: 5 xubHoonepoBaHux (KOHTpOrbHKX) i 20 TBapuH i3
CENTUYHOK MOZEN0 NEPEB’A3KM Ta NyHKLIT cninoi kuwku (CLP). ImyHoricToximiuHe gocnimkeHHs ekcnpecii GS BukoHanm B
Kopi, Binii pe4oBuHi, rinokamni, Tanamyci, xeoctatomy sapi/nywnuHi B nepiog Mix 20 i 48 rog nicnst CLP.

PesynkraTtu. MounHatoum 3 12 rogmhu nicns CLP, y npoonepoBaHux TBapuH crnocTepiranit NoripLUEHHs CTany, Lo Nporpecy-
Basno. Y 9 tBapuH mix 20 i 38 rog kniHiuHUi nepebir 3aBepLUMBCS PO3BUTKOM NETaprii Ta BaXKVX PECTIPAaTOPHUX MOPYLLEHD;
BOHW Oy eBTaHa30BaHi — rpyna «TBapuH, ki 3arvHynm», CLP-B. B 11 Lwypis cnocTtepirany MeHLL BUpaxeHi NopyLLEHHS CTaHy
[0 48 rog — rpyna «Tux, siki Buxunuy», CLP-A. Yepes 23 roa y wypis rpynu CLP-B, a Takox Yepes 48 rog y TBapuH rpynu
CLP-A'y TKaHUHI nediHky BUSIBUNM MOPEOMOriYHi 03HAKM BOMHWLLEBOMO HE3BOPOTHOIO MOLLKOKEHHS, L0 Mano TEHAEHLI0
[0 nporpecyBaHHs 3 Yacom nicns CLP-npoueaypy. Y CLP-A i CLP-B wypis cnoctepiranu noctynose NigBuLLEHHS piBHs GS
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y BCiX AinsiHkax Mo3ky, Wwo gocnigumu. Big 24 go 38 rog nicnsa CLP y rpyni CLP-B Bu3Haumnv BiporiaHe perioH-cneumdivxHe
AnHamivHe 36inblueHHs ekcnipecii GS: y kopi — Ha 69,35 %, rinokamni — Ha 53,6 %, Tanamyci — Ha 50,0 %; HaricToTHiLe
NiABULLEHHS — B KOpi, 30inbLueHHs B 1,69 pasa NOpiBHSAHO 3 KOHTPOMEM.

BucHoBku. Y mogeni CLP yepes 24 roguHu nicns onepadii cnoctepirany BiporigHe guHamivHe nigeuLeHHs piBHs GS y KOPKOBIN,
rinokamMnanbHin i TanamivHin ginsHkax Mo3Ky LLypa, HalcyTTEBILE NiABULLEHHS — B KOpI. [eTeporeHHe nigsuLLeHHs piBHiB GS
BKa3ye Ha PEerioHn Mo3Kky, Lo Ginblue Yu MeHLLe BPa3nuBi O CUCTEMHUX HEPOTOKCUYHIX YMHHWKIB, @ TaKOX NIATBEPAXYE
perioHarnbHy cneLmgivHICTb peakTUBHOCTI MO3KOBOI TKAHWHW, B TOMY YWCAI MIiCLIEBOI acTpormii, 4O CUCTEMHMX BMIIMBIB B yMO-
Bax cencucy. MopdonoriyHi 03Haku cencmc-acoLinoBaHOro NOLLKOMKEHHS NEYiHKK, L0 Ha 1 roguHy nepeaytoTh BiporigHOMY
36inbLUeHHI0 GS B MO3Ky, MOXYTb BKa3yBaTW Ha NpUeSHAHHS NEYiHKOBOI HEAOCTATHOCTI 40 nepebiry cencucy 3 NiaBULLEHHSIM
PiBHS renaToreHHNX TOKCUHIB (IMOBIPHO, BKIHOYa0UM amiak) y KpoBi Ta MO3KOBIM TkaHUHI Yepes 23 roauHu nicns CLP. Otxe,
MOXHa NPUNYCTUTM aKTUBHY y4acCTb renatoreHHUX LWKiANMBMX Monekyn y natodisionorii cencucy, a Takox Le CBig4nTb Npo
3aryyeHHs peakTUBHO MiABULLIEHUX PIBHIB MO3KOBOI GS y KOMNMEKCHWX MeXaHiamMax Cencuc-acoLinoBaHoi eHuedanonarii.

In 2016, sepsis was defined as a life-threatening organ
dysfunction caused by a dysregulated host response to
infection [1]. Sepsis-associated encephalopathy (SAE)
— is an acute brain dysfunction ranging from delirium
to coma and accompanies sepsis in up to 70 % of ICU
patients [2].

Mechanisms of SAE are complex and still need to be
clarified. Current knowledge about SAE is focused on neu-
rotransmitter imbalance, blood-brain barrier breakdown,
neuroinflammation, ischemic focal lesions, excessive/de-
ficient glial reactivity, selective neuronal death, alteration
of water homeostasis and brain edema [3]. Severe course
of sepsis is often accompanied by multiple organ dysfunc-
tion syndrome where acute liver failure (ALF) plays one
of the most critical roles [4]. It was evidenced decades
ago, that ALF also determines high mortality rates in
ICU departments, including patients with sepsis [5]. The
principal sign of acute hepatic encephalopathy (AHE)
accompanying ALF is ammonia induced cytotoxic edema
of astrocytes leading to generalized brain edema-swelling
[6]. Astrocytes, the main homeostatic cellular population
in the brain, are responsible for constant supporting of all
mentioned fundamental processes on physiological level.
Representing the most numerous cell population in the
brain, in pathological state they might cause deep failure
of the tissue homeostasis in diverse spectrum and lead
to progressive brain dysfunction [7,8].

In case of SAE astrocytes rapidly became reactive
performing heterogeneous morpho-functional phenotypes
in region- and time-dependent manner as was shown
in our recent study [9]. In case of ALF development in
sepsis, one can suppose increase of systemic and brain
ammonia levels. Astroglia are the target cells responsible
for ammonia metabolism inside the brain as they are the
principal cellular pool expressing glutamine-synthetase
(GS) — enzyme essential to convert ammonia and gluta-
mate to glutamine [10]. As was shown in our previous yet
not published study, in rat acetaminophen-induced acute
liver failure (AILF) model there was substantive region-
and time-dependent increase in astroglial GS expression
which correlated with deterioration of the animal state up
to coma in non-survived animals during first 24 hours after
acetaminophen overdosing. Considering high heteroge-
neity of astroglial population through the brain regions
in healthy and diseased brain, it seems rational to study
characteristic features of GS expression alteration in the
same brain regions to estimate astroglial reactiveness in
the conditions of severe sepsis model reflecting a similar
state in human sepsis.

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

Aim
The aim was to determine the immunohistochemical

level of glutamine synthetase expression in different brain
regions of rats in the conditions of experimental sepsis.

Materials and methods

The study was performed in Wistar rats, 200-300 g
(“Biomodelservice”, Kyiv, Ukraine). All experimental pro-
cedures were ruled in accordance with the European Con-
vention for the Protection of Vertebrate Animals Used for
Experimental and other Scientific Purposes (Strasbourg,
18 March 1986; ETS No. 123) and the Directive 2010/63/
EU. Animals were subjected to the cecal ligation and
puncture (CLP) model of sepsis. Rats were divided into
2 groups: CLP group (n = 20) and sham-operated (con-
trol) group (n = 5). All further experimental stages were
conducted according to previously displayed manner [11].
After CLP-procedure, rats were routinely observed up
to 48 h after operation. Beginning from the 12" hour the
following clinical signs as periorbital exudation, piloerec-
tion, diarrhea, fever/hypothermia, social isolation, deep
lethargy and severe respiratory disorders dynamically
increased in animals. During the period of 20-38 h after
CLP-procedure, 9 rats showed highly expressed men-
tioned clinical symptoms and were euthanized (“CLP-B”
— non-survived/lethal), 11 animals with less expressed
symptoms survived until 48 h — end-point of the experi-
ment (“CLP-A” — survived). Sham-operated rats (“CLP-C”)
showed no lethal outcomes. All animals from CLP-A and
CLP-C groups were sacrificed at 48 h after CLP-procedure
by intraperitoneal overdosing of sodium thiopental.
Samples of the brain and liver tissue were processed
according to standard procedures with formation of
paraffin blocks. For general histopathological analysis
hematoxylin-eosin stained sections were used. Im-
munohistochemical (IHC) study involved detection of
immunopositive labels using rabbit polyclonal anti-GS pri-
mary antibody (Thermo Scientific, USA) and Ultra Vision
Quanto Detection imaging system with diaminobenzidine
(Thermo Scientific Inc., USA). The results of IHC reaction
were assessed at magnification x200 in a standardized
field of view (SFV) of the microscope Scope. A1 “Carl
Zeiss” (Germany) using Jenoptik Progres Gryphax
60N-C1"1,0x426114 (Germany) camera and the program
Videotest-Morphology 5.2.0.158 (Video Test LLC, RF).
The expression of GS was assessed as a percentage
of the relative area (S rel., %) of immunopositive labels
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Table 1. The indicators of GS expression in different brain regions in animals of different experimental groups expressed in the percent

of immune-positive labels in the SFV, Me (Q1; Q3)

cLpA cps cpc

Cortex

Subcortical white matter
Hippocampus
Thalamus
Caudate/putamen

4.25 (4.12; 5.25)*

0.38 (0.29; 1.20)
1.72 (1.63; 2.03)"
1,68 (1.53; 2.11)*
0.97 (0.48; 1,67)

5.25 (4.23; 5.72)*
0.42 (0.32; 1.39)
1.92 (1.74; 2.11)*
1.71 (1.65; 2.25)"
1.04 (0.52; 1.76)

3.10 (2.56; 3.85
0.34 (0.27; 0.41
1.25(0.72; 1.52
1.14(0.38; 1.34
0.92 (0.47; 1.52

*: significant differences in indicators compared to control group (P < 0.05) are marked with an asterisk; CLP-A: survived group; CLP-B: non-survived group; CLP-C: control.

to the total area of the tissue section in the SFV. For the
comparative analysis of the GS expression sensorimotor
cortex, subcortical white matter, hippocampus, thalamus
and caudate nucleus/putamen regions were selected.
Five SFV of each noted region were analyzed for each
animal.

Data were statistically processed using Statis-
tica® for Windows 13.0 (StatSoft Inc., license No.
JPZ8041382130ARCN10-J) with evaluating median (Me),
lower and upper quartiles (Q1; Q3). For data comparison
between two and more than two groups, Mann—-Whitney
and Kruskal-Wallis tests were used. The results were
considered significant at 95 % (P < 0.05).

Results

Starting from the 12" hour after CLP-procedure, all
operated animals displayed progressive impairment in
periorbital exudation, piloerection, fever-/hypothermia,
diarrhea, social isolation, lethargy, and respiratory im-
pairment. Between 20 and 38 h, 9 animals expressed
pronounced mentioned symptoms and were euthanized
(“CLP-B”), while 11 rats survived until 48 h of the experi-
ment (“CLP-A"). From 23 h in non-survived, as well as 48
hin survived animals, pathohistological study of the liver
tissue revealed signs of spread ballooning degeneration
of hepatocytes of presumably centrilobular localization
with selective coagulative necrosis of individual hepato-
cytes, as well as foci of centrilobular necrosis of lobules,
neutrophilic infiltration and signs of moderate cholestasis.
Mentioned changes were aggravated with time after
CLP-procedure in case of non-survived group.

At 24 h control brains showed heterogeneous GS
expression among different regions with the highest level
in the sensorimotor cortex — 3.10 (2.56; 3.85) % and the
lowest in the subcortical white matter region —0.34 (0.27;
0.41) % (Table 1). GS labeling in all brain regions of control
animals was predominantly associated with the vascular
astroglial endfeet and in the lesser degree was related to
parenchymal astrocytic processes (Fig. 1).

IHC analyses of all studied brain regions of rats in
CLP-Aand CLP-B groups revealed enhanced GS staining.
In the sensorimotor cortex, GS* staining predominantly was
related to the superficial first two layers and was associated
with perikaryons of hypertrophically changed astrocytic
bodies as well as equally distributed over cytoplasm of
diverse types of cellular processes. Such distribution led
to neuropil diffuse-focal GS* staining (Fig. 2).

In the CLP animals, the alteration of GS expression
was characterized by heterogenous mode among different
brain regions. The highest elevation of the GS expression
was detected in the cortex and the lowest — in the caudate
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Fig. 1. GS expression in the cortex of the control rat (CLP-C group) 48 h after the sham operation

(anti-GS, Thermo Scientific, USA). x200.

Fig. 2. GS expression in the cortex of the non-survived rat (CLP-B group) 38 h after the CLP

procedure (anti-GS, Thermo Scientific, USA). x200.

nucleus/putamen region. Interestingly, both CLP-A and
CLP-B animals were noted by significant (compared to
control) elevation in GS expression only in the cortex,
hippocampus and thalamus, whereas subcortical white
matter and caudate/putamen regions showed insignificant
rise (Table 1). Increased values of GS expression in all
studied regions had no significant difference between
CLP-Aand CLP-B groups (P > 0.05), although CLP-B va-
lues were higher compared to CLP-A indicators (Table 1).

In the CLP-B group, the relative area of GS ex-
pression displayed the most prominent increase in the
cortex compared to control: 5.25 (4.23; 5.72) % and 3.10
(2.56; 3.85) %, respectively, P < 0.05, which was equal
to 69.35 % or 1.69-fold increase if compare medians of
indicators. At 48 h of the experiment, CLP-A group both
showed significant increase in cortical GS expression —
4.25(4.12; 5.25) % (Table 1).
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Fig. 3. Dynamics of the GS expression in the cortex of CLP-B rats after CLP-procedure.
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Fig. 5. Dynamics of the GS expression in the thalamus of CLP-B rats after CLP-procedure.
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The next highest growth in GS values was revealed in
hippocampus and thalamus of CLP-B group: 1.92 (1.74;
2.11) % (1.53-fold or 53.6 % compared medians to con-
trol) and 1.71 (1.65; 2.25) % (1.5-fold or 50 % compared
to control), respectively. In CLP-A group, hippocampal
and thalamic expression also demonstrated significant
increase compared to control, however values did not
differ from CLP-B group (P > 0.05), (Table 1).

Less pronounced GS level alteration in CLP-B ani-
mals was related to subcortical white matter and caudate/
putamen region: 0.42 (0.32; 1.39) % (1.23-fold/23 %
compared medians to control) and 1.04 (0.52; 1.76) %
(1.13-fold/13.04 % compared medians to control), respec-
tively. Nevertheless, the revealed excess in indicators had
no significance compared to control (P > 0.05).

From the 20™ h after operation, non-survived animals
performed dynamic elevation in GS expression in all studied
brain regions. Interestingly, the significant increase in
indicators was found only in animals died starting from
24 h after CLP-procedure with the maximal values in all
studied brain regions at 38 h — the time-point when the
last CLP-B animal was euthanized due to decompensated
state (Figs. 3-5).

In sum, in the postoperative period of CLP-procedure,
the highest GS expression was typical for the CLP-B
animals in all studied brain regions with the most substan-
tial and significant compared to control elevation in the
cortical, hippocampal and thalamic regions. Furthermore,
in the latter regions, significant and dynamic rising of GS
was revealed only starting from 24 h after CLP-procedure
and reached maximum at 38 h.

Discussion

In sepsis, besides the brain damage conditioned by the
action of systemic neurotoxins and products of dysregu-
lated immune response, in case of sepsis-associated liver
dysfunction development, one can suppose the influence
of the additional detrimental factors caused by the failure
of detoxifying and other functions of the liver.

Current concepts on pathogenesis of the brain da-
mage in SAE and AHE indicate the presence of similar
links in their mechanisms, including neuroinflammation,
abnormal glial reactivity, neurotransmitter imbalance,
disturbed water metabolism, brain edema, etc. [2,12].

Among sequences of ALF, systemic and brain hyper-
ammonemia have been considered to be principal factors
in the mechanisms of acute hepatic encephalopathy. The
target cell population in the brain for ammonia exposure
are astroglia as they are primarily ones containing glu-
tamine synthetase and metabolize ammonia [10]. Our
recent animal studies used CLP model of sepsis and
acetaminophen-induced liver failure (AILF) model of ALF,
have revealed the early astroglial reactive changes in the
cortical, white matter, hippocampal, thalamic and caudate
nucleus/putamen regions of the rat brain. In sepsis model,
dynamic significant increase in GFAP protein expression
in the cortex, white matter and hippocampus was found as
early as 20 h after CLP-procedure [9], while in AILF-model,
the trend of GFAP alterations was represented by the
form of a dynamic downward curve from 16 to 24 h after
acetaminophen treatment (yet unpublished data). These
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results suggest high and fast responsiveness of astroglia
both on systemic inflammatory challenge and on hepa-
togenic toxemia which demonstrates contrary effects on
protein expression.

Studies on GS, another principal player of astroglial
metabolism and functions including reactive astrogliosis,
have demonstrated in AILF-model pronounced but hetero-
geneous increase in GS expression in the cortex, white
matter, hippocampus, thalamus and caudate/putamen
16 h after acetaminophen treatment and maximal va-
lues at 24 h [13]. The latter fact potentially could indicate
brain regions more or less permeable for ammonia and
other toxic agents as well as heterogeneous sensitivity
of different brain regions to damage factors in conditions
of ALF. Coincidence of the high GS expression with the
period of animal’'s decompensation might indicate close
involvement of high GS levels in the development of AHE.

GS is known to be a central enzyme in the regulation
of neurotransmitters glutamate and GABA homeostasis
and therefore, supporting functionality of synapses and
neuronal circuicity [14]. SAE is characterized by the vio-
lation of the neurotransmitter tone in the nervous tissue,
leading to pronounced brain dysfunction up to coma state
[3]. The present study has demonstrated the dynamic
increase in GS expression in the CLP-rat brains with
slightly higher rates in the non-survived animals (likewise
it was observed in AILF-model of the acute liver failure)
[13], although the rise of expression in CLP-study was less
significant than in AILF and was significant only 24 h after
the procedure. The appearance of morphological signs of
focal irreversible liver damage, which preceded significant
increase in GS expression by 1 hour, might suppose
addition of the liver failure of a certain degree to a course
of sepsis with increased levels of hepatogenic toxins
(presumably including ammonia) in the blood and directly
in the brain parenchyma by 23 h after CLP-procedure.

The highest increase in GS expression in the cortex
potentially might indicate the brain region most exposed
to detrimental systemic incoming agents, as well as
specificity of the local astroglial reactivity in given complex
condition. The significant rise in GS expression from 24 to
38 h, demonstrate implication of high levels of GS protein
expression in the mechanisms of SAE progression and
suppose involvement of hepatogenic detrimental influence
among mechanisms of sepsis decompensation. Although,
the absence of a significant difference between GS ex-
pression values in survived and non-survived animals,
as well as positive correlation between GS expression
level and animal survival, may indicate that the severity
of the putative liver failure is insufficient to significantly
influence the mechanisms of thanatogenesis in the
CLP-model of sepsis.

Conclusions

1. In the conditions of CLP sepsis, as soon as 24 h
after operation, there is significant dynamic increase in
GS levelin the cortical, hippocampal and thalamic regions
of the rat brain with the most prominent in the cortex.
Heterogeneous alteration in GS expression potentially
indicates zones more or less acceptable for incoming
systemic agents as well as region-specific reactiveness
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of the brain tissue, including local astroglial populations,
to these factors in the conditions of sepsis.

2. Revealed morphological signs of sepsis-associated
liver damage preceding significant increase in the brain
GS by 1 h, might suppose addition of the liver failure of a
certain degree to the course of sepsis, which is accompa-
nied by increased level of hepatogenic toxins (presumably
including ammonia) in the blood and in the brain tissue by
23 h after CLP. The latter might propose active implication
of hepatogenic detrimental agents in sepsis pathophy-
siology and involvement of reactively increased brain GS
levels in the complex mechanisms of SAE.

Prospects for further research. Pathophysiology
of SAE still needs further clarifying. Considering growing
body of evidence for central role of glial responsibility and/
or functional disability in suspected mechanisms, it is highly
expected to continue further research in the field of glial
reactivity to systemic endotoxic challenge of different origin.
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KinbkicHe yAbTpa3BYKOBe OLHIOBAHHA CTaHy KiCTKOBOI TKAHUHM

B HEAOHOLUEeHUX HOBOHAPOAXKEHUX OAM3HIOKIB

A. 0. Uumban@*BCP 10, B. KothoBalDAEF

3anopi3bknit AepxXaBHUIA MEeAUYHUIA YHIBEPCUTET, YKpaiHa

OpwuriHaAbHI AOCAIAKEHHSA

A - KOHLIEMNLLS Ta AU3aNH AOCAIAKEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEpPAXEHHS CTaTTI

BaratonnigHa BariTHICTb NOB’S3aHa 3 BUCOKUM PU3MKOM HapOMKEHHS HEAOHOLLEHNX HOBOHapomkeHnx bnnsHiokis (HHB) Ta
hopMyBaHHSIM Y HWUX 3MEHLLEHOI KICTKOBOI Macu. BuaHaueHHs cTaHy kicTkoBoi TkaHuHu (KT) nicns HapomKeHHs Baxnvee
AN PO3YMIHHSA AUHaMIky if 3MiH y 3pocTaHHi HHB.

MeTa po6oTu — NnpoaHaniayBaTti pe3ynsraTi KifbKiCHOro YNsTPa3ByKOBOIO OLHIOBAHHS CTaHy KiCTKOBOI TkaHuHW y HHB.

Matepianu Ta metogu. ObcTexunm 24 napy GnM3HIOKIB paHHLOTO HEOHATANLHOIO BiKY, @ Takox 39 AiTel Big ogHONMIAHOI
BaritHocTi (OB) B rectauiiHomy Biui (FB) HapomxeHHs 30-36 TwxHiB. 3anyyanu napu 6nv3HiokiB 3 pisHULED B Maci Tina
5 % i 6inblwe. CtaH KT BusHavamm ynstpa3sykoBuM aeHcutometpoM «Sunlight Omnisense 9000», BUMIpHOOUM LWBKUAKICTb
NPOXomKeHHs ynbTpassyky (SOS, m/c).

Pesynsratu. Y B no 34 TuxHiB opmyBaHHst KT 3a SOS y Gnn3HIoKiB He BigpisHANMCS Hi Mix co60t0, Hi Bif HOBOHapomxe-
Hux Big OB BignosigHoro MB. Y HHB, nounHatoum 3 34 TkHeA rectauii Ta Ginblue, SOS 36inbLwysascs (p < 0,05) y cubeis i3
MEHLLIOI0 Macoto Tina npoTu BinbLumx 3a macoto Tina — 2925 (2887; 3036) m/c Ta 2866 (2801; 2895) m/c BignosigHo. 3a Kope-
NAUiAHAMK 3B’'3kamMu Macy Tina HHB He BU3Haumnu sik cyTTeBMIA (hakTop, Lo Bnnveas Ha ctaH KT. SOS y HHB mas cnabky
No3UTMBHY KopensuiHy 3anexHictb (R = 0,29, p < 0,05) Big ixHboro 'B, a B HoBoHapomkeHux Big OB BUSBUNM CunbHUIA
npsmMuin kopensauinHnia 38’a3ok (R = 0,78, p < 0,05).

Cepeq 4vHHWMKIB, Lo BnnvBamu Ha ctaH KT 3a SOS y HHB, Bu3Haumnu 3BOpOTHI cepeaHi KopensiLiiHi 38’a3k1 3 hakTopom
36inbLUEHHs KinbkocTel BariTHocTel (R=-0,59, p < 0,05) Ta 3 HAPOMKEHHAM Bif MOHOXOpIanbHOI BaratonnigHoi BariTHOCTI
(R=-0,57, p < 0,05).

BucHoBku. SOS y piteit, HapomkeHnx y I'B 34 TvkHi Ta BinbLue, ctaHosue 2925 (2887; 3036) m/c y HHB, MeHLLnxX 3a Macoto
Tina B napax. Llet nokasnuk Buwmi (p < 0,05), Hix y Binblimnx 3a macoto Tina cubcis i HHB, HapomkeHnx y B meHLue Hix
34 Txni. SOS y HHB maB cnabkuii kopensuinHnia 38'a3ok (p < 0,05) i3 ixHim B Ha BigMiHy Big AiTel, HAPOMKEHUX Y TOMY
camomy B Big OB, i He MaB KOpensLiiHOro 3B’A3Ky 3 Macoto Tina 6nn3sHiokiB. BusiBunn cepenHii kopensuiiHuin 38’830k
(p < 0,05) mix H13bkum SOS y HHB i KinbKicTio nonepepHix BariTHOCTEN, a TaKoX i3 HAPOMKEHHSAM Bif, MOHOXOpianbHOI
GaraTonnigHoi BariTHOCTi.

Quantitative ultrasound assessment of bone tissue in premature newborn twins

A. Yu. Tsymbal, Yu. V. Kotlova

Multiple pregnancy is associated with a high risk premature newborn twins (PNT) birth and the formation of low bone mass.
Determining the state of bone tissue (BT) after birth is important for understanding the dynamics of its changes in the PNTs’
growth.

Aim: to conduct and analyze the results of quantitative ultrasound assessment of BT in PNT.

Materials and methods. In the early neonatal age, 24 pairs of twins and 39 children from singleton pregnancies (SP) born
at gestational age (GA) of 30-36 weeks were examined. Pair of twins with a difference in body weight of 5% or more were
involved. BT status was determined with an ultrasonic densitometer “Sunlight Omnisense 9000”, measuring SOS, m/s.

Results. In GA up to 34 weeks SOS of BT in both twins did not differ from each other or from newborns from SP of the cor-
responding GA. In PNT, from 34 weeks of gestation and more, SOS increased (P < 0.05) in siblings with lower body weight
compared to bigger one — 2925 (2887; 3036) m/s and 2866 (2801; 2895) m/s, respectively. According to correlations, the body
weight of PNT was not determined as a significant factor influencing the state of BT. SOS in PNT had a weak positive corre-
lation (R = 0.29, P < 0.05) with their GA in contrast to the strong direct correlation (R = 0.78, P < 0.05) in newborns from SP.

Among the factors influencing the state of BT according to SOS in PNT, the inverse correlations with the factor of increasing
the number of pregnancies (R =-0.59, P < 0.05) and with birth from monochorionic multiple pregnancies (R =-0.57, P < 0.05)
were determined.

Conclusions. SOS in children born in GA of 34 weeks and older was 2925 (2887; 3036) m/s in PNT with lower body weight
in pairs. This value was higher (P < 0.05) than in bigger siblings and PNT born in GA less than 34 weeks. SOS in PNT had
a weak correlation (P < 0.05) with their GA in contrast to children born in the same GA from SP and had no correlation with
the body weight of twins. The average correlation (P < 0.05) between low SOS in PNT and the number of previous pregnancies,
as well as with birth from monochorionic multiple pregnancies.
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B ocTaHHi gecatunitTa maibke BABii 36inbLUMNACS MOLLW-
PeHiCTb GaraTonsigHMX BariTHOCTEN, LLO CTaHOBUTL 3—4 %
Bif yCix BariTHOCTEN 3aBASKWU PO3BUTKY AOMOMIKHUX
penpoayKTUBHWUX TEXHOIONIN i, IMOBIPHO, Ni3HLOTO Ma-
TepuHcTBa [1,2,4]. MNopiBHAHO 3 OAHOMMIAHOO BArTHICTIO
GaraTonnigHa NoB’si3aHa 3 iCTOTHO BULLWIM PU3VKOM Hef0-
HOLLIEHOCTI, @ OTXKE HEeCNPUATIBUMM NepUHaTanbHIMM
pesynbratamu, Lo MOB'3aHi 3 HEJOHOLLEHICTIO, SK-0T
i3 pPO3BMTKOM OCTEOMEHIii B nepegyacHo HapOmKEHNX
aitei [3,5].

Y HayKOBi niTepaTypi BUCBITIIEHO 3aKOHOMIPHOCTI
hopMyBaHHs1 KICTKOBOT Macw y HEJOHOLLEHWUX HOBOHAPO-
IDKEHUX. Buasunm, Wwo 36inbLUeHHs KICTKOBOI Macy NpsiMo
nponopLifiHe niHiiHoMy 36inbLUEHHI0 Macy Tina nroaa 3i
30inbLUEeHHsIM TepMiHy recTallii [6-8]. Ane Hemae focTat-
HbO HayKOBUX JaHUX LLOAO0 POPMYBaHHS KICTKOBOI Macu
B repeavacHoO HapoMKEHMX AiTel npu GaratonnigHux
BariTHOCTSIX, XO4a came Y Takux c1bCiB MOXHa odikyBaTu
0coBnmMBOCTI MiHepani3aLlii KICTOK i y 383Ky 3 nepeayac-
HUM HapOIKEHHSM, | BHACMIQOK BHYTPILLUHLOYTPOBHOTO
¢hopMyBaHHS KifbKOX OpraHiamiB 0HOYACHO.

Merta po6otu

lMpoaHanisyBaTy pesynbsTaTh KinbKiCHOTO yrsTpa3ByKOBO-
IO OL|iHIOBAHHS CTaHy KICTKOBOI TKQHWUHM Y HEAOHOLLEHNX
HOBOHaPOMKEHNX BI3HIOKIB.

Marepianu i meToAU AOCAIAKEHHA

KoropTHe pocnimkeHHs 3gincHunm Ha 6asi KHIM «O6-
nacHU nepuHatanbHuin LeHTp» 30P (M. 3anopixoks) y
BigAineHHsX peaHimaLlii Ta iHTEHCMBHOI Tepanii HOBOHa-
POMKEHNX, MOCTIHTEHCUBHOIO AOTAAY Ta BUXOMXKYBaHHS
HOBOHAPOMKEHUX Y CiuHi — rpyaHi 2020 p.

My6nikauis matepianis norogpxkeHa Komicieto 3 Bio-
€Tuku 3anopi3bKoro AepxaBHOTO MEAUYHOrO YHIBEpCUTe-
Ty. [lOCimKeHHS 34iCHAIN MICNS OTPUMAHHS NMMCbMOBOT
iHbopmaTnBHOI 3roay 6aThkiB NaljieHTa Ta BignosiaHo 4o
npuHLMNiB MenbCiHCbKOT Aeknapadlii.

Y pocnipXeHHs 3anyyany HeJOHOLLEHWX [iTen y rec-
TauinHomy BiLi 30—36 TVpkHIB, HapOomKeHMX B GaraTo- Ta
OQHOMIAHOI BariTHOCTI, Pi3HNLIA Macy Mixk cubcamu B na-
pax 6nmaHiokiB — Ginblua 3a 5 %; 060B’s13Kk0Ba HAsIBHICTb
NCbMOBOI 3roam GaTbKiB NaLieHTa Ha yyacTb.

Kputepii BukntovenHs — 3BYP y nnopa, HapomkeHHs
B TEPMiHi 37 TUXHIB i Binblue, Baay po3BUTKY, CYAOMHUIA
CUHAPOM, [iarHOCTOBaHi NaTonorii eHAOKPUHHMX 3amo3,
3aXBOPIOBaHHSA MediHkK, rinepbinipybiHemis noHap 200
mkmonb/n, HEK, cuHapoM manbabcopbuii, HasiBHICTb
B @aHaMHesi MaTepiB 3aXBOPIOBaHb OMOPHO-KICTKOBOTO
anapary, eHAOKPUHONATI, aBTOIMYHHMX 3aXBOPHOBAHD;
Hesroga HaTbkiB NavjeHTa 6paTv y4acTb Y JOCILKEHHI
3 ByAb-AKoT NpUYMHN.

3aranom y gocnimkeHHs 3anyumnu 87 nepegvacHo
HapomXeHUX OiTel HeoHaTanbHOro BiKy: 24 napu ne-
penyvacHo HapomkeHnx bnnsHiokis (n = 48) (67 % aisyar
i 33 % xnonuig) i 39 fiTel Big 04HOMNIQHMX BariTHOCTEN
(43 % pisyart i 57 % xnonuis).

Y rpyny A skntoumnv 10 nap 6nnstiokis (20 gitent), siki
HapOMKEHi B recTaLiiHOMY BiLji MeHLLe Hix 34 TvkHi (32
(31; 33) TvpkHi). HoBOHaAPOMKEHI 3 MEHLLIOKO MAaCOH0 Tina
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(1750 (1370; 1860) r) cdhopmysany rpyny A-1, 3 BinbLuoto
macoto (1880 (1800; 1970) r) — rpyny A-2.

Y rpyny B 3anyunnu 14 nap 6nusHiokis (28 giteit) is
rectauiiHnm Bikom 234 TuxHi (35 (34; 36) TwxHiB). [liten
i3 MEHLLOK Macoto Tina 3-nomix ABox 6nmsHiokis (1970
(1880; 2200) r) Bkntounnu B rpyny B-1, giten i3 GinbLuoto
macoto (2315 (2070; 2530) r) — y rpyny B-2.

Y rpyny C (rpyna nopiBHsHHS) BKoumnu 39 nepea-
YaCHO HaPOMKXEHWX AiTeN Big OOHONMIZHMX BariTHOCTEN.
Ipyny CA ccopmyBamm 19 HOBOHApOMKEHMX i3 recTa-
LiHUM BikoM <34 TipkHi (32 (31; 33) TWXHI), HAPOMKEHI 3
macoto Tina 1600 (1300; 1820) r; rpyny CB (n = 20) — gitw,
HapomkeHi B rectauinHomy BiLi 234 TuxHi (35 (34; 36)
TWXHIB), Maca Tina — 2280 (1800; 2600) r.

AHTPOMOMETPUYHI NMOKa3HWKW PO3BUTKY OLLiHIOBaNM
oapasy nicns HapomkeHHs 3a Tabnuusamm T. R. Fenton,
J. H. Kim (2013) [9].

Yci it rpynu A (100 %) HapomkeHi Big apyrvix i 6inb-
Lue nornoris, Bik BinbwocTi matepis (n =7, 70 %) — noHag
31 pik. ¥ rpyni B 7 (50 %) nap 6nu3HiokiB HapOmKeHi B
Apyrux nonoris, Bik GinbLiocTi Matepis (n = 8, 57 %) He
nepeswysas 30 pokiB (p > 0,05). Po3BrTok MOHOXOPI-
anbHuXx GaraTonnigHWX BariTHOCTEN cnocTepirany y 6
(60 %) xiHok rpynn Ata 10 (71 %) ocib rpynu B (p > 0,05).
EkcTpareHitanbHi natonorii (XpoHidHi 3axBoproBaHHs cep-
LIEBO-CYAVMHHOI CUCTEMMU, LLMYHKOBO-KULLKOBOTO TPAKTY,
JIOP-oprawiB) giarHoctysanu B Matepis i rpynu A (40 %),
i rpynun B (64 %), recto3u piarHoctysanu B 50 % matepis
rpyn ATta B (p > 0,05).

KinbkicHe ynbTpasBykoBe OLIHIOBAHHS CTaHy Ki-
CTKOBOi TKGHWHU Y HEJOHOLIEHUX HOBOHaPOAXEHNX
ONU3HIOKIB 3AaiMCHIOBaNM 3a NOKasHWKOM LLBUAKOCTI
npoxomxeHHs ynetpa3syky (SOS, m/c) vepes giadis
BEMNMKOTOMISIKOBOI KiCTKW. YNbTpa3BykoBuii 30HA CS
(koHTakTHa noBepxHs 2,5 x 1,0 cm) coHomeTpa «Sunlight
Omnisense 9000» (I3painb), skun 3aTBepmkeHnin FDA
CLLUA Ta cepTudgikoBaHuin Ans BUKOPUCTaHHS B YkpaiHi
(UA 1.001.020758-19), posTaLloByBanu Ha MefiarnbHo-
My Boui cepeHbOi YacTuHU Aiadpidy BENMKOrOMInKOBOI
KicTku. BukopucTtoByBanu abcontoTHe 3HaveHHst SOS
(m/c). DocnipxeHHs 3aicHnmM B nepLui 7 [ib xuTTsa ans
OTPUMaHHS! BUMIpIOBaHb, MakcuMarnbHO HabnmxeHnx 4o
BHYTPILLHBOYTPOBHOI MiHepani3aLii KiCTKM, LLO HaliMeHLLE
3MiHeHi nicnsnonoroBMM BNAMBOM XapyyBaHHS Ta/abo
XBOpobu.

Pesynbtat cTaTMCTMYHO ompauoBany 3a [ono-
MOrot nporpamHoro 3abesnedyeHHs Statistica 13.0
(StatSoft Inc., Ne JPZ8041382130ARCN10-J). Micns
nepeBipkn Ha BiANOBIAHICTb 3aKOHY HOPMarnbHOro
posnoginy layca 3a kputepiem LLlanipo—Binka sukopu-
cTanu HenapameTpuyHi METOAM: ONMCOBI (YMCMOBI AaHi
HaBefeHi sik MegiaHa (Me), Mexi KBapTUIbHUX BiAPI3KiB
(Q25 %; Q75%), kaTeropianbHi 3MiHHI — sik abcontoTHa
KinbKiCTb BUMagKiB (n) y rpyni Ta yactoTta y BigcoTkax
(%)), NOPIBHAAHHS KINbKICHUX 03HaK Y HEMoB'si3aHUX Bu-
Gipkax 3aifcHMK 3a JoNoMoror kpuTepito MaHHa—BiTHI
(U-Test), ouiHtoBaHHS B3aEMO3B’A3KIB Mix NOKa3HUKamm
— MeToAoM paHroBoi kopensuii Crnipmena (R). 38’30k
MiX JBOMA napaMeTpamm OLHIOBanM siK CUMbHWIA Npuy
R, wo nepesumuwysas 0,7, cepeaHin — 0,3-0,7, cnab-
kun — 0,2-0,3. CTaTUCTMYHO 3HavyLla PisHUUS — MpK
p <0,05.
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PesyAabTati

lMoKkasHWKW LIBWAKOCTI yNbTPasByKy B nepefyacHo Ha-
POMKEHWX AiTel HaBedeHi Ha puc. 1.

Y HOBOHapomKeHUX rpynut A BCTAHOBWIN KiMbKICHI
nokasHukn SOS, WO He Manu CTaTUCTUYHO 3HaYyLLOi
pisHui (p > 0,05) Hi Mk cubcamu rpyn A1 (2836 (2697;
2908) m/c) i A2 (2804 (2731; 2898) m/c), Hi M HUMK Ta
rpynoto nopiBHaHHA CA (2797 (2713; 2845) m/c).

Y cvbceis rpyn B BU3HAYMNM CTaTUCTUYHO 3HaYYLLY
BiAMIHHICTb (p < 0,05) kinbkicHoro nokasHuka SOS y aiten
rpyn B1 (2925 (2887; 3036) m/c) i B2 (2866 (2801; 2895)
m/c) Ha 59 m/c, TOBTO LIBMAKICTb NPOXOMKEHHS YNETPa3By-
Ky Yepes aiachia BENMKOroMIinIKOBOI KICTKW Y AiTel MEHLLIOT
macv Tina (rpyna B1) 6inbLua, Hix y cubeiB i3 BinbLuoto ma-
COI0 Tina Npy HapomykeHHi. BogHouac KinbKiCHWA NOKa3HWK
SOS y BrM3HIOKIB i3 MEHLLIOK Macoto Tina npy HAPOKEHHI
(rpyna B1) He maB CTaTUCTUYHO 3HAYYLLMX BigMIHHOCTEN
(p>0,05) i nokasHwvka SOS rpynu nopisHsiHHS CB (2979
(2898; 3000) m/c). KinbkicHuii nokasHuk SOS y cubeis
6inbLLUOi MacK i3 nap GrmaHtokiB (rpyna B2) ctatnctniHo
3HauyLLo Hpkumi (p < 0,05), HiX y AiTen BigNoBIgHOrO rec-
TaLiiHoro Biky Bif ogHOMNigHWX BariTHocTen (rpyna CB), He
MaB CTaTUCTUYHO 3HaYyLLMX BigMiHHOCTeN (p > 0,05) Big
MEHLUMX 3a recTaLiHAM BiKOM NPY HAPOMKEHHI MartokiB
Bif, opHoMnigHKX BaritHocTen (rpyna CA).

Y niteit-cubeis (rpynu A Ta B) Bu3Hauunu cnabky cra-
TUCTWMYHO 3HaYyLLy KOpensuiiHy 3anexHictb (R = 0,29,
p < 0,05) kinbkicHoro nokasHuka SOS Bia recrauiiHoro
BiKY HAPOMKEHHS! HEAOHOLLIEHNX AiTeN. Y HOBOHApOmKe-
Hux rpyn nopieHsiHHA (CA Ta CB) 3anexHicte SOS Big
recTauiHoro Biky mMana CUNbHUA NPSMUA CTAaTUCTUHHO
3HauvyLmi kopensuiHuia 38’a3ok (R = 0,78, p < 0,05).
Y HUX BUSIBUNW TakoXK CepegHii NpsmMuiA KOpensLinHum
38’30k (R = 0,53, p < 0,05) Mix KinbKiCHAM NMOKa3HUKOM
SOS i macoto Tina npu HapomKeHHi. ToMy aHanisysanu
3aNEXHICTb KinbKiCHUX Noka3HukiB SOS y HOBOHapomke-
HUX GNM3HIOKIB Big Macu Tina cnbceiB Npu HapomkeHHi. B
XO[HiW i3 rpyn 6nmsHiokis (A1, A2, B1, B2) He BusiBunn
3HauyLLi KOpensLifHi 3aneXHOCTi MK KifIbKICHUM Mokas-
Hukom SOS i macoto Tina aitenn (R < 0,2, p > 0,05).

MpoaHanizyBanu ocobnuBocTi NnpeHaTanbHOro
PO3BUTKY HEOOHOLLEHUX HOBOHAPOMKEHNX OMU3HIOKIB.
Bu3Haunnm cTatucTUiHO 3HavyLLi cepenHi KopensuinHi
3B'A13KM MK HU3bKMMM KinbKiCHUMM nokasHukamu SOS i
HapOMKEeHHsIM AiTel Big MOHOXopianbHMX GaraTonnigHnx
BariTHocTtew y rpyni A (R =-0,57, p < 0,05), M 3HWKEHU-
MM KinbKiCHUMY nokasHukamu SOS i HapOmKEHHSM [iTen
BiZl APYroi Ta HaCTYMHUX BariTHOCTEW — Ans HEMOBNSAT
rpynn B (R =-0,59, p < 0,05).

06roBopeHHA

3a gaHMMy HayKoBOI NiTepaTypy, BHYTPILLHBOYTPOBHUI
npoLec HapoLLyBaHHSA KiCTKOBOI Macv B nnoga cro-
cTepiraloTb 3 TPETbOro TpumecTpy BaritHocTi [10-12].
HepoHoweHi aitn no3baeneHi nepiogy HakonUYeHHs
MiHepasbHUX CKNagoBMX AN KiCTOK. Micns HapomKeHHs
MartoKy MatoTb Nepiof «HaB3AOMHHOMO» 3POCTaHHS 3 Nia-
BULLEHUMY NOTPe6aMM B BUKOPUCTAHHI MiHEparbHUX KOM-
MOHEHTIB | BOAHOYAC BiAMIHHMI Bif BHYTPILLHBOYTPOGHOrO
LUNSX HAAXOMKEHHS MiHEPaNbHUX | NOXMBHUX PEYOBWH,
HENpUTaMaHHWIA NPUPOAHOMY AMs LibOro rectawiiiHoro
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Puc. 1. TTopiBHAHHA NOKa3HWKIB LIBUAKOCTI NPOXOLKEHHS YbTpa3ByKy Yepes Aiadia BenmKkoromin-

KOBOI KICTKW B HEOHOLLIEHNX HOBOHAPOMKEHMX.

BiKy, TOMY MartoKk1 CXWIbHi O PO3BUTKY OCTEOMEHIYHNX
CTaHiB Big AechopmaLlii KiCTok Yepena, rpyaHoi KniTkv Ao
nepenomiB Tpyb4aTux KiCTOK HaBiTb Y HeoHaTanbHOMY
nepiogi [10—12]. Konu x nepenyacHo HapomKeHi 4ith Ha-
POIKYHOTBCS Bif, GaratonnigHoi BariTHOCT, TO pU3VKM 3MiH
¢hopmyBaHHs KiCTKOBOI TKaHUHM HenepenbadysaHi [13],
TOMY BM3HAUYEHHSI CTApTOBMUX MOKa3HUKIB KICTKOBOI Macu
NPV HAaPOMXKEHHI Y BIM3HIOKIB € 0COBNMMBO BAXINBUM.
3a pesynsratamu gocnimkeHs M. S. Fewtrell et al.,
npouec opMyBaHHS KICTKOBOI Macu y nepefyacHo
HapOMXKeHUX AiTeN NPAMONPONOPLIHO NOB’A3aHNI i3
rectauiiHim Bikom [15]. Y pesynbrari Hawwoi pobotw nig-
TBEPIKEHO (haKT KOPENSLINHOI 3aneXHOCTi KiNbKiCHOro
nokasHuka SOS y HeJOHOLIEHNX HOBOHAPOMKEHMUX Bif
TepMiHy rectauii Ta xapakTepuCTUKV NIiGHOCTI BariTHOCTI.
CwnbHUIA KopensiLiHUA 3B’A30K CnocTepirany npu oa-
HOMIiZHIN BariTHOCTI Ha BigMiHy Bif GaratonnigHoi, konu
BUSIBUNM cnabKy KOpensiLito Mix TepMiHOM rectauii npu
HapomkeHHi Ta nokasHukamu SOS; HaniMOBIpHiLLe, Le
3yMOBMEHO OJHOYACHWM OCTEOoreHe3oM Nogis.

BusBunu Takox nesHi 0cobnmBocTi (hopMyBaHHS
KicTKOBOI Macw B AiTei Big GaraTonnigHoi BariTHOCTI,
HapPOMKEHUX Y PIBHOMY recTaLinHoMy BiLli.

Y OrnU3HIOKIB, HAPOMKEHUX Y TEPMIH [0 34 TWXHIB
BariTHOCTI, LIBMAKICTb MPOXOMKEHHS YIBTPa3BYKy Yepes
Jiachia BENMKOroMInKoBOI KIiCTKM CTaTUCTUYHO BipOrigHoO
He BigpisHsinacs (p > 0,05) Hi Mix cubcamu, BKIKOHEHUMU
B Pi3Hi rpynu 3anexHo Bi Macu Tina npu HapOMKEHHI, Hi
Mix Bru3HIOKaMy Ta HOBOHAPOMKEHWMU BifMOBIAHOIO
recTauiHoro Biky Bif OQHOMIIAHWX BariTHOCTEW. 3icTaBHi
BUCHOBKY 3pobunn Semra Kara et al., siki Takox BU3Haum-
nu: B GNM3HIOKIB y recTauinHoMy BiLli 40 34 TkHiB Maca
Tina npy HapoMXKEHHi He € 3HayyLMM (hakTopoM, Lo
BMNMBaE Ha KinbkicHni nokasHuk SOS [14]. Taki 3ako-
HOMIPHOCTI, IMOBIPHO, NMOKa3yTb (i3ioNoriYHMi NpoLec
BHYTPILLHLOYTPOOHOrO hopMyBaHHs! KICTKOBOI Macu —
MOBINbHWIA TeMN POPMYBaHHS KICTKOBOI Macu MIioAiB y
TEpMiHi BariTHOCTi 40 34 TWXKHIB recTalii.
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3i 30inbLLEeHHsIM TepMiHY BHYTPILLHBOYTPOBHOrO po3-
BUTKY Nicnst 34 TWHIB recTaii KinbkicHuin nokasHuk SOS
CTaTUCTUYHO BiporigHo (p < 0,05) BULLMIA, HANGINbLLNIA — Y
cubeiB i3 MEHLLOKD Macoto Tina B napax GnusHioKiB; Lien
NOKa3HUK JOPIBHIOBAB AaHUM HOBOHAPOMKEHMX aHaro-
riYHOro recTaviiHoro BiKy Bif O4HOMIMIAHMX BariTHOCTEN.
Micns 34 TYKHIB BHYTPILLHLOYTPOBHOTO PO3BUTKY Y Binb-
LLIMX 32 Macoto Tina AiTel i3 nap GrnsHIOKIB KinbKiCHWIA No-
kaaHuk SOS ByB MEHLLIMM, HiX Y iXHIX CMBCIB, CTaTUCTUYHO
BiporigHo He BippisHaBecs (p < 0,05) Big nokasHukiB aiTen
MEHLLIOrO recTauiHOro BiKy, HapOMKEHUX Big 0QHONMIAHOT
BariTHoCTi (rpyna nopisHsaHHS CA).

OTxe, y HEQOHOLLIEHVX HOBOHAPOMKEHUX BNN3HIOKIB
BU3HAYMNV Pi3Hi TEPMiIHM Ta TeMNU POPMyBaHHS KICTKOBOI
Macu: novnHatoumn 3 34 TxHS recradii, y Ginblmx 3a
Macoto jiTelt i3 nap GrIM3HIOKIB KICTKOY TBOPEHHS CTaBaso
MEHLL IHTEHCMBHUM, HDK Y MEHLUMX 3a Macok cubCiB.
®opmyBaHHS KiICTKOBOI Macu B yMOBax PiBHOMIPHOrO
HaOXOKEHHSI MiHEpanbHMX PEYOBUH i3 NiaLeHTapHoro
kpoBoobGiry 6yno eekTUBHILLUM Y MEHLUMX 32 Macok
Tina Apiten i3 nap 6nusHokie. Came TepMiH BariTHOCTI
3yMOBIMOBAB Y HUX BiNlbLL IHTEHCWBHWIA €Tan hopMyBaHHS
KICTKOBOI Macwm.

BinbLwicTe HayKoBLiB, crnocTepiraoyn 3a opmy-
BaHHSM KICTKOBOI Macu B HEJOHOLUEHUX AiTeW, KOTpi
HapOKeHi Bi OQHOMNIZHMX BAriTHOCTEN, BUSIBUMW NPSAMI
KOpensLiHi 3B’s13KuM, acoLiioBaHi 3i 36inbLLUEHHSIM MacK
Tina nnogis [6-8]. Y Hawomy JOCTiIKEHHI He BUSBUNK
3HaYyLLLi KOPENsLLiHI 3B'A3KMN MiX LUBWUIKICTHO NOLUMPEH-
HS YNbTPasByKy B KICTKOBIW TKaHWHI BEMMKOI rOMINKK Ta
Macoto Tina came OnNM3HIOKIB. Y AiTen Big ogHONMAHUX
BariTHOCTEW TaKoX BCTAHOBWIV CepeHi NpsiMi CTaTuCTUY-
HO 3HauYyLLi kopensauinHi 38'a3km (p < 0,05). Omxe, macy
Tifla NPy HAPOMKEHHI HE BU3HAYMIIN SIK ICTOTHUI (haKTop,
LU0 BNMBAB Ha BHYTPILLHLOYTPOBHY MiHepanisaLlito KicTku
Yy AiTen-bnnaHiokiB.

Ha npouec ranbmyBaHHS POPMYBaHHS KiCTKOBOT
TKaHWHU Y HOBOHAPOMXEHUX BNNMUBaOTb hakTopu
BHYTPILUHBOYTPOOHOrO PO3BWTKY Moda, CTaH 340pOB's
matepi nepeq i nig Yac BariTHocTi. 3a gaHumn Semra
Kara et al., aki gocnimkysanu 6nu3sHiokie, HanbinbLL
BMIMBOBWM € (DaKT 3aCTOCYBaHHS HAPKOTUYHMX 3ac06iB
marip’to nig yac BaritHocTi [14]. 3a pesynsratamu Ko-
PEnALiHOrO aHanisy B Halin KOropTi AiTen-6nm3aHiokis,
HWKYi MOKa3HMKM LUBUAKOCTI MPOXOMKEHHS YrbTPa3BykKy
crocTepirany npu 36inbLUEHHI KiNbKOCTi nonepeHix Ba-
TiTHOCTe Y MaTepiB i HAPOMKEHHS Bif, MOHOXOPianbHOT
GaraTonnigHoi BariTHocTi. Ha Haww nornsig, ue Moxe 6yTu
3yMOBMEHO (heTonnaLleHTapH1MM 0COONMBOCTAMU Haa-
XOIPKEHHS! KarbLito Ta 3MEHLLIEHHSM 110r0 Aeno B MaTepi,
LLI0 NOB’AI3aHO 3 nonepeaHiM1 BariTHOCTAMM.

BucHOBKU

1. KinbkicHui nokashvk SOS y giteil, HApOmMKEHNX
y 'B 34 TwxHi Ta binblwe, ctaHosuB 2925 (2887; 3036)
m/c y Brn3HIOKIB, MEHLLIMX 3a Macoto Tina B napax, i cTa-
TUCTMYHO BiporigHo (p < 0,05) He BigpisHaBCS Big AiTen
rpynu NOPIBHSAHHS. Liei nokasHuk CTaTncTUYHO 3HauyLLOo
By (p < 0,05), Hix y GinbLumx 3a Macoto Tina cubcis
BiZANOBIZHOTO recTaLliiHoOro BiKy Ta BrinaHiokiB, Hapomke-
HUX y B MeHLUe HiX 34 TKHI.

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

2. KinbkicHuin noka3Huk SOS y HeQoHOLEHMX [i-
TeN-6nM3HIOKIB MaB Cnabkuii CTaTUCTUYHO 3HAYYLLMIA
kopensuinHun 38'a3ok (R = 0,29, p < 0,05) i3 TepmiHOM
recTauii Mpu HapOKEHHI, HA BiOMIHY Bif AiTEN, HApoO-
[bkeHux Big ogHonnigHoi BaritHocTi (R = 0,78, p < 0,05),
HE MaB KOPEeMnsLINHOro 3B's3ky 3 Macoto Tina 6nmuaHiokis
NPV HApPOMXKEHHI, Ha BIAMIHY Bif AiTEN, HAPOMKEHWX Bif
opHonnigHoi BaritHocTi (R = 0,53, p < 0,05).

3. BcTaHOoBMNM CTAaTUCTUYHO 3HAYYLLMIA CEPEfHiIl KO-
PensALiNHUIA 3B’A30K MK HU3bKUMY KiNbKICHMM NOKa3HU-
kamu SOS y HeJOHOLLEHNX HOBOHAPOMKEHUX BNU3HIOKIB
i KinbkicTio nonepeHix BariTHocte y matepi (R =-0,57,
p < 0,05), a TaKoX i3 HAPOMKEHHAM [iTel Bif MOHOXO-
pianbHoi GaratonnigHoi BariTHocTi (R = -0,59, p < 0,05).

MepcnekTnBu noganswmnx gocnimkeHb. OTxe, Ha-
YKOBUI MOLLIYK | BUCBITINIEHHS 0COBNMMBOCTEN (POPMYyBaHHS
KiCTKOBOI TKaHWHW npy BaraTonnigHiv BariTHOCTI, 0cobnu-
BO B pa3i nepeayacHMx nosorie, — ONMcoBa CKafoBa B
PO3yMiHHI NpoLeciB (POPMYBaHHS KICTKOBOI TKaHWUHW B
HEOOHOLLUEHMX HOBOHAPOMKEHNX BNM3HIOKIB, NiAroToBKa
[10 BUSIBNEHHS Ta NPOMINakTUKM B HUX MEeTabomMiuyHUX
MOpYLLEHb KiCTKOBOI TkaHuHW. Lle npobnema notpebye
NPOAOBXEHHS! BUBYEHHSI.
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A hiatal hernia occurs in 83-94 % of patients with gastroesophageal reflux disease (GERD). Difficulties in diagnosing endo-
scopic signs of gastroesophageal reflux with combination of the most common hiatal hernia types remain relevant. Untimely
and inaccurate endoscopic interpretation of these pathological changes significantly reduces the effectiveness of treatment.

The aim of the research was to study the endoscopic signs of gastroesophageal reflux disease with the most common hiatal
hernia type | and type Il

Materials and methods. The examination results of 153 patients with GERD and the most common hiatal hernia type | and
type Il at the stage of preparation for antireflux surgical treatment were analyzed. The age was 54.5 + 11.3, there were 48
(31.4 %) men, 105 (68.6 %) women. In Group | — 85 patients with GERD and type I hiatal hernia, in Group Il — 68 patients with
GERD and type Il hiatal hernia. Acomplete preoperative examination necessarily included endoscopy with chromoendoscopy
(mainly NBI or FICE), biopsy from suspicious foci of the gastric mucosa and the lower third of the esophagus followed by
histological analysis. Statistical processing and mathematical analysis of the obtained results were performed using the Sta-
tistica for Windows 13 (StatSoft Inc., No. JPZ8041382130ARCN10-J). For comparative analysis the arithmetic mean and
standard deviation were calculated and presented as M + s. Differences between groups were assessed using the sub-module
“Difference tests” in the module “Basic statistics and tables”. Differences at P < 0.05 were considered statistically significant.

Results. In both groups, non-erosive forms of gastroesophageal reflux disease prevailed: 57 (67.1 %) and 39 (57.4 %) patients
respectively. Both in Groups | and Il, among the erosive forms there were mainly LA A stages of esophagitis — 20 (23.5 %)
and 17 (25.0 %). CLE signs of the esophageal mucosa prevailed in Group | — 16 (18.8 %) patients, in Group Il - 5 (7.4 %)
patients. The proximal edges of the gastric folds, which are visualized in all patients, were considered the reference point for
the true esophageal-gastric junction. Complicated course of GERD was noted in both groups of patients.

Conclusions. Endoscopic signs of GERD with hiatal hernia type | or type Il have characteristic features, the severity of which
manifestation does not depend on the type. A reliable indicator of the true esophageal-gastric junction location is the proximal
edge of the gastric folds. Complicated course of GERD occurs in both groups: Barrett's esophagus and Schatzki’s ring
predominate in the Group |, strictures and ulcers of the esophagus — in the Group II.

EHpOCKONiUHI 03HaKKM racTpoe3odareanbHoi pepAOKCHOI XBOPOOU
Npu pisHUX TUNaX rPUXi CTpaBoXiAHOro OTBOPY Aiadparmu

A. 0. HukoHeHKo, €. |. Tanaapxi, 0. M. Kiocos

i cTpaBoxigHOro 0TBOPY Aiadpparmu BUsBNsTL Y 83-94 % navieHTiB i3 racTpoe3oareansHor0 pedritokCHO XBOpoboio
(TEPX). Mpobnemu aiarHOCTUKM eHOOCKONIYHUX O3HAaK LUYHKOBO-CTPABOXIAHOrO pedbrtokCy npu NOEAHaHH 3 HalnoLm-
peHiwumu | Ta Il TMNRaMu rpywx CTpaBOXigHOMO OTBOPY AiadparMu 3annLaTbCa akTyanbHUMKU. HecBoevacHa Ta HETOYHa
€HIOCKOMIYHA iHTepnpeTaLis LIMX NaTonoriYHnX 3MiH iCTOTHO 3HIKYE ePEKTUBHICTb NiKyBaHHS.

MeTta po60TK — BUBHYMTW €HOOCKOMiYHI 03HAKM racTpoesodareantHoi pedontokCHOT XBopobw npu HamnowwmpeHiwmx | Ta lll
TWNax rpuxi CTPaBOXiAHOMO OTBOPY AiachparmMu Ha eTani niaroToBKM A0 XipypriYHOro NikyBaHHS.

MaTtepianu Ta metoau. Obctexxunu 153 nauienTis i3 FTEPX i HainowmpeHiwmm | Ta Il Tunamm rpux cTpaBoXxigHoro
0TBOPY AiadparMu nig Yac NigrotoBkM A0 NanapockoniyHoi aHTMpedniokcHoi onepalii. CepeaHin Bik — 54,5 + 11,3 poky,
48 (31,4 %) yonogikis, 105 (68,6 %) xiHok. ¥ | rpyni — 85 nauieHTis i3 TEPX i rpyxeto cTpaBOXigHOro oTBOPY Aiadparmm
| Tuny; y Il rpyni — 68 xBopux Ha MEPX i 3 rpuxeto cTpaBoxigHoro otBopy aiacdparmu Il Tuny. MosHe nepeponepauin-
He obcTexeHHs1 000B’sI3k0BO Nepeabayano eHgockonito 3 xpomoengockonieto (nepeaycivm NBI abo FICE), Gioncieto 3
Migo3pinuX BOTHMLLY CMW30BOI OBOMOHKM LUMTYHKA Ta HWXHBOI TPETUHU CTPaBOXody, riCTOMNOoriYHWiA aHani3. CtaTucTuiHe
onpaLtoBaHHs Ta MaTeMaTUYHWIA aHania pe3ynsTaTiB BUKOHAM, BUKOPUCTABLUM NakeT NpuknagHux nporpam Statistica for
Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J). [ins nopiBHANbHOMO aHanisy pospaxysanu cepefHe apudme-
TWYHE Ta CepenHe KBafpaTWUyHe BiaxuneHHs — M t s. Po3BixHOCTI Mix rpynamu ouiHioBanu 3a 4OMOMOrOK MNigMogyns
«dndepeHuianbHi Tectu» B Mogyni « OCHOBHI CTaTUCTMKW Ta Tabnuui». CTaTUCTUYHO 3HAYYLLMMK BBaXanu BigMIHHOCTI
npu p < 0,05.

PesynkraTu. B 060x rpynax nepesaxanu HeepoavsHi oopmu FEPX: 57 (67,1 %) Ta 39 (57,4 %) xBOpUX BiANOBIAHO y rpynax.
3-nomix epo3nBHUX hopm BUABNANM nepesaxHo LA A ctagii e3odarity — 20 (23,5 %) 1a 17 (25,0 %) y | Ta Il rpyni BignosigHo.
CLE o3Haku cnn3oBoi 060ornoHku ctpasoxogy nepesaxanu B | rpyni—y 16 (18,8 %), y Il =y 5 (7,4 %) xBopux. OpieHTvpom
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CMPaBXHbOrO CTPABOXIAHO-LLUMYHKOBOIO 3'€4HaHHSA BBaXKanu NPOKCUMarnbHi Kpai LWNyHKOBUX CKaAoK, Bidyasni3oBaHi B yCiX
XBOpUX. YcknagHeHui nepebir FEPX BuaHaumnm B 060X rpynax XBopux.

BucHoBku. EHgockonivHi 03Haku FTEPX npu | Ta lll Tvnax rpux cTpaBoxigHOro 0TBOpY AiadparmMu MarTh XapakTepHi ocobni-
BOCTI, CTYNiHb NPOSIBY SIKWX He 3aneXu1Tb Bif TUNY rpyi. HagiHa o3Haka posTallyBaHHS CrpPaBXHLOrO CTPaBOXIAHO-LLITYHKO-
BOTO 3'€IHAHHS — MPOKCUMAnbHI Kpal LUMYHKOBWX Ckaaok. YeknaaHenuin nepebir FTEPX BusiBunu B 060X rpynax: CTpaBoxig,
bapperta Ta kinbue Lavbkoro nepeBaxatoTb y |, CTPUKTYpK Ta BUpasku ctpasoxogy — y Il rpyni.

Gastroesophageal reflux disease (GERD) is one of
the most common gastroenterological diseases. In
the general population, the incidence of this disease
reaches 20 % and continues to increase [1-3]. Along
with multichannel pH-impedance-monitoring, video-
esophagogastroduodenoscopy plays an essential and
sometimes decisive role in the successful diagnosis of
both complicated and uncomplicated GERD [4-7]. The
widespread and rapid increasing of GERD is becoming
threatening, primarily due to the development of such
dangerous complications as erosive and ulcerative eso-
phagitis, peptic strictures of the esophagus, Barrett's
esophagus and esophageal adenocarcinoma [8-11].
Untimely and inaccurate endoscopic diagnosis of these
complications significantly reduces the effectiveness of
treatment [5,12-15]. Considering that hiatal hernia (HH)
occurs in 83-94% of patients with GERD and the most
common types of them are type | and type Il difficulties
in determining pathological changes in the esophageal
mucosa as well as some key endoscopic landmarks
of the true esophagogastric junction, Z-line, borders of
segments of cell metaplasia with GERD in combination
with these hernias types remain relevant[2,3,5,12,16-19].
All of the above requires continued work in the direction
of studying the endoscopic signs features of GERD
associated with the most common hiatal hernia types,
which will improve the diagnosis and treatment efficiency
of this disease.

Aim
The aim of the research was to study the endoscopic
signs of gastroesophageal reflux disease with the most

common hiatal hernia | and Ill types at the preparation
stage for surgical treatment.

Materials and methods

The work carried out a detailed analysis of the endoscopic
examination results of 153 patients with GERD associated
with type | or type lll hiatal hernia. Criteria for inclusion
in the study were confirmed GERD, the presence of type
| or type Ill hiatal hernia, consent to surgical treatment
and the absence of general contraindications for surgery.
Exclusion criteria —absence of GERD, other rare types (I
or IV) of hiatal hernia, other chronic gastroenterological
diseases in the acute stage, acute surgical pathology,
refusal of surgical treatment. The age was 54.5 + 11.3,
there were 48 men (31.4 %), 105 women (68.6 %).
Patients were divided into two groups depending on
the hiatal hernia types [3,5,17,18]. Group | consisted of
85 patients with GERD and hiatal hernia type | (the most
common sliding hiatal hernia with gastroesophageal
junction displacement proximally up through the esopha-

Matonorisi. Tom 19, Ne 1(54), ciueHb — kBiTeHb 2022 p.

geal opening and the stomach positioning alongside
the longitudinal axis with the esophagus while the fundus
of the stomach remains below the diaphragm). Group
Il consisted of 68 patients with GERD caused by hiatal
hernia type Il (the most common paraesophageal hiatal
hernia when the gastroesophageal junction and a part of
the stomach (fundus, body) herniate through the hiatus
into the mediastinum but gastroesophageal junction
displaces alongside the longitudinal axis as in type | and
the most proximal stomach part herniate into the mediasti-
num and location above the gastroesophageal junction).
The groups of patients were comparable in terms of age,
sex and comorbidities.

All patients underwent a complete preoperative exa-
mination and were preparing for laparoscopic antireflux
surgery. To diagnose GERD all patients were interviewed
by valid diagnostic questionnaires and scales, and polypo-
sitional video esophagogastroduodenoroentgenography
with passage of a water-soluble contrast agent with daily
intraesophageal pH or pH-impedance monitoring were
performed. The hiatal hernia type was determined by
polypositional X-ray examination with water-soluble con-
trast agent (barium) swallow in the Trendelenburg position
with a routine Valsalva maneuver obligatory performed by
“Opera T 90cex”, “General Medical Merate S.p.A.”, Italy.

Esophagogastroduodenoscopy was performed by
modern endoscopical equipment “Evis Exera lll, scope
HQ 190” (“Olympus”, Japan) in the first half of the day,
on an empty stomach, under local anesthesia with lido-
caine. Endoscopic evaluation began with examination of
the tongue, pharynx, epiglottis, larynx, glottis with vocal
cords. Next, we examined the orifice of the esophagus,
the esophago-pharyngeal junction with thinned pharyn-
geal pockets — the piriform sinuses, then the bronchial
and diaphragmatic constriction, the esophageal-gastric
junction, the lumen of the stomach, the pylorus, the bulb
of the duodenum, the upper duodenal flexure, the de-
scending duodenum (to exclude other pathologies —
peptic ulcers of the stomach, gastritis, stomach cancer).
Changes in the shape and diameter of the esophagus,
the state of the esophageal mucosa, esophagogastric
junction, stomach, and duodenum were assessed. Pay
attention to the remains of food in the esophagus or
stomach. The lumen of the esophagus was examined
for the presence of strictures, fungal infections, erosions,
ulcers, rings, diverticula. During inversion examination
the state of the mucous membrane of the lesser curvature
of the stomach body, cardia and fundus was assessed.
Mucosal examination was always performed using
chromoendoscopy (mainly using NBI or FICE spectral
analysis techniques) for a more sensitive differentiation
of pathological changes. Assessed for signs of Barrett’s
esophagus or adenocarcinoma. A mandatory stage of
endoscopic examination was a biopsy from suspiciously
altered foci of the gastric mucosa, Z-line, esophagus for
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Table 1. Characteristics of the esophageal mucosal layer in both groups

Group (0= 5) Group i n=68) [P |

Pink/pale pink 61(71.8 %) 57 (83.8 %) 0.0791
Hyperemic 17 (20.0 %) 7(10.3 %) 0.1012
Whitish 7(8.2%) 4(5.9 %) 0.5839
Total 85 (100.0 %) 68 (100.0 %) -

P: value of statistical significance.

Table 2. Distribution of patients in Groups | and Il according to the severity of
esophagitis according to the Los Angeles classification

Degree of esophagitis | Group I (n = 85) Group Il (n = 68) _

NERD 57 (67.1 %) 39 (57.4 %) 0.3332
LAA 20 (23.5 %) 17 (25.0 %) 0.9154
LAB 8 (9.4 %) 8 (11.8 %) 0.8761
LAC = 4 (5.8 %) =
LAD - - -

P: value of statistical significance.

Table 3. Erosion length characteristic in both groups with erosive esophagitis

LAA 20(235%) 373£07  17(250%) 37%09 09099
LAB 8(94%)  67+19  8(118%) 87%34  0.1684
LAC - - 4(59%)  7.8%3.1

LAD

P: value of statistical difference.

Table 4. Number of patients with CLE signs of the esophageal mucosa depending on
the severity of esophagitis in both groups

Degree of esophagitis Groupl(n 85) Group Il (n = 68) _

NERD (12.9 %) 3 (4.4 %) 0.6776
LAA 2 (2.4 %) 2(2.9%) 0.9752
LAB 3(3.5%) - -
LAC = = =
LAD - - -
Total 16 (18.8 %) 5 (7.4 %) 0.5448

P: value of statistical significance.

subsequent histological analysis. During the study photo
and video recording were performed for a more detailed
review and analysis after the diagnosis. The most signi-
ficant details of the study were recorded in the protocol
and kept in the archive [4,7,18,20,21].

Statistical processing and mathematical ana-
lysis of the obtained results were performed using
the Statistica for Windows 13 (StatSoft Inc., No.
JPZ8041382130ARCN10-J). For comparative analysis
the arithmetic mean and standard deviation were calcu-
lated and presented as M t s. Differences between groups
were assessed using the sub-module “Difference tests”
in the module “Basic statistics and tables”. Differences at
P < 0.05 were considered statistically significant.

Results

Visual analysis of the esophagus mucosa of GERD pa-
tients showed that in both groups the mucosa was mostly
pink or pale pink, which is typical for healthy mucosa.

Hyperemic and whitish coloration was found in lesser
quantities (Table 7).
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However according to the data of endoscopic color
signs the groups regardless of the hiatal hernia type did
not significantly differ from each other.

In both groups of patients regardless of the hiatal
hernia type non-erosive forms of GERD prevailed — 57
(67.1 %) and 39 (57.4 %), respectively.

The erosive form of GERD was detected in 28
(32.9 %) patients in Group I, while in Group Il —in 29
(42.6 %) patients.

The severity of reflux esophagitis was assessed
according to the Los Angeles classification, according to
which only A and B degrees of esophagitis severity were
diagnosed in Group |, while A, B and C degrees were
presented in Group Il [5].

As can be seen from Table 2, the groups of patients
also did not differ from each other in degree A and B of
the esophagitis severity, however, the presence of reflux
esophagitis with degree C in Group Il may indicate more
severe course of GERD in patients with type Il hiatal hernia.

The length of erosions also did not differ statistically
in both groups with A and B degrees of the esophagitis
(Table 3).

In Group |, the length of erosions in grade A esophagi-
tiswas 3.73 £ 0.7 mm, grade B—6.7 £ 1.9 mm. In Group
I, with degree A - 3.7 + 0.9 mm, degree B — 8.7 + 3.4
mm, degree C—7.8 £ 3.1 mm.

Routine use of chromoendoscopy (mainly NBI,
FICE spectral analysis) in all patients made it possible
to diagnose columnar epithelium (Columnar Lined Eso-
phagus (CLE)) in 21 (13.7 %) patients in both groups
totally (Fig. 1).

In Group | CLE signs of the mucosa prevailed and
occurred in 16 (18.8 %) patients, while in Group Il — only
in 5 (7.4 %) patients, but without significant difference
(Table 4).

At the same time both in Group | and in Group I
CLE-esophagus is more common in NERD.

Length analysis of the circular (C) and maximum (M)
segments of the CLE-esophagus in groups is presented
in Table 5.

The length of the circular segments in both groups did
not differ, while the maximum segment was significantly
longer in the Group Il of patients with type Il hiatal hernia.

An important step in the endoscopic diagnosis of
GERD was the determination of the true area of gastro-
esophageal junction, the key point of which is the di-
agnosis of the Z-line. The Z-line was not diagnosed in
all patients: in Group | in 79 (92.9 %), in Group Il —in
53 (77.9 %) patients. In Group | of patients with type |
hiatal hernia the Z-line was diagnosed significantly more
often than in the Group Il with the type Ill hiatal hernia
(P=0.0123).

Palisade vessels were also visualized not in all pa-
tients in both groups: in 50 (58.8 %) patients of Group |
and in 30 (44.1 %) patients of Group Il, however without
a statistically significant difference (P = 0.2020) (Fig. 2).

The main landmarks of the true gastroesophageal
junction were considered to be the proximal edges of
the gastric folds.

In Group | the proximal edge of the gastric folds was
determined at a distance of 39.9 + 1.3 cm from the inci-
sor teeth, in Group Il — at a distance of 39.5 + 2.6 cm,

Pathologia. Volume 19. No. 1, January — April 2022



OpwuriHaAbHI AOCAIAKEHHSA

Table 5. Length characteristics of C and M segments in both groups depending on the severity of esophagitis

Degree Group | (n = 85) Group Il (n = 68) Value of difference Group | (n = 85) Group Il (n = 68) Value of significance

NERD 17+14 1612 09125 28415 35%07 04572
LAA 20£14 27412 0.6451 25421 50414 0.2963
LAB 40£17 - - 53421 - -
LAC = = = = = =
LAD - - - - - -

P: value of statistical significance.

Fig. 1. CLE-esophagus (narrow binding imagine).

Fig. 2. Endoscopic view of palisade vessels.

Fig. 3. Endoscopic view of the gastric folds proximal edge location and the Z-line.
Fig. 4. Endoscopic diagnosis of GERD complication (Schatzki's ring).

Fig. 5. Barrett's esophagus (NBI).
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Table 6. Distance of the proximal edge of the gastric folds and Z-line from the incisor
teeth

Distancerame | Group 1 (1=69_|Growp =59 [P

Distance of the proximal edge of 39913 39.5+2.6 0.2174
the gastric folds from the incisors, cm

Z-line distance from incisors, cm 36.6+2.2 34.8+26 0.0001
P 0.0001 0.0001 -

P: value of statistical significance.

Table 7. Characteristics of complicated forms of GERD

Group (n=85) | Group i =59

Schatzki’s ring 4 (4.7 %) -
Esophageal ulcer - 4 (5.9 %)
Esophageal stricture - 4 (5.9 %)

Table 8. Characteristics of patients with biopsy and Barrett's esophagus in both
groups

Biopsy and Barrett’s esophagus Group | (n = 85) Group Il (n = 68) _

Biopsy 49 (57.6 %) 37 (54.4 %) 0.6918
Barrett 0146s esophagus 16 (18.8 %) 3 (4.4 %) 0.0072

P: value of statistical significance.

which corresponded to the norm. Whereas the Z-line was
displaced proximally in both groups and was determined
at a distance of 36.6 £ 2.2 cm from the incisor teeth in
the Group | and at a distance of 34.8 £ 2.6 cm in the Group
Il (Table 6).

As can be seen from the presented Table 6, the dis-
tance of the proximal edge of the gastric folds from
the incisors practically does not differ between groups and
corresponds to the endoscopic norm, while it differs sta-
tistically from the location of the Z-line. At the same time,
the distance of the Z-line also differs between groups and
is located more proximally in the Group Il of patients with
type lll hiatal hernia. The distance between the proximal
edge of the upper gastric folds and the Z-line was 3.7 £ 1.3
cm in Group |, while in Group Il it was 5.0 + 1.6 cm and
statistically significantly differed between the groups
(P =0.0001) (Fig. 3).

The complicated course of GERD presented by
esophageal strictures, ulcers and Schatzki's rings. The
Schatzki’s ring is shown in Fig. 4.

In Group Il there is a predominance of complicated
forms of GERD presented by strictures — 4 (5.9 %) and
ulcers — 4 (5.9 %) of the esophagus. Schatzki’s ring is
observed in 4 patients (4.7 %) only in Group | (Table 7).

All analyzed patients underwent chromoendoscopy
(mainly NBI and FICE) for more accurate identification of
pathological changes in the mucosal layer and targeted
biopsy. As a result in Group | targeted biopsy of the lower
third mucosal layer of the esophagus was performed
in 57.6 % patients, in the Group Il — in 54.4 % patients
(Table 8).

As a result, in the Group | Barrett's esophagus was
confirmed in 16 (18.8 %) patients and significantly differs
from the results obtained in the Group Il in which Barrett's
esophagus was diagnosed only in 3 (4.4 %) patients with
GERD (Fig. 5).
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Discussion

Thus, during visual endoscopic examination in both
groups, pink and pale pink mucosa of the esophagus is
predominantly found, which corresponds to the physio-
logical norm. The groups do not differ from each other
and according to other color characteristics of the mu-
cosa (Table 1). Therefore, this sign, as well as visual
endoscopic examination in general, in a large number of
cases does not allow to make a convincing conclusion
about the presence or absence of GERD, the intensity
of reflux, the depth of the mucosal lesion or the type of
hiatal herniation [2,5,16].

This is supported by the data obtained on the pre-
dominance of non-erosive forms of gastroesophageal
reflux disease in both groups (Table 2). As for erosive
forms, the appearance of patients with stage C in Group
I may indicate a more severe course of the disease with
type Il hiatal hernia. Although the groups do not differ in
degree A or B and in the length of erosions (Tables 2, 3).
Statistically, the groups also do not differ in the frequency
of determining signs of CLE-esophagus (Table 5). But
clinically there are more patients with CLE-esophagus
in Group |, despite the fact that this group is represented
by patients with type | hiatal hernia (18.8 % to 7.4 %,
respectively). At the same time, this trend is expressed
in patients with non-erosive form of reflux disease,
when, it would seem, there are no obvious endoscopic
signs of GERD.

An analysis of the circular (C) and maximum (M)
segments length in both groups also did not show statis-
tically significant differences. Although clinically the length
of the maximum segment in the Group Il of patients was
twice a long with grade A of esophagitis than in the Group
[(2.5+2.1 mmto 5.0 + 1.4 mm, respectively).

An important step in the endoscopic diagnosis of
GERD was the determination of the true esophageal-gastric
junction zone, the key points of which are the determination
of the Z-line, the boundaries of the palisade vessels dis-
appearance and the location of the gastric folds proximal
edge. Analysis of the Z-line visualization in both groups
showed a statistically significant predominance of suc-
cessful determination of the Z-line in the Group | with type
| hiatal hernia, which was determined in almost all patients
of this group — 92.9 % patients. In the Group Il the number
of patients was slightly less — 77.9 % respectively.

The border of the palisade vessels disappearance is
also alandmark of the esophagogastric junction. However,
unfortunately, palisade vessels were not detected in all
patients in both groups and did not show a statistically sig-
nificant difference between the groups (58.8 % to 44.1 %,
respectively, P = 0.2020). At the same time, the proximal
border of the gastric folds was visualized in all patients
of both groups. In this regard, its location was considered
the most significant border of the true esophageal-gastric
junction and the most reliable sign of the border between
the stomach and esophagus. The analysis of this sign pro-
vided interesting data. Thus, the distance of the proximal
border of the gastric folds from the incisor teeth did not
differ from the norm between groups and was 39.9 + 1.3
cmin Group |, 39.5 £ 2.6 cm in Group II. A similar, almost
physiological, location of the proximal edge of the gastric
folds in both groups is explained as follows.
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The hiatal hernia type was determined by polyposi-
tional X-ray examination, when the patient was necessarily
examined in the Trendelenburg position with a routine Val-
salva maneuver, and the type of fixation of the hernia, and,
consequently, the type of migration of the stomach into
the mediastinum were variable. Whereas endoscopic exa-
mination was performed only in a horizontal position without
performing a Valsalva maneuver and the associated possible
displacement of the stomach fundus, which was the reason
for obtaining the above results. Conceming the Z-line location
and the gastric folds proximal edge border the analysis of
the obtained data showed a statistically significant shift of
the Z-line proximal to the upper edge of the gastric folds in
both groups, with a predominance of the shift in the Group
Il with the type Ill of the hiatal hernia. This confirms the pre-
sence of pathological reflux in all patients and the associated
displacement of the Z-line in the proximal direction above
the true border of the esophageal-gastric junction caused
by the migration of the columnar gastric epithelium due to
the gastric contents reflux into the esophagus [2,5,18]. And
the significant predominance of the Z-line shift in the Group
|1 to the gastric fold proximal edge and incisor teeth may be
a sign of a more severe and prolonged course of GERD
in the Group Il of patients with type Il hiatal hernia. A fact
confirming this position is the predominance of complicated
forms of GERD in the form of ulcers and esophageal stric-
tures of the esophagus in the Group Il of patients (Table
7). Although, in contrast to this situation, the proportion of
confirmed Barrett's esophagus cases was higher in Group
| in patients with type | hiatal hernia with proven statistical
significance (P = 0.0072).

Thus, the analysis of the above endoscopic signs of
GERD in patients with the most common varying types (|
and lIl) of hernia showed a variety of their manifestations
and the absence of a convincing dependence of the se-
verity of one or another sign on the type of the hernia. This
confirms the need for an individual approach to the im-
plementation of videoesophagogastroduodenoscopy in
GERD associated with a hiatal hernia and a differentiated
interpretation of the obtained results taking into account
other diagnostic data.

Conclusions

1. Endoscopic signs of gastroesophageal reflux di-
sease with types | or Il hiatal hernias have characteristic
features the severity of which does not directly depend
on the hernia type.

2. The most reliable sign of the true esophageal-gas-
tric junction location in gastroesophageal reflux disease
associated with type | or Il of hiatal hernias is the proximal
edge of the gastric folds.

3. The location of the Z-line in gastroesophageal reflux
disease is not a reliable criterion for the esophageal-gas-
tric junction border and can be displaced in the proximal
direction at different distances in patients with type | or
type Il of hiatal hernia.

4. Complicated course of gastroesophageal reflux
disease presented by esophageal strictures and ulcers
prevails in patients with type Il hiatal hernia, while Bar-
rett’s esophagus is more common in patients with type
| hiatal hernia.
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OpwuriHaAbHI AOCAIAKEHHSA

3MiHK pe3epByapHOI Ta MOTOPHO-€BaKyaTOPHOI QYHKLI )XOBYUHOro Mixypa
Y XBOPUX Ha 6e3cMMNTOMHMU XOAELIUCTOAITIa3 NicAs opraHo36epiranbHoi

onepaktii - AanapocKoniuHoi XOAeLLUCTOAITOTOMIi

A. B. CuBonan‘@*

3anopi3bknii AepxaBHWUI MeAUUHWI YHIBEpCHTET, YKpaiHa

CoHorpadiuHe OLiHIoBaHHS CTPYKTYpU Ta cPYHKLIT )OBYHOMO MiXypa Y XBOPUX Ha XOBYHOKaM'siHy XBopoby noTpebye yaocko-
HamneHHs He TiNbKW 4N YTOYHEHHs NoKasaHb 40 OpraHo36epirarnbHUX onepaLii, Sk-0T NanapocKoniyHOi XONeumCToniToToMii,
arne i NOKpaLLEHHs pesyrbTaTiB XipypriyHOro nikyBaHHsS 6e3CYMNTOMHOMO XONeLMCTONITiady LSXOM NPOrHO3yBaHHs iMOBIp-
HOTO BIZHOBIIEHHS MOTOPHO-eBaKyaTOPHOI QOYHKLiT )XOBYHOIO MiXypa Ta 3MEHLLEHHS KiNbKOCTI peLaVBIB XONeLmncToniTiasy.

MeTa po6oTu — JocnianTi 3MiHW CTPYKTYpK Ta GyHKLi )KOBYHOTO MiXypa y XBOpUX Ha 6e3CMNTOMHWIA XonewuucToniTias 4o
Ta nicns nanapocKomMi4YHOI XONeLUCTONITOTOMI.

Marepianu Ta meToaum. Y focnigpkeHHs 3anyumnu 33 XBopux Ha 6e3CMMNTOMHMIA XoneumcTonitias. MNepeBaxHa GinbLuicTb
XBOPUX — XiHKM (82 %, n = 27) Bikom Big 23 go 54 pokis, cepeaHint Bik — 48,0 + 11,9 poky; pewTa — Yyonosikv (18 %, n = 6)
Bikom 25-58 pokiB, cepeaHiit Bik — 46,2 + 12,4 poky. YnbTpassykoBe AOCNIMKEHHS OPraHiB YepEeBHOT MOPOXHWHN BUKOHANW
BCiM XxBopuM Ha anapartax «Philips» Ne MA2540R i «LOGIQ General Electric» Ser Ne 52993WX3 fo Ta nicns nanapockonivyHoi
XOMeUnCTOmMITOTOMIi.

Mig yac o6CcTexeHHs 3aiicHUNM coHorpadiyHe OLHIOBaHHS hOPMU, PO3MIPIB, KOHTYPIB, TOBLLUMHM CTIHKM KOBYHOTO MiXypa,
a TaKoX 1010 3B’A3KIB i3 HABKOMMLLHIMM OpraHamm Ta CyauHHUMM CTpyKTypamu. LlinecnpsiMoBaHo BU3Ha4anu po3mipu xore-
[Z10XY, KiNbKICTb i PO3Mip1 KOHKPEMEHTIB Y MOPOXHMHI )KOBYHOMO MiXypa, MOro MOTOPHO-€BaKYaTOpHY (pyHKLUjto. CTaTUCTUYHO
pe3yneTaTi onpauoBanu 3a gonomoroto Statistica for Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).

Pe3yniraTtu. MNokasHuku pesepByapHOi (yHKLLT XOBYHOTO Mixypa A0 Ta nicns nanapockoniyHoi XoneLmcToniToToMii BiporigHo
He BigpisHAnMch. Bussunu siporigHe 36inbLueHHs dhpakuii BUkuay xoB4HOro Mixypa 3 54,5 +2,1 % 1o 64,4 2,9 % (p =0,0001)
Ta CKOPOYEHHs «NaTeHTHOro nepiogy» 3 15,6 + 2,5 x8 fo 8,3 £ 1,7 x8 (p = 0,001).

BucHoBku. [loTpMaHHs coHorpadiyHmx nokasaHb (MOOAUHOKI KOHKPEMEHTH XOBYHOIO MiXypa, TOBLLMHA NOTO CTiHKW MeHLLa
3a 3 MM Ta cppakuis Bukugy noHag 50 %) nig vac Biabopy XBopKx Ha 6e3CMMNTOMHIWIA XONELMCToNITia3 ANns anapockoniYHoi
XONEeLMCTONITOTOMIi Ja€ 3MOry He Tinbku 36eperti pesepByapHy, ane i NoninwmuT MOTOPHO-eBaKyaTOpHy (PYHKLIit0 HeBMaa-
NEHOTO Mif Yac onepaLii )0B4HOO Mixypa. Lie 3HKye puanku iMOBIPHOMO PELIMAMBHOTO KAMEHEYTBOPEHHS B HAabnvmkeHOMy
Ta BiganeHoMy nepiogax CrioCTEPEXEHHS.

Changes in reservoir and motor-evacuatory function of the gallbladder
in patients with asymptomatic cholecystolithiasis after organ-sparing surgery -
laparoscopic cholecystolithotomy

D. V. Syvolap

Sonographic assessment of gallbladder structure and function in patients with gallstone disease needs further improvement
not only to clarify the indications for organ-sparing operations such as laparoscopic cholecystolithotomy, but also to improve
the results of surgical treatment of asymptomatic cholecystolithiasis by predicting probable restoration of motor-evacuatory
function of the gallbladder and reduction of the number of recurrences of cholecystolithiasis.

The aim of the study was to investigate changes in gallbladder structure and function in patients with asymptomatic
cholecystolithiasis before and after laparoscopic cholecystolithotomy.

Materials and methods. The study involved 33 patients with asymptomatic cholecystolithiasis. The majority of patients are
women 82 % (n = 27), aged 23 to 54 years, mean age 48.0 + 11.9 years. And there were 18 % of men (n = 6), aged 25 to
58 years, mean age 46.2 + 12.4 years. Ultrasound examination of the abdominal organs was performed in all patients using
Philips No. MA2540R and LOGIQ General Electric Ser No. 52993WX3 before and after laparoscopic cholecystolithotomy.
During the examination, a sonographic assessment of the shape, size, contours, thickness of the gallbladder wall, as well as
its relation with surrounding organs and vascular structures was performed. The size of the common bile duct, the number
and size of stones in the gallbladder cavity, as well as its motor-evacuatory function were purposefully determined. Statistical
processing of the material was performed using the Statistica for Windows 13 (StatSoft Inc., No. JPZ8041382130ARCN10-J).

Results. Indicators of gallbladder reservoir function before and after laparoscopic cholecystolithotomy did not differ significantly.
There was a significant increase in the ejection fraction of the gallbladder from 54.5 + 2.1 % to 64.4 £ 2.9 % (P = 0.0001) and
a reduction in the “latency period” from 15.6 + 2.5 min to 8.3 £ 1.7 min (P = 0.001).

Conclusion. Adherence to sonographic indications (single gallstones, less than 3 mm wall thickness and ejection fraction over
50 %) in the selection of patients with asymptomatic cholecystolithiasis for laparoscopic cholecystolithotomy allows not only
to preserve the reservoir and also improve the motor-evacuatory function of it, which reduces the risk of possible recurrent
stone formation in close and long-term periods of observation.
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BinbLwicTb NONynAUINHUX AOCHIAXEHb LWOAO 3aXBOPHO-
BaHOCTi EBPONENCLKOrO HACEMNEHHS Ha )XOBYHOKaM'siHY
xBopoby (XKKX) BkasyioTb Ha BMCOKY 4acTOTy HOBWX
Bunagkis —y mexax 0,60-1,39 % Ha pik [7]. Y cTpykTypi
XKKX xBopi Ha conitapHuii 6e3CUMNTOMHMIA Xonewuu-
cTonia3 (X/13) craHoBnaTb Marxe 70 %, L0 naTonorito
BuABNA0Tb y 5-10 % HaceneHHs. KoxHa n'aTa xiHka i
KOXeH gecsatuii yonosik i3 2KKX MatoTb KaMeHi B K0OBY-
HOMY MiXypi Ta € NOTEHLINHUMM NaLieHTamm XipypriyHnx
cTauioHapis [6].

Pesynstatn meTtaaHanisy [8] nokasanu, Lo nana-
pockoniyHa xoneumuctonitotomis (JIXNT) moxe ByTu
KpaLiMM 3a nanapockoniyHy XONeLMUCTEKTOMIKD METO-
JOM niKyBaHHS1 xBopuX Ha YKKX, ockinbku nauieHTu
OfYXYIOTb WBMALIE Ta MalOTb MEHLUE YCKMaAHEHb,
0c06nMBO KOMM (PYHKLIS XKOBYHOMO Mixypa 3anuiia-
€TbCS 30epexeHot.

MnTaHHa Npo Te, YM BNNMBAE MOTOPHA (PYHKLIA
YKOBYHOTO MiXypa Ha CMMNTOMM Ta/abo PO3BUTOK XBOPO-
6u, 3anuLiaeTbes BiAKPUTAM, MO0 akTUBHO 0BroBopto-
10Tb Y HaykoBii nitepatypi [1]. BinbLwicTe gocnigHukie
BBaXaloTb, L0 YTBOPEHHS XOMECTEPUHOBUX KaMEHIB
Y KOBYHOMY MiXypi CIPUUMHSIOTH Kiflbka MeXaHi3MiB:
30iNbLUEHHSI HACUYEHHS XKOBYi XONECTEPUHOM, 3MiHU
KULLKOBO-MEYiHKOBOro KpoBOOBiry, 30kpema Yepes BTpaty
XKOBYHMX KMCNOT abo NOPYLIEHHS MOTMMHAHHS BTOPUH-
HUX XOBYHUX KMCOT, L0 BUPOONSTLCS MikpobioToro
TOBCTOI KWLLKM, @ TAKOX NOPYLUEHHS MOTOPHOI (OYHKLIT
)KOBYHOrO Mixypa [6].

lMonpw BigCYTHICTb €QMHOMO NOMSAAY WOAO poni Mo-
TOPHOI (PyHKLIii )KOBYHOrO Mixypa B po3BuTKy KKX, BoHa
Mae be3sanepeyHe 3HaqeHHs nig Yac Bubopy XipypriYHoi
TaKTUKM NikyBaHHS 6€3CMMNTOMHOrO X0oneLUmcToniTiasy —
BUAANSTI XXOBYHWIA MiXyp um 36epiraTi opraH.

[nsi BU3HAYEHHS1 MOXIMBOCTI BUKOHAHHS nanapo-
CKOMIYHOI XONEeLMCTONITOTOMIi MPOMOHYHOT Taki fjiarHoc-
TUYHI COHOrpadiyHi KpUTEPIT: MOOANHOKI KOHKPEMEHTH
diametpom Big 0,5 0o 2,0 ¢, Lo Nerko 3MillyoThes B
MOPOXHWHI XOBYHOO MiXypa; pO3Mipu XOBYHOTO Mixypa
— AOBXWHA He Ginblue Hix 80 MM, WMpUHa He Ginblue
HXX 40 MM; TOBLUMHA CTiHKM XOBYHOTO Mixypa — 1-2 Mm;
06’em xoB4YHOro Mixypa — go 70 cm?®; edheKTUBHICTb
XOBYOBWLINEHHS LLOAO MOTOPHO-eBaKyaTOPHOI (PyHKLT
xoB4Horo mixypa — Big 40 % po 80 % Bin BuxigHOMO
o6’emy [10]. YiTke fOTpUMaHHs KpuTepiiB Bigbopy Oae
3Mory 3anobirti po3BuUTKy iHTpa- Ta nicnsionepauinHnx
yCKIaaHeHb, NOKpaLLMTL HaGnKeHi Ta BinaaneHi pesyrb-
TaTu XipypriyHoro nikyBaHHs KKX, 3anobirti peunamsy
KaMeHeyTBOPEeHHs nicns xoneuwuctonitotomii [10].

BigkpvTvM 3anuLwaeTbCa NUTaHHS | MPO Te, Yy crpust-
TUME BUAANEHHS KAMEHIB i3 )KOBYHOMO MiXypa norintueH-
HIO I0T0 MOTOPHO-EBaKyaTOPHOT (PyHKLii.

Omxe, coHorpadiyHe OLIHIOBAHHS CTPYKTypwW Ta
(YHKLT )KOBYHOTO MiXypa Y XBOPUX Ha XOBYHOKaAM'HY
xBopoby notpebye yAOCKOHANEHHS He Tinbky Ans yTou-
HEHHSI NoKasaHb [10 opraHo3bepiranbHUX onepawii, iK-0T
1anapocKoniYHOI XONeLMCTONITOTOMIT, ane 1 NOKpaLLEHHS
pesynbTartiB XipypriYHoro nikyBaHHS 6€3CMMNTOMHOrO
XOfeuucToniTiady LWMsSXOM NPOrHO3yBaHHS MMOBIPHOTO
BiZJHOBMNEHHS MOTOPHO-€BaKyaTOPHOT (OYHKLi XKOBYHOTO
Mixypa Ta 3MEHLUEHHS KiNbKOCTi peLManBiB XoneumcTo-
niTiasy.
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JocnignTi 3miHM CTPYKTYpU Ta (PYHKLIT X)KOBYHOIO Mixypa
Yy XBOpUX Ha B6e3CMNTOMHIWIA XonewumcToniTias 4o Ta nicns
1anapocKOoniYHOI XONeLMCTONITOTOMil.

Martepianu i meToAU AOCAIAKEHHA

JocnigpxeHHsa 3aiicHUNM Ha KNiHiYHIn 6a3i kadenpu
dakynsTeTCbKoi Xipyprii 3anopisbkoro gepxaBHOro
Me[MYHOro YHIBepCUTETY, L0 po3TalloBaHa Ha 6asi
XipypriyHoro BigaineHHs GaratonpodinbHOI nikapHi
TOB «BITAUEHTP». NMicns nignucarHs iHhopmoBaHoT
3roau Ha y4acTb Yy JOCTIMKEHHS 3anyumnn 33 XBOpyX Ha
6e3cMmnTOMHMI XoneumcToniTias. MNepesaxHa GinbLuiCTb
navieHTiB —xiHku (82 %, n = 27) BikoM BiA 23 40 54 pokis,
cepenHin Bik—48,0 + 11,9 poky; pewuta —yonosiku (18 %,
n = 6) Bikom 25-58 pokiB, cepepHil Bik — 46,2 + 12,4 poky.
HatuacrTilwi komop6igHi natonorii: rinepToHiyHa xBopoba
(18,2 %, n = 6), BpaskoBa xBopoba (15,2 %, n = 5), ce-
Yyokam'siHa xBopoba (15,2 %, n = 5), iwemiyHa xBopoba
cepus (12,1 %, n = 4), XpOHiYHWIA 06CTPYKTUBHUIA BPOHXIT
(12,1 %, n=4).Y pesik1x nauieHTiB giarHocTyBanm binbLue
HiXX OfJHe CyMyTHE 3aXBOPIOBAHHSI.

YnbTpasBykoBe AOCMIMKEHHS OpraHiB YepeBHOI no-
POXXHWUHW BMKOHaMM BCIM XBOpUM Ha anapatax «Philips»
Ne MA2540R i «LOGIQ General Electric» Ser. Ne 52993WX3
[0 Ta Micrns NanapoCcKOMiYHOI XONEeLMCTONTOTOMI.

Mig Yac obeTexeHHs 3aiNcHUNM coHorpadivHe oLyi-
HIOBaHHA )OPMM, PO3MIPIB, KOHTYPIB, TOBLUMHU CTiHKM
XKOBYHOTO MiXypa, a TaKoX NOro 3B’s13KiB i3 HaBKOMMLUHIMU
opraHamu Ta CyavMHHUMU CTPyKTypamu. LiinecnpsimoBaHo
BU3HAYanu po3mipu Xonegoxy, KinbKicTb i po3Mipu KOH-
KPEMEHTIB Y MOPOXHWHI )KOBYHOTO MiXypa, Woro MoTop-
HO-eBaKyaTopHy (PYHKLItO.

[ns oujiHIOBaHHSI 06’€MY XOBYHOO Mixypa nawieHT
6yB NOBWHEH He KYpUTW Ta He BXMBATK iXy BMPOLOBX
KiNbKOX TOAWH [0 novatky AocnimkeHHs. O6CTEXEHHS
BMKOHaIM B NMONOXEHHI NaLieHTa Ha NiBomy 6oLl 3 KyTom
Haxuny Tyny6a 15-30°. YacToTHuI AianasoH KOHBEKCHOTO
fgaryuka — 3,5-5,0 M. O6’em 0BYHOrO Mixypa Ao i
MiCNsl IOr0 CKOPOUYEHHSI BU3HAYanm 3a JOMNOMOroK me-
Tody cnpoLleHoro enincoiga. BukopucToByBanu npocty
TecToBy ixy 3 Wwokonazgom (50 r) abo craHgapTHy ixy (700
Kkan), Lwo cknaaanacs 3 20 r Ae4HOr0 XXOBTKa Ta 14 I Xupy.
Micns npuiMaHHs TeCToBOI i 06’eMM NocTNpaHaianbHo-
ro XOBYHOTO Mixypa chikcyBanm Ha 1, 3, 5, 7, 10, 20, 30, 40,
50, 60 xBunuHax. BusHavanu vac «nateHTHoro nepiogy»
(Hopma — [0 3 XB), YaC MaKCUManbHOTO CKOPOYEHHS
(Hopma — 20—40 xB). MoTopHO-eBaKyaTOpHY (OYHKLIO
OLiHIOBany 3a CTaH4apTHO METOAMKOLO [5]. HanmeHLwLnii
06’eM 3KOBYHOTO Mixypa BBaxanu 3anuiukosum (GB-RV).
®pakuito BuKMAY XoB4HOro mixypa (GB-EF) pospaxosy-
Bam 3a chopmynoto: GB-EF = (1 — GB-RV [mn] / GB-NV
[mn]) x 100 %, ne GB-EF — dpakuis Bukugy OBYHOTO
mixypa, GB-NV — noyatkoBuin 06’em XOBYHOTO Mixypa,
GB-RV - 3anuwukoBuii 06’'eM K0BYHOTO Mixypa.

HopmanbHuin 06’eM XOBYHOMO Mixypa CTaHOBUTb
Big 50 cm® go 70 cm®, HopmarbHe nocTnpaHdianbHe
3HWKEHHS 00’eMY XOBYHOTO MiXypa — HE MEeHLUE HixX
50 %, BiQHOBNEHHS MaKCUManbHOTO 06’€My XOBYHOrO
Mixypa — npubnuaHo Yepes 1,5-2,0 roanHn nicns 1oro
CKOPOYEHHs [2].

Pathologia. Volume 19. No. 1, January — April 2022



OpwuriHaAbHI AOCAIAKEHHSA

Ta6nuus 1. JliHinHi 1 06’€MHI NOKa3HWKK XOBYHOIO MiXypa y XBOPMX Ha XornewuucToniTias 4o Ta nicns onepadii xoneuucronitotomii, M + SD

Moka3Huk,
OAUHULI BUMipIOBaHHA

o onepauii

[lo xoBYOriHHOrO Micnsa xoB4YoriHHOro [lo xoBY4oriHHOro Micnsa xoB4YoriHHOro
cHipaHky, n = 33 cHipaHky, n = 33 cHipaHky, n = 33 cHipaHky, n = 33

[loBXuHa XO0BYHOTO Mixypa, MM 73,023 70,822 0,0001 73,7+18 71,120 0,0001
LLInpnHa xoB4HOrO Mixypa, MM 292+1,0 20,009 0,0001 29,1+£1,0 176+0,7 0,0001
0O6’em *0BYHOTO Mixypa, M1 325+22 148+13 0,0001 32621 11,6 £0,9 0,0001

Tabnuus 2. ®pakuis BUKMAY XOBYHOTO Mixypa Ta TpUBaniCTb «MaTEHTHOrO nepiody» A0 Ta NiCNs XONeuncToniToTomii

Moka3HuK, oAuHULI BUMipIOBaHHSA [lo onepauii xoneyucronitoromii, n = 33 Micns onepauii xoneuncronitoTomii, n = 33

®pakuis BUKMAY XOBYHOTO Mixypa, % 545+21

64,4+29 0,0001

JlaTeHTHUWI nepiog, XB 156+25

8317

0,001

CratnctnyHe onpautoBaHHS Matepiany BUKOHAM
3a pgonomoroto Statistica for Windows 13 (StatSoft
Inc., Ne JPZ8041382130ARCN10-J). inoTte3y wwoao
HOPMarbHOCTI PO3MOAINY KiNbKICHAX NOKa3HWKIB aHani-
3yBanu, BukopuctoBytoun Shapiro—Wilk test. MokasHmkm
KINbKICHUX O3HaK HaBELEHi K cepefHe apudmeTnyHe
(M) Ta cTaHgapTtHe BigxuneHHs (SD), akwo po3nogin
HopMmanbHui, abo sk megiaHa (Me) Ta MixXKBapTUNbHUIA
poamax (Q,; Q,,), Npu BIAXUNEHHI Bif 3aKOHY HOPMarb-
HOro po3nopiny. MokasHMKN AKICHUX 03HaK HaBedeHi K
abcontoTHi Ta BigHOCHI YacToTw. BignosigHo 10 xapakTepy
po3nopiny pisHNLIO B rpynax 3a KinbKiCHAMW NOKa3H1Kamm
BU3HAYanM MeTodamMu napamMeTpUyHOi CTaTUCTWKK (3a
kpuTepiem CTblofeHTa), HenapaMeTpUYHOI CTaTUCTUKN
(3a kputepiem Mann-Whitney U test); 3a skicHumu nokas-
HVKamu — 3a kpuTepismm x%, Post-hoc aHaniay.

CTatncTnyHy po36ixHICTb MOKA3HMKIB BU3HAYMIIM Ha
pisHi p < 0,05, yci TecT ABOGIYHI.

Pe3yabTati

3a pesynsTatamMu ynbTpasBykoOBOrO LOCHIIKEHHS Ta
3aranbHOKMIHIYHMX 0BCTEXEeHb, Y BCIX XBOPUX AjarHoc-
TyBanu 6e3cMMNTOMHUI xoneuucToniTias 6e3 Byab-Akux
03HaK rocTpOro 3ananeHHs. 3a KinbKicTio KOHKPEMEHTIB Y
YOBYHOMY MiXypi Ta MOPCHOIOriYHUX 3MiH OO CTIHOK XBO-
pi icta.Hi: 90,9 % (n = 30) nauieHTiB Manu 1 KOHKPEMEHT;
9,1 % (n = 3) — 2—-3 koHKpeMeHTU. XKoaeH obCTExXEHN
He MaB OinblLue HiXX 3 KOHKPEMEHTW B MOPOXHMHI KOBY-
Horo Mixypa. TOBLLMHA CTiHKV XOB4YHOTO Mixypa B 78,8 %
(n=26) xsopux He nepesuLyBana 2 Mm, y 21,2 % (n=7)
nauieHTiB — 2—3 MM.

[uHamiyHe ynbTpasBykoBe OOCMIMKEHHS renatobi-
niapHoi cucTeMm nokasano: B micrnsionepawinHomy ne-
pioai MOTOpHO-eBaKyaTopHa (YHKLS XOBYHOMO Mixypa
BipOriAHO noninmMnacs nopiBHAHO 3 JoonepauinHnmm
nokasHukamu (mabn. 1, 2).

3a gaHumu, Wo HaBedeHi B mabnuusx 1, 2, nokas-
HUKN pe3epByapHOi YHKLIT XOBYHOTO Mixypa 40 Ta
nicns onepadii BiporigHo He Bigpi3HANMCS. BusHaunnm
BiporigHe 36inbLeHHS paKLii BUKIOY XKOBYHOTO Mixypa 3
54,5+2,1% no64,4+2,9% (p=0,0001) Ta CKOPOYEHHSI
«nateHTHoro nepiogy» 3 15,6 + 2,5 x8 0o 8,3 + 1,7 x8
(p=0,001).

Pesynbraty, Lo ogepanu, CBig4aTh Npo MOXIMBICTb
i OOUINbHICTb BUKOHAHHSI XBOPUM Ha BE3CMMNTOMHUIA
XornevuwucToniTia3 i3 BUXIAHOK OpaKLietd BUKMUOY XKOBY-
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Horo mixypa noHag 50 % opraHo3bepiranbHoi onepavii
— flanapocKonivyHol xoneuuctonitoTomii. BuganeHHs
KOHKPEMEHTIB i3 MOPOXHWHW XXOBYHOTO MiXypa crpusie
[00aTKOBOMY MOMIMLLEHHIO NOrO MOTOPHO-EBaKyaToOpHOT
hyHKLUii BHacnigok 36inbLUeHHs dpakuii BUKuay.

06roBopeHHA

BukopucTaHHs METoAVKM ManapoCKoMiYHOI xoneLucToni-
TOTOMIT 3 JOTPUMaHHAM MNokasaHb 40 il BUKOHAHHS Mae
nepesaru Hag nanapocKoNiYHO XONMELWUCTEKTOMIED
[9]. BukopucTaHHs Ui€i METOAMKM Aae 3MOry OTpUMaTh
XOPOLLUWA KOCMETUYHWIA edeKT 3aBASKN MiHiiHBa3WBHIN
METOAULI BUKOHAHHS! OnepaTuBHOrO BTpyYaHHsl, 3beper-
TV XKOBYHWI MiXyp, WO dyHKUioHye. MeToauky mMoxHa
BUKOPUCTOBYBATU Y XBOPUX Ha KKX i3 Byab-akum Trnom
KaMeHiB po3Mipamut 0 2 CM i KiNbKiCTIO He Binblue Hix
3, HaBiTb SKLIO € CynyTHS NaTosnoris NeyiHk1, HUPOK.
Micns npoueaypy B XXOBYHOMY MiXypi HE 3anMLLIaETbCA
(hparmeHTiB KOHKPEMEHTIB, 3rycTkiB, cnudy, Binka Ta
MIrMEHTHUX FPaHys, WO MOXYTb CTaTW B ManbyTHLOMY
SApamu peLyamBHOro fitoreHesy. B pasi po3suTky peLm-
[VBY XOmneLycToniTiady 3aBkau MOXIMBE 34iiCHeHHs abo
MOBTOPHa XoneuwcTonitotomis/xoneuncrektomis [10].
Be3cyMHIBHO, € NEBHUI PU3NK PELIMAUBY XONELMCTO-
niTiady nicns BWAANEHHS KaMeHIB i3 XOBYHOMO Mixypa.
Peuunave yTBOpeHHsI HOBUX KaMeHiB, Ha anb, 3anu-
LIAETbCS BaXIIMBOK NPOGMEMOL, Lo 0OMEXye LUMpoKe
3aCTOCYBaHHS METOAMKM ManapocKOoMivYHOi XxonewuucToni-
ToTomii. 3a paHumu [8], nnwe y 3 % xBopmx Ha XKKX nicns
XOMNEeLMCTONITOTOMII BNPOAOBX 4 POKIB BUHMK peLmans
KaMeHeyTBOpeHHs; BigdaneHa (noHag 15 pokie) yactoTa
peunameiB xoneumctonitiady craHosuna 10,11 % [4].
dakTopw, LU0 BU3HAYaTb PELIMAMB KAMEHEYTBOPEH-
HS1, OCTATOMHO He 3'sicoBaHi. MeTaaHani3 8 gocnimkeHb
[3] maB 3mory BCTaHOBUTM (haKTOpW PU3VKY peLmaysy
YTBOPEHHS KaMeHiB Micns nanapockoniyHoi xoneum-
CTONITOTOMIi. He BUSBUNK CyTTEBWUI BNAWB BIKY, CTaTi
YM LLyKPOBOTO [iabeTy Ha MOBIPHICTb PELIMAMBHOIO XO-
neumcrtoniTiady nicns JIXJT. HatomicTb BUCOKWIA pU3KK
peLmMamBY KaMeHEYTBOPEHHS Y 36epEXXEHOMY KOBYHOMY
mixypi nicns JIXIT manu nauieHTyt 3 CiMenH1m aHamHe3om
YKOBYHOKaM siHOi XBOpoOU, a Takox 0cobu, siki Binaasan
nepeBsary XWPHIN i, XBOPi 3 MHOXWHHAMU KOHKPEMEH-
Tamu. Yactota peumamsy kKameHeyTBopeHHs nicns JIXIT
Maibke B 4,24 pasa BuLA B NALIEHTIB i3 MHOXUHHAMM
KOHKPEMEHTaMM, HiX Y TWX, XTO MaB MOOAMHOKI KaMeHi
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XOBYHOTO Mixypa [0 BuaaneHHs [3]. Y ubomy metaaHa-
Ni3i JOBeAEeHO TaKoX, LLIO iCTOTHE 30inbLUEHHS YacToTu
peLvamBIiB KaMeHeYTBOPEHHS NMOB'A3aHe 3 AUCYHKLIE
XOBYHOTO Mixypa.

lMopyLUeHHs GhyHKLi )KOBYHOTO MiXypa NPOsiBMSIETLCA
nepeaycim NOJOBKEHHSIM Yacy AiacTorM X0BYHOIO Mixypa
i Yacy /oro CKOPOYEHHS!, TOBTO 3HWXKEHHAM LUBMAKOCTI
poacnabneHHsi Ta ckopodeHHs. BHacnifok Lboro esaky-
aLis )oBYi 3aTPUMYETLCS, LLIO MPU3BOAUTHL [0 YTBOPEHHS
YKOBYHMX KaMeHiB. 36inbLUeHHs COHOrpaiYHOI TOBLLWHN
CTiHKM >KOBYHOTO MiXypa noHag 3 MM BipOrigHO acoLitoBa-
NOCS 3 BUCOKUM PU3VKOM PELIMAVBY KaMeHeyTBOPEHHS
nicna NIXITT. HuHi BMBYaKOTb rinoTesy LLOAO0 OCHOBHOIO
MexaHi3My peLuamBy xoneuucTonitiasy npu 30inbLIEHH
TOBLLIMHM CTiHKM >KOBYHOTO Mixypa. BBaxatoTb, LU0 NOTOB-
LLEHHS1 CTIHKW XOBYHOTO MiXypa CMpWUYMHSIE 3POCTaHHS
NOIMUHAHHSA XONaTiB, NPU3BOAAYN A0 3HWKEHHS iXHbOT
KOHLIEHTpaLlii B KOBYi, 3 NapanenbHUM NepexofoM Xonec-
TEepWHY >KOBYi B NEpeHacYeHii CTaH, Yepes LLIO OCTaHHil
Nerko BuMagae B ocaf i kpuctanisyetbcsl. ba Ginblue,
3MiHEeHa CTiHKa XXOBYHOTO MixXypa noserLye BigknagaaHHs
KOMMOHEHTIB >KOBMi Ha KMITUHAX, L0 3NyLLYOTLCS i Yac
3anarneHHs Ta yTBOPHOKTb siApa HACTYMHOI KpucTanisavii.
Tomy nikyBaHHSI 3ananeHHs! XKOBYHOTO MiXypa, LLIO MOXe
BiZJHOBWTW 110r0 CKOPOTNMBY 34aTHICTb NiCNSA XOnewuncTo-
niToTOMii, Ma€e ByTu KIOYOBUM 3aX0A0M Ans 3anobiraHHs
peunamnBy KameHeyTBopeHHs [1].

LLlono pe3epByapHOi chyHKLi crif 3ayBaXMTI: KOHKpEe-
MEHTM 3aiiMaroTb NEBHUIA, iHOAI YuManuii, 06’em Mixypa,
a X BganeHHs 0oaatkoso 36inbLuye 06'eM NOPOXKHUHM
Mixypa HaBiTb 6€3 3MiH 10ro po3mipis. Ha nigTBepmKeHHs
HaBOAMMO A0BOi NPOCTi po3paxyHku. MpunycTimo, Lo B
NOPOXHWHI XKOBYHOTO MiXypa € COMiTapHWiA KOHKPEMEHT
ZiameTpom 3 cM, paiyc Takoro KOHKPEMEHTY CTaHOBW-
Tmme 1,5 cm. 3rigHo 3 chopmynoto (V = 4/31r8), 06’em
KOHKpemeHTa cTaHoBuTUMe 4/3 x 3,14 x (1,5)° = 14,14
cm®, abo 14,14 mn. BpaxoBytouu, WO HOpManbHUI
06’eM XOBYHOrO Mixypa cTtaHoBuTb 50—-70 mMn, TO Takui
KoHKpemeHTy 3anmMae 20—-29 % vioro 06’emy. OyeBuaHo,
L0 BWANEHHS TAaKOTO KOHKPEMEHTY 36inbLuyBaTnme
pesepByapHy yHKLito B Mexax 30 % Bif BUXiQHOrO piBHS
©e3 0[aTKOBOrO PO3TArHEHHS! XKOBYHOTO MixXypa.

OTxe, nanapockoniyHa XoneumcTonitTotToMmisi, Bu-
KOHaHa XBOPUM Ha OE3CMMNTOMHWIA XoneumcToniTias
3i 30epeXEeHOI0 BUXIAHOK (DpaKLied BUKMZY XKOBYHOMO
Mixypa, fae amory 36epert (MOXIMBO, i NOKpaLLMTL)
110ro pe3epByapHy Ta MOsiNWKNT MOTOPHO-eBaKyaTOPHY
yHKLito. Lie € 3anopykoto 3HMKEHHS pU3NKY peLmnamBy
YTBOPEHHS HOBUX KOHKPEMEHTIB.

Lli dhakTi matoTb BaxknmBe 3Ha4eHHs i vac Bigbopy
Ta [N BCTAHOBMEHHS nokasaHb A0 opraHosbepiransHol
onepaLii, Wwo 6a3ytTbcs Ha 36epekeHHi i3ionorivHmnx
MexaHi3MmiB KymynsiLii Ta 6e3nepeLIKoaHOro HaaXOMKEH-
HS1 XKOBYI Y ABaHAALUATUNAINY KULLKY.

BucHOBKU

[loTpuMaHHs coHorpadiyHMX nokasaHb (MOOAUHOKi
KOHKPEMEHTU 3KOBYHOMO MiXypa, TOBLLMHA Or0 CTiHKM
MeHLwa 3a 3 MM Ta (pakuis Bukuay noHaa 50 %) nig vac
BiAbopy XBOpMX Ha 6E3CMMNTOMHWIA XOoneumcToniTias
ANs NanapockoniyHOi XoneuncToniToToMii 4a€ 3mMory He
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Tinbkn 36epertv pesepsyapHy, ane 1 noninwmuT MoTop-
HO-eBaKyaTOpHy (OYHKL0 HEBMAANEHOrO Mif Yac one-
pauii xoB4HOro Mixypa. Lie 3HWKye puavkv IMOBIPHOTO
PELMAMBHOTO KAMEHEYTBOPEHHS B HabnuxeHoMy Ta
BiZAaneHoMy rnepiogax CrnoCTePEXEHHS.

MepcnekTnBM noganbLUMX AOCNIAXKEHb NOMsraloTb
y 3'AcyBaHHi BigaaneHux (5 pokiB) pesyneraTiB nana-
POCKOMIYHOI XONELMCTONITOTOMIT — YacTOT! peLmansy
XoneumcToniTiady Ta BCTAHOBMEHHSI (DaKTOPIB PU3KKY
110r0 BUHWKHEHHS].
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MeTa po6oTH — BUBYEHHS MOPCONOTYHAX NapaMETPIB 3arOeHHS XPOHIYHKX THIHO-HEKPOTUYHMX paH Y Binux Lwypis npu
micueBomy 3acTocyBaHHi 0,025 % po34nHy AeKaMETOKCUHY Ta Me3eHXiMarbH1X CTOBOYPOBUX KIITUH.

Matepianu Ta meToau. EkcnepymeHTanbHe focnimkeHHs BukoHanm Ha 120 Lwypax, Skux Noainunm Ha rpynu: | — KOHTponb
(6e3 nikyBaHHs1); Il — «knacu4He» NikyBaHHS paH 3 BUKopuUcTaHHsAM aHTucenTuka (0,025 % posunH aekameTokcuny); Il — 3a-
CTOCYBaHHS1 Me3eHXiManbHKX CTOBOYPOBYIX KIITUH i3 NyNKOBOTO KaHaTuKa; |V — 3acTocyBaHHS Me3eHXiManbHMX CTOBOYpPOBMX
KMiTUH, KIOHOBAHMX B iHEPTHYMX ra3ax. [Ins ouiHBaHHS MOPGOMOriYHKX 3MiH i3 KpaiB paH BuUpi3any hparMeHT po3mipamm
0,5¢cm x 1,0 cm x 1,0 cm, cikcyanu y 10 % po3uuHi HelmTpansHOro opmaniHy Ta 3anveanu napadiHom. FicTonorivHi 3piaun
3aBTOBLLKM 5—7 MKM 3abapBrtoBani reMatokCUsiHOM i €031HOM, OCHOBHWUM KOPUYHEBMM, NIKPOCHYKCUHOM 3a BaH [i30HOM,
Tpyxpomom 3a MacoHom.

[ns imyHOricTOXiMiYHMX AOCIDKEHb BUKOPUCTOBYBAIN MOHOKMOHabHi aHTUTINa komnaxii DAKO: o npoMikHUX dinameHTis,
me3eHxiManbHUX KniTuH i MiodhibpobnacTis — Vimentin (Clone V9), rmazgkom’sizosoro aktuHy (aSMA, Clone 1A4), TpaHcmeM6-
paHHoro bBinka eHgoTeNianbHMX KNiTH, CTOBOYpPOBKMX | eMBpioHanbHMX ibpobnactisa — CD34 (Clone QBENd 10), a Takox
cuctemy Bidyanisauiji En VisionTMFLEX.

Pesynkratu. [03nTVBHY AMHaMIKY 3aroeHHS XPOHIYHKX paH y pasi 3actocyBaHHs 0,025 % po3dnHy AeKaMeTOKCUHY crnocTe-
piranu Tinbkn Ha paHHix TepMiHax (3—7 goba), 3okpema BUABUNM 3MEHLLEHHS 3ananbHOI KMITMHHOI iHGiNbTpaLlii NOpiBHAHO
3 MCK i MCK-IT. OcTaHHi Bynu echeKTMBHUMM Ha BCix eTanax AOCTIIKEHHS, IO MiATBEPAKYBaANoCs LUBUALLMM O4ULLEHHSM
NOBEPXHi PaHW Bif, THIHO-HEKPOTUYHUX TKAHUH, 3MEHLLEHHSIM MITOLL, MPUCKOPEHHAM (hOpPMYBaHHS rpaHyNsALiNHOI TKAHUHN
Ta eniTenisavji paHu.

BucHoBku. BukopuctanHs MCK i MCK-I" cTBOptot0Tb CpUSTIIMBI yMOBYM AN HOpMaribHOro nepebiry pereHepaTopHMX NpoLiecis
Ta enitenisavii paH 3 akTuBaLieto ¢ibpobracTis, WO NigBuLLYe eheKTUBHICTL 3ar0eHHS XPOHIYHKX paH.

Morphological rationale of mesenchymal stem cells
in the local treatment of experimental chronic purulent-necrotic wounds

S. V. Slobodianyk, S. D. Khimich, S. V. Vernygorodskyi, V. S. Shkolnikov

Aim: to study morphological changes in healing of chronic purulent-necrotic wounds in rats with local use of 0.025 %
decamethoxine solution and mesenchymal stem cells.

Materials and methods. The experimental study was performed on 120 rats, which were divided into the following groups:
| — control (without treatment); Il — the use of classical wound healing (0.025 % decamethoxine); Ill — the use of clones of
mesenchymal stem cells from the umbilical cord; IV — the use of clones of mesenchymal stem cells (cloned in inert gases). To
assess morphological changes in chronic wounds, fragments measuring 0.5 cm x 1.0 cm x 1.0 cm were cut from the edges,
followed by fixation in 10 % solution of neutral formalin. The microspeciments were prepared according to standard methods,
histological sections 5-7 pm thick were stained with hematoxylin and eosin, basic brown, picrofuchsin according to van
Gieson, Masson trichrome. The monoclonal antibodies (DAKO) with markers of intermediate filaments, mesenchymal cells
and myofibroblasts — Vimentin (Clone V9), smooth muscle actin (aSMA, Clone 1A4), transmembrane protein of endothelial,
stem cells and embryonic fibroblasts CD34 (Clone QBENd 10) were used for immunohistochemistry.

Results. The positive dynamics of chronic wounds healing, with the usage of 0.025 % decamethoxine solution only in the early
stages (3—7 days) was determined with a decrease in inflammatory cellular infiltration, while MSC and MSC-IG were effective at
all stages of research and confirmed by more intensive purification of the wound'’s surface from purulent and necrotic tissues,
area of the wound reduction, granulation tissue formation and epithelialization acceleration.

Conclusions. The use of MSCs and MSCs-IG creates favorable conditions for the normal course of regenerative processes
and epithelialization of wounds with the activation of fibroblasts, which increases the effectiveness of chronic wound
healing.
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MaLienTn 3 paHoBOHO iHeKLiet cTaHOBNATL Marxe 40 %
XBOPWX YCbOTO XipypriyHoro npodinto [1]. Pu3uk renepa-
nisauii iHdekuii € npu Gyab-sIKOMY, HaBiTb HEBEMNKOMY
3a po3mipamu, ocepenky. JTikyBaHHs XipypriYHnX iHek-
LiNHMX 3aXBOPIOBaHb i MicnsonepauinHnx iHPeKLUinHnX
ycKnagHeHb NoTpebye iCTOTHWX TPyOOBYWX | MaTepianbHUX
BUTPAT, & NeTanbHICTb NPU iIHPEKLINHWNX YCKIaAHEHHSAX y
nicnsonepauiHomy nepiogi carae 30 % [1].

HesBaxaroum Ha NosiBy HOBWX BUCOKOTEXHOMOMYHMX
MeToaiB [iarHOCTMKK, BUCOKOEMEKTUBHUX MIKAPChKMX
npenaparis, NOCTiliHe YA0CKOHANEHHs OnepaTUBHOI TEXHI-
KI, 3 KOXXHM POKOM CriocTepiratoTb 30iMbLLEHHS KiNbKOCTi
XBOPUX Came 3 XPOHI4HOK paHoBOIO iHdekuieto [1,2]. Lie
MOB’S13aHO HE TiNbkK 3i 30iNbLIEHHAM KifTbKOCTi XBOPUX i3
THIMHUMKW paHamu, ane 1 3 BIACYTHICTIO YHiBepcarnbHOro
3acoby 4u meToay nikyBaHHS paH. TpaguuiiHi 3acobm
i MeToawn NikyBaHHSA YCKNagHEHUX paH 4acTo Mano-
edbekTUBHI Ta He 3aBXau 3anobiratoTb PO3BUTKY Pi3HUX
ycknagHeHb. Lle Bu3Havae HeOOXiOHICTb MPOJOBXEHHS
MOLUYKY HOBUX i YOCKOHamNeHHs Bifomux 3acobis, MeTo-
[iB NiKyBaHHS, LLO CTUMYIIOTL penapaTuBHi NpoLecy B
YCKNaHEeHUX paHax, a TakoX MOrnmbrneHoro BUBYEHHS
MexaHi3MiB iXHbOI [ji, 30Kpema 3acToCoBYyUM MOPO-
norivHi MeToam gocnimreHHs [3]. MNepcnekTyBHi HanpsMu
[J0CHigKeHb LLoAO Liei naTonorii — BUBYEHHS! AOLNbHOCTI
PO3LUMPEHHS MOKa3aHb A0 3aCTOCYBaHHS XipypriyHmx
METOAIB Ta YAOCKOHaNEeHHs cnocobiB MiCLEBOro BNnBY
Ha paHoBuMI npouec [4].

lNporpecvBHUM METOAOM fiKyBaHHS paHOBUX Aeek-
TiB € TpPaHCNMaHTaLis anoreHHNX Me3eHxXiManbHUX CTOB-
6ypoBux knituH (MCK) XMpoBMX TKaHWH, LLO OAepKaHi in
vitro. loBegeHo, Lo BBeaeHHs MCK'y nicnsionikosi paHu
npu3BOAMTL A0 NMPUCKOPEHHS NPOLECIB BacKynspmsaLii
Ta enitenisauii, NONiNLy4M NPoLEeC 3aroeHHs paH. Lli
ecbekTn gocsrarotbesa 3aBasku cekpeuii MCK HM3kn
LIMTOKIHIB, XeMOKiHiB, (haKTOpIB POCTY, LLIO MaK0Th iMyHOCY-
NPEeCOpHy, NpoTM3anansHy Ta aHTubakTepiansHy Aii [5].
HesBaxatoun Ha pisHOMaHITTS 3anponoHOBaHUX METOLIB,
MOXJIMBOCTi MiABWLLEHHSI €(hEKTUBHOCTI NiKyBaHHSA pa-
HOBOTO MPOLIECY A0 KiHLS He BUYEPNaHO, L0 BU3HAYae
[OLINbHICTb NPOAOBXEHHS AOCNIMXEHD Y LIbOMY HaNpsiMi.

Merta po6otu

BuB4EHHS MOPHONOriYHMX NapaMeTpiB 3ar0EHHS XPOHIY-
HUX THIMHO-HEKPOTWUYHMX paH Y Binux LypiB npu micue-
BoMy 3actocyBaHHi 0,025 % po3unHy fekamMeToKCUHY Ta
Me3eHXiMarnbH1X CToBOYPOBMX KMiTHH.

Martepianu i meToAU AOCAIAKEHHA

EkcnepumeHTanbHe JOCNIMKEHHS 3AicHMnM Ha 120
Lypax Ha 6asi BeTepuHapHoi KniHiku (BiBapito) BiHHMLb-
KOro HaLioHanbHOr0 MeAMYHOrO YHIBEPCUTETY iMeHi
M. 1. Muporosa. TBapuH noginunu Ha rpynu: | — KOH-
Tponb (6e3 nikyBaHHs); [l — «knacuyHe» NikyBaHHs paH 3
BUKOpUCTaHHAM aHTucenTuka (0,025 % posunH gekame-
ToKCuHy); lIl — 3acTocyBaHHS Me3eHXiManbHKX CTOBOY-
POBUX KMITUH i3 MyNKOBOro kaHaTuka; |V — 3acTocyBaHHs
Me3eHxiMarnbHWX CTOBOYPOBMX KIITWH, KMOHOBaHWX B
iHEpPTHWX razax. XpOoHiYHy paHy MOAEntoBanu 3a opuri-
HanbHOK METOAMKOK aBTopa [6]: nig Yac hopMyBaHHs

Matonorisi. Tom 19, Ne 1(54), ciueHb — kBiTeHb 2022 p.

OpwuriHaAbHI AOCAIAKEHHSA

CTaHAapTHOro AeddeKTy LKIpU B MIKMONATKOBIN AinsHLi
Lypa AiaMmeTpom 1 cM Ha Npunerni TKaHWHW Haknagau
iLIeMi3yto4y METanoKOHCTPYKLiH [N 3MEHLLEHHS Kpo-
BOTOKY B AiNsHLi paHu, L0 NPU3BOAWIO 4O CYTTEBOIO
YMOBINIbHEHHS TEPMIHIB 3aroeHHs1. JlikyBaHHS nounHanm
Bi 28 006 Bif HAHECEHHS PaH, LLIO KMiHIYHO Ta ricTono-
riYyHO BIAMNOBIAANO XPOHi3aLlii paHOBOrO MpoLecy.

MCK BaptoHosa ctyaHst (MCK-BC) ntoguHu otpumanu
3 IHcTUTYTY MOnekynsapHoi bionorii Ta reHeTnkv HAH Ykpa-
THW 3rigHO 3 JOroBOPOM. Y LibOMY JOCHidi BUKOpUCTanu
MCK-BC, kyrbTviBoBaHi 3a cTaHaapTHIX ymoB CO,-iHky6a-
TOpa, MPY 3HKEHIN KOHLIEHTPALi KUCHO (B repMETUYHIl
kamepi, 3 % kucHto, 92 % a3oty, 5 % Byrnekvucnui ra3 — B
iHepTHUX ragax). MCK-BC yBoaumnu nokansHO 0AHOPa3oBo
Ha 28 0By 3 Yacy MoZentoBaHHS XPOHIYHOT paH METOOM
LIMPKYNSIPHOTO iH EKLIIHOMO BHYTPILLIHBOLLIKIPHOTO HarHiTaH-
Hs B kpai paHn 500 Tuc. knituH y 0,5 mn gpisionoriyHoro
posynHy; 0,025 % posunH AeKaMETOKCMHY 3aCTOCOBYBanu
MiCLIEBO METOOM HaK1aAaHHs MPOCOYEHOI HUM CTEPUITb-
HOI MapreBoi NOB'A3KY Nif, Yac LLIOAEHHNX NEPEB’A30K.

JocnigpkeHHs BUKOHAnNM 3rigHO 3 MiKHapOAHUMM
KOHBEHLLSIMU LLI00 3aXWCTY TBAPWH, SKUX 3aCTOCOBYIOTb
3 eKCNEPUMEHTANBHUMM Ta HLIMMU HAYKOBUMM LiNsIMM
(Ctpacbypr, 1985), a TakoX BiAMOBIAHO 4O MOMOXEHb
KOMITETY 3 6i0eTMKM BiHHMLbKOTO HaLlioHanbHOro Meamy-
Horo yHiBepcuTeTy imeHi M. |. Muporoa MO3 Ykpainu.

[ns ouiHtoBaHHS MOPMOIOriYHMX 3MiH i3 KpaiB paH
BUpizanu gparmeHTn po3mipamu 0,5 cm x 1,0 cm x 1,0
cm, dikcyBanm y 10 % po3umHi HelTpansHoro gop-
ManiHy Ta 3anueanu napadiHom. icTtonorivHi 3pisu
3aBTOBLUKM 57 MKM 3abapBntoBanu reMaToKCuItiHOM Ta
€03/IHOM, OCHOBHWM KOPWUYHEBWM, NiKPOYKCUHOM 3a
BaH [i3oHoM, Tpuxpomom 3a MacoHom Ta KoMbiHaLjieto
OCHOBHOIO KOPUYHEBOIO Ta MiLJHOTO 3eneHoro 6apBHuKa
[7]. Mikpockonito Ta choTorpadpyBaHHs ricTONOrYHMX npe-
napariB BMKOHaIM 3a JONOMOTOH) CBITIIOBOTO MiKpockona
OLIMPUS BX 41 npw 36inbLueHHsx y 40, 100, 200 i 400
pasis. Nig yac mikpockonii OUiHIOBaNW CTaH i KNITUHHUIA
CKIaj XPOHIYHMX paH, HasiBHICTb i xapaKkTep penapaTtve-
HUX 3MiH. MopdoMeTpito Ta CTaTUCTUYHE ONpaLyOBaHHS
JaHuX BUKOHamM 3a gonomoroto nporpamm Quick PHOTO
MICRO 2.3. BMICT KNiTUHHWUX eNeMeHTIB BU3Ha4anm 3
po3paxyHKy Ha opuHuLo yMoBHOi nnowwi (0,1 mm?) [8].

IMyHoricTOXiMiYHE JOCRIMKEHHS 3AINCHUNN, BUKO-
pUCTaBLUMN MOHOKMOHanbHI aHTuTina komnaHii DAKO:
[0 MPOMDKHUX (DiflaMeHTIB, Me3eHXiManbHUX KMiTWH i
MiocbibpobnacTis — Vimentin (Clone V9), rnagkom’si3oBoro
aktuHy (aSMA, Clone 1A4), TpaHcmemBpaHHoro binka
eHpoTenianbHUX KIiTuH, CTOBOYpPOBUX i eMOpioHanbHMX
dibpobnactis — CD34 (Clone QBENd 10), a Takox cu-
cTemy Bisyanisauji En VisionTMFLEX.

Pesynbrati gocnigkeHHs ouiHIoBanu, BpaxoByoun
po3nogin ekcnpecii BiMeHTUHY, aSMA Ta CD34 B kniTuHax,
IHTEHCMBHICTb peakLii Ta XapakTep B3aeMOgii 3 iHLUMMM
CTPYKTYPHUMM enieMeHTamu. IMyHOrCTOXIMIYHY peakLito
ouiHoBanun B 10 nonsix 3opy npu 200 Ta 400-pa3oBomy
306iNnbLUEHHI. [HTEHCUBHICTb eKCrpecii BU3HaYanu Hanie-
KiNbKICHUM METOAOM Ha OCHOBI BUPA3HOCTI Ta LiMiCHOCTI
3abapBneHHs uuToNnasMu 3a rpafalieto: Hu3bka, no-
MipHa Ta cunbHa. Ak KOHTPOIb BUKOPUCTAN LIMATOUKM
paH, Lo ofepXaHi Bif eKcnepuMeHTanbH1X TBapuH 6e3
KopuryBaneHoi Tepanii. BupasHicTb ekcnpecii BiMEHTU-
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Ta6nuus 1. WinbHicTb po3TallyBaHHS KMITUHHUX €NEMEHTIB Ta IHTEHCUBHICTb
ekcnipecii aSMA, CD34, BiMEHTUHY (3 po3paxyHky Ha 0,1 MM?) nig Yac nikyBaHHs
XPOHIYHMX THIIHO-HEKPOTUYHUX paH Ha 7 00y eKcrnepuMeHTy

KnituHnumn EkcnepumeHTanbHi rpynu
oA MCK-Ir

nan 798,00 + 5,33 689,00 + 4,06* 675,00 +7,78* 349,00 + 17,47*
Mnasamountn 80,00 + 3,33 69,00 + 4,33* 60,00 + 3,33* 56,00 + 2,66
TlimcboumnTn 154,00 + 5,61 94,00 + 4,52* 84,00 + 2,21* 77,00 +2,13*
Makpodbaru 132,00 + 4,42 95,00 + 3,07* 79,00 + 3,14* 55,00 + 4,01*
MacTtouutn 9,00 +0,44 6,10 £ 0,27*A 5,40 £0,37*A 5,50 £ 0,41*"
®ibpobnactn 110,00 + 4,22 149,00 + 5,04* 171,00 + 5,05* 208,00 + 3,88*
aSMA 0,75+ 0,04 0,81+ 0,050 0,79 + 0,027 1,11+0,12*
CD34 0,22 +0,01 0,28 + 0,03 0,29 £ 0,04 0,73+ 0,07*
BiMeHTHH 1,50 £ 0,14 1,610,127 2,04 £0,03* 2,34 £0,07*

NAN: nonimopHosAepHi NneiikounTh; MCK: Me3eHxiManbHi cToBOYPOBI KNiTUHY;
MCK-IT: Me3eHxiManbHi CTOBOYPOB KIiTWHM, KIOHOBaHI B iHEPTHIX rasax; *: p < 0,001 nopiBHsHO
3 koHTponem; *: p < 0,05 NopiBHAHO 3 AekameTOKCUHOM; *: p > 0,05 nopiBHioK4M rpynn

CNOCTEePEexeHHs.

Hy, rmagkom’si30Boro aktuHy Ta CD34 rpagytoBanu Ha
4 kareropii: 0 (-) — HeraTMBHa peakuisi (3abapBneHHs
<5 % kniTuH); 1 (+) — cnabke 3abapeneHHs (NO3NTUBHO
3abapaneHi 10-30 % kniTuH); 2 (++)— NOMIpHO BUpaxeHa
peakuist (GinbLua YacTHa NO3WNTUBHO 3abapBreHUX KIITUH
—31-60 %); 3 (+++) — iHTeHCcBHe 3abapereHHs (>60 %
KniTMH abo Maibke BCi KNiTWHW NO3WUTUBHO 3abapBreHi).
KoediuieHT ekcnpecii (KE) po3paxoByBanu Anst KOXHOMO
crocTepexeHHs 3a cpopmynoto: KE = X (i x v) / 100, ge
i — iHTeHcuBHICTb 3abapeneHHs B Ganax (sig 0 go 3),
v — BigcoTok 3abapeneHux knituH (Big 0 % a0 100 % 3
HamnbinbLL BUpaxeHow peakuieto y 10 monsax 3opy npu
x400) Anst KOXKHOTO 3Ha4eHHs [9].

CTatucTMUHE onpaLoBaHHs MOPHOMETPUYHMX
napameTpiB 34iCHUIM 3a AOMOMOIOK CTaHAAPTHOrO
nporpamHoro nakera Statistica 6.1 dipmu StatSoft
(HOL BHMY imeHi M. I. MNuporosa, niLeH3inHWN
Ne BXXR901E246022FA) Ta Excel. BigmiHHOCTi Mix B~
Gipkamm BU3Havanu 3a fonomoroto t-kputepito CTbroaeH-
Ta, TaKoX 06paxoByBanu cepefHi 3Ha4eHHs 3a KOXHO
03HaKOH0 Ta IXHi CTaHAAPTHI BiaxuneHHs. PiBeHb p < 0,05
BU3HAYMIK SK BIPOriZHUIA Y BCIX TECTaX.

PesyAbTati

Ha 28 poby excnepumeHTy panm y 97,0 % 6invx Lwypis
XapakTepu3yBanucs Knacu4yHMMm mMopgonoriyHumm
03HaKaMu XPOHIYHOTO THINHO-HEKPOTUYHOTO 3ananeHHs:
HasBHICTIO B LIEHTPI YMManoi 30HW ibpnHOIgHOTO He-
Kpo3y 3 [OMillKamu NoniMOPMHOSAEPHUX NENKOLUTIB
(MAN), makpodbaris, niMpouUUTiB, NIA3MATUYHUX KITITUH
i MacTouuTiB. | B LeHTpanbHKX BigAainax (aHi), i Ha kpasix
paHu BaraTolapoBuii NIOCKMUIA 3POrOBINUIA eniTenin
Malxe He BU3HAYMIM Yepes iCTOTHI HEKPOTUYHI 3MiHU
enitenioumTis (puc. 1).

Ha 3 noby ekcnepumenTy (31 0oby cnocTepexeHHs)
BiporigHe 36inbluerHs kinbkocTi MAN y KOHTPOnbHiN
rpyni NiATBEpAXeHO pesynsratamm MOpOMETPUYHOTO
nocnimkeHHs: kinbkicte MAJT ctaHoBuna 967,00 + 5,97
Ha 0,1 MM? NOPIBHSIHO 3 rpynamu, Ae BUKOPUCTOBYBamM
nekametokeyH, MCK i MCK, knoHoBaHi B iHepTHIX razax
(MCK-II")—-837,00 £9,78, 869,00 + 12,68, 845,00 + 12,04
(p < 0,001) BignosiaHo.
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MopdonoriuHi 3miHu apyroi rpynu (i3 3acTocyBaH-
HAM [eKaMeTOKCWHY) Ha TpeTio 400y ekcnepumMeHTy
XapakTepusyBanucs HasiBHICTIO BCiX (ha3 3ananbHoi
BIANOBIAI: anbTepauii, ekcyaauii Ta nponicepadii. Mo-
piBHSAHO 3 nepLuoto rpynoto (967,00 + 5,97) iHTEHCMBHICTb
neviKoLMTapHOI iHINbTpaLli B Lyx LWypis 6yna MeHLLo
(837,00 + 9,78, p < 0,001), ane wap ¢idpuHoigHOTO
HeKpo3y 3anuwaBcst Maixe He3MiHHUM. Y OHi paHu
BUSIBUMY 3MEHLLEHHS HEKPO3Y NONEPeYHONOCMYroBaHOI
Myckynatypu. [Nopsg 3i 3MEHLLIEHHSM KinbKICHOro cknagy
MAN y rpyni MCK Ta, ocobnueo, MCK-I" neiikouutap-
HO-ChiOPMHO3HMIA LWap Y Kinbka pasiB MeHLUMIA MOPIBHAHO
3 KOHTPOMLHOH) IPYMOt0 Ta rpynot AekamMeTokcuHy. Cnig
3a3HauuMTy, WO B rpynax i3 3aCcToCyBaHHAM fekame-
TokcuHy, MCK i MCK-I" Bxe Ha TpeTio goby nikyBaHHs
B AHi Ta Kpasix paH 3acikcyBanum nosiBy By3bKOro nnacta
3 BipOrigHO 30iNbLIEHOK KiNbKICTHO BIMEHTUH-NO3NTUB-
HUX ibpobnacTis (puc. 2), aSMA-NO3UTUBHKX KMITUH i
CD34-no3nTuBHNX €HAOTENIANBHUX KIITUH. Y rpyni KOHT-
POIHO KiNbKICTb LMX KMiTUH cTaHoBWNa: aSMA-N03UTMBHI
knitnHn — 0,68 + 0,02, CD34-no3nTuBHI eHaoTenianbHi
knitHn — 0,09 + 0,01, BiMeHTUH-NO3MTHBHI hibpobnacTm
—1,21£0,11. 3a pesynsratamm MOPOMETPUYHIX JOCTi-
IDKEHDb, Y rpynax i3 3acTocyBaHHSAM AekameTokeuHy, MCK
i MCK-IT" BiporigHo 36inbLuyBanacs kinbkictb aSMA-no3u-
TVBHMX MiodhibpobnacTis (aekametokenH — 0,73 + 0,02;
MCK-0,85+0,03; MCK-II"- 0,93 + 0,03), CD34-no3utme-
HUX eHaoTeniansHUX KnitiH (aekametokeuH — 0,11 £0,01;
MCK - 0,130 + 0,015; MCK-II" — 0,140 % 0,007), me3eH-
XiManbHUX BIMEHTWUH-MO3UTUBHUX KMITUH (4EKaMETOKCUH
-1,28+0,13; MCK—-1,64 £ 0,12; MCK-I' - 1,78 £ 0,11),
ocobrmeo B rpyni 3 MCK-II™ (p < 0,001).

Ha 7 poby ekcnepumeHTy mopconoriyHi 3miHu B
XPOHIYHMX THINHO-HEKPOTUYHUX paHax KOHTPONbHOT
rpynu BiZNoOBi4anu nonepeaHbLO BCTAHOBMEHWUM i3 He-
3HAYHVM 3MEHLLEHHAM TOBLUMHW THIMHO-HEKPOTUYHOIO
Lapy Ta BEMNWKOK KIMbKICTH XaoTUYHO pO3TaLLOBaHWX
¢hibpobnacris, macToumTiB, Makpodaris, NiMMOLMTIB i
nnasmMaTuyHMX KnituH. Lii cnoctepexeHHs nigTBepoKeHi
pesynsraraMmut MOPOMETPUYHOTO Ta iMyHOTICTOXIMIYHOTO
pocnigmkeHb (mabn. 1).

Y rpyni MCK-I" winbHicTb poatatysanHs MAJ1 nopis-
HSIHO 3 KOHTPOMBHOLO rPYMOI0 Ta rPYNoko AeKaMETOKCUHY
(p < 0,001) icToTHO MeHwa (mabs. 1). Kpim Toro, y uin
rpyni (MCK-IT") nopiBHsAHO 3 rpynamu AeKaMeToKCUHy Ta
MCK kinbkicTb nimdpouuTis i Makpodparis (77,00 £ 2,13 Ta
55,00 + 4,01 Bignos.igHo) BiporigHo MeHLwwa (p < 0,05 Ta
p < 0,001 BiaNOBIAHO). 3MEHLLEHHS KiNIbKOCTi MACTOLMTIB
LLIOAO KOHTPOSIO B LieWt TEPMIH AOCHIMKEHHS BiporigHe
(p<0,001) B ycix rpynax i3 KopurysarnbsHot Teparnieto, ane
HEOO0CTOBIpHeE, AKLLO nopiBHIoBaTY rpymn (p > 0,05). 3a aa-
HUMW, LLLO HaBedeHi B mabnuuyj 1, KinbkicTb ¢ibpobnacTis
30inbLUyBanacs B yCix eKCNepUMEHTanbHUX rpynax LLoAo
nokasHukiB koHTponto (p < 0,001), HaiikpaLLi NoKasHUKK
BcTaHosunu y rpyni MCK-IT" (p < 0,001) nopisHsiHO 3
rpynamu aekametokcuHy Ta MCK.

OcobnuBICTb LibOro nepiofy CroCTEPEKEHHS B rpynax
3 kopuryBanbHum nikyBaHHam MCK i MCK-II" — BiporigHe
3MEHLLIEHHS KNITUH MOHOHYKIIEAPHOTO psiZly nonpw 36inb-
LLEHHS1 KiNbKOCTI KIITUH ME3EHXIManbHOIO NOXOMKEHHS
3 aKTMBHUM BackyrnoreHesom. Lie niagTBepaxeHo pesynb-
TaTtamu iMyHoricToximiyHoro aHanisy (mabn. 1), nepea-
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ycim y rpyni MCK-IT, oe ogepxanu BiporigHi noKasHWKu
(p <0,001) NOpIBHSIHO 3 KOHTPOMNEM Ta IHLUMMW FPyNaAMK.
Ane ekcnpecis aSMA ta CD34 y TBapuH, siki OTpuMyBa-
M ans nikyBaHHsa aekameTokcuH i MCK, He BiporigHa
(p > 0,05) Wwopno nokasHuka rpyny 6e3 nikyBaHHs.

Y KOHTPOMbHIW rpyni B LER TEPMIH EKCNEPUMEHTY
B MiKponpenapartax BM3Hayanu BUpaXeHUn Habpsk,
CKynyeHHs nimdoumTiB, NenkouuTis, Makpodaris i B no-
BEPXHEBUX BiaAinax, i B HE3pinin rpaHynsuinHin TKaHWHi.
[Mig yac ricTonoriyHoro AOCHIAKEHHA BUSIBUMKN KMiTUH-
HUN OEeTPUT, OTOYeHW JoBpe BUPaXEHOK MIOreHHO
MeMOpaHOI0, L0 PSICHO iHQINbTPOBaHa nekouuTamMu.
Micns 3abapBreHHs Ha KonareHoBi BONIOKHa cnocTepira-
TN PO3MYLLEHHST BOMOKHUCTUX CTPYKTYP 3 iHGpinbTpaLlieto
HENTPOINbHUMM NENKOLUTaMU, BENUKOK KiMbKICTHO
nimcounTis, Makpodaris (mabsn. 1). 36epiranocs nos-
HOKPOB'S CYAVH i3 PO3LUMPEHHAM, NMOTOBLLEHHAM iXHiX
CTIHOK BHacnigok Habpsiky.

Y rpynax i3 3acTtocyBaHHsAM aekameTtokcuHy, MCK o ) N
i MCK-Ir 7 106 6 Lo . Puc. 1. Kpait xpoHiuHoi paHu Ha 28 foBy ekcnepumeHTy (6e3 nikyBaHHS!) 3 HEKPO3OM eniTeniouuTiB,
I 3 H‘T“ A0By eKCNEepUMEHTY HabpAK | nqepemm ibpMHOILHMM HEKPO3OM i NelikoumMTapHOI iHdinbTpauieto. 3abapBneHHs reMaToKCumiHoM Ta
CYAMH NOPIBHAHO 3 MokasHukamu Ha 3 foby iCTOTHO eoanHom. 36. x100.

3MeHLLeHi. KoarynsauinHnii Hekpo3 y LEHTpi paHu cTaB
OAHOPIAHNM, €031HOMDINBHIM, FOMOTEHHIM, Y Pe3ynbTari
BTPATM PiAUHN 1 YCUXaHHS B HBOMY 3'IBUNMCS LLINWHW,
nogekyau BKpUTI eHaoTenieM. Y 30Hi HEKpPO3y BUSIBUNM
CyOVHMN 3 CETMEHTapHO 3PYVHOBAHUMU CTiHKaMu, armto-
TUHOBaHUMU epuTpoLmUTamMu i Tpombamm 3 03HaKamm
noYaTKoBOI opranisaLii. Mo nepudepii HekpoT13oBaHNX
ZiNSHOK BU3HAYMIM YnMarny KinbkicTb Makpoddaris, LLO
MaKTb BUIMS, «3EPHUCTUX KyTb», Y 30Hi pe3opbuii Bor-
HULL, KPOBOBMIMBIB — 6e3niv cuaepodaris i HOBOYTBOpE-
HUX CYZUH MIKPOLWPKYMSITOPHOIO pycra.

Ha 14 poby ekcnepumeHTy nig Yac ricTonoriyHoro :
aHanisy LUKipy B 30Hi XPOHIYHOI paHW BCTaHOBWUMM: Y e i
nepLui JOCRiAHINA rpyni 36epiranucst OBHOTUMHI 03HaKM "_,' '._. "4
3aroCTPEHHS XPOHIYHOrO 3ananeHHs, iK-0T iHINbTpaLis )5' ’;‘
HEeNTPOMINbHUMK rpaHynounTamMm Ta Hekpos. KnituH- * -g

':lf &

HUIN CKNaf 3a3HaB iICTOTHMX 3MiH. Tak, CyTTeBO 3pocna
KinbKicTb ¢pibpobnacTis, WO 3aMiHUMM MakpodararbHi
enemeHTu. LLUiNbHICTb po3TallyBaHHA KNITUHHUX ene- Puc. 2. MnacTi BIMEHTUH-NO3UTMBHUX (pibpobnacTie y AHI XPOHIYHOI paHn Ha 3 Aoby nikyBaHHs
MEHTIB ans MSAN craHoBuna 518,00 + 6,46, nnasmo- MCK-II" (31 go6a cnoctepexenHs). IFX: Vimentin (Clone V9). 36. x200.
unTiB — 125,00 + 3,07, nimcpouuTia — 168,00 + 5,12,
makpodparis — 104,00 + 4,00, mactouuTie — 7,10 £ 0,37,
¢hibpobnactis 109,00 + 3,48 y noni 30py; Le BiporigHO
meHLue (p < 0,001), HiX y rpynax i3 kopurysansHo Te-
panieto (mabn. 2). MNokasHWK LLiNbHOCTI PO3TaLLyBaHHs
MAN (p < 0,001), nnasmouwris (p < 0,05) i Makpodaris
(p < 0,05) kpavui y TBapuH, siki otpumysann MCK i MCK-
I NOpiBHAHO 3 rpynot AeKaMeTOKCUHY; LWoAo nimdo-
LMTIB, TO HaMGIiNbL BipOriAHi NOKA3HWKU BCTAHOBNEHI
y rpyni MCK-IT. EkcnepumeHTanbHi rpynu B NOpsiaky
3pOCTaHHS iHTEHCUBHOCTI hibpobnacTuyHoi peakuii:
MCK-II" > MCK > gekameTokcuH (mabs. 2).

Y rpynax MCK-IT" i MCK Ha 14 poby y 80 % Ta
70 % nigpocnigHWMX TBApUH CriocTepirany Maxe noBHe
OYMLLEHHS paH Bif MHINHO-HEKPOTUYHOMO AETpUTy Ta
¢hopMyBaHHs Crony4YHOTKaHUHHOTO pybus 3 eniTenisa-
uieto (puc. 3). AHanoriyHi 3MiHV B Liei TEpMiH BUSIBAIN Y

KOHTpOnbHif rpyni Tinbku B 10,0 % wwypis, y rpyni aexa-
Puc. 3. CchopmoBaHa cnonyyHa TkaHuHa (CMHBOTO KOMbopy) 3 eniTenisallielo Ha MicLi XpOHIYHOT

— [v)
MeTOK.CI/IHy B 60,0 /<.>. paHy Ha 14 106y nikysaHHs MCK-IT (42 jo6a criocTepexeHHs). 3abapBneHHsi — TPUXPOM 3a
Micnst nikyBaHHS i3 3aCTOCYBAHHAM 1€KAMETOKCUHY MacoHom. 36. x200.

Ta MCK-I" cnocTepiranu 3atnxaHHa AUCTPOMIYHNX i Ae-

-
"]
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Tabnuus 2. LWinbHicTb po3TallyBaHHS KMITUHHUX €NEMEHTIB Ta IHTEHCUBHICTb
ekcnipecii aSMA, CD34, BiMEHTUHY (3 po3paxyHky Ha 0,1 MM?) nig Yac nikyBaHHs
XPOHIYHMX THIIHO-HEKPOTUYHUX paH Ha 14 [oBy excrnepuMeHTy

KnituHnumn EkcnepumeHTanbHi rpynu
een Kosrpon MCK-Ir

nan 518,00 + 6,46 368,00 + 13,64 339,00 + 9,59* 225,00 + 6,54*
Mnasamountn 125,00 + 3,07 98,00 + 3,59" 89,00 + 4,06* 78,00 + 2,90*
TlimcboumnTn 168,00 + 5,12 118,00 + 4,16* 95,00 + 3,72* 88,00 + 2,90*
Makpodbaru 104,00 + 4,00 85,00 + 2,68* 80,00 + 3,65 52,00 + 2,00*
MacTtouutn 7,10+0,37 4,10 £0,37* 4,00 £0,33* 3,80 £ 0,48*
®dibpobnactu 109,00 + 3,48 157,00 + 4,22* 219,00 + 6,40* 346,00 £ 7,18*
aSMA 0,76 £ 0,02 0,84 +0,05* 0,86 +0,03* 0,98 +0,09*
CD34 0,27 +0,03 0,33 +0,05" 0,38 £ 0,05* 0,66 + 0,06**
BiMeHTHH 1,41+0,11 1,55 +0,12* 1,87 £ 0,02* 1,92 + 0,05

NAN: nonimopHosAepHi NneiikounTh; MCK: Me3eHxiManbHi cToBOYPOBI KNiTUHY;

MCK-IT: Me3eHxiManbHi CTOBOYPOB KIiTWHM, KIOHOBaHI B iHEPTHIX rasax; *: p < 0,001 nopiBHsHO
3 koHTponem; *: p < 0,05 nopiBHAHO 3 fekameTokcuHOM; *: p > 0,05 nopisHIOYM rpynn
CrIOCTEPEXKEHHS.

Ta6nuus 3. LWinbHicTb po3TallyBaHHS KMITUHHUX €NEMEHTIB Ta IHTEHCUBHICTb

ekcnipecii aSMA, CD34, BiMEHTUHY (3 po3paxyHky Ha 0,1 MM?) nig Yac nikyBaHHs
XPOHIYHMX THIHO-HEKPOTUYHUX paH Ha 30 foBy ekcnepuMeHTy

KnituHnumn EkcnepumeHTanbHi rpynu
een Korrpon MCK-Ir

nAn 389,00+ 14,56 187,00 £ 14,53 136,00 £ 10,56* 81,00 £ 4,58*
Mnasmounti 120,00 + 3,94 94,00 + 2,66* 86,00 + 3,05* 63,00 + 2,60*
Jlimcboumntn 152,00 + 3,26 108,00 + 4,16* 87,00 £2,13* 53,00 £ 3,00*
Makpodaru 107,00 + 3,66 67,00 + 2,60* 63,00 + 4,22* 34,00 + 2,66*
MacTouunTn 5,80+0,33 3,30 + 0,49* 3,70 £ 0,50% 1,90 +0,37*
®ibpobnactu 140,00 + 4,21 182,00 + 9,40* 262,00 + 6,96* 288,00 + 4,89*
aSMA 0,61+0,05 0,76 £ 0,02* 0,78 +0,06* 0,91 +£0,03"
CD34 0,23 0,01 0,41 £0,06% 0,37 £ 0,05* 0,40 + 0,05*
BiMeHTUH 1,36 £0,10 1,51+0,11" 1,79 £ 0,07% 1,85 +0,09**

NAN: nonimopcHosAepHi NeiikoumTh; MCK: Me3eHxiManbHi cToBOYPOBI KNiTUHY;

MCK-IT: Me3eHxiManbHi CTOBOYPOB KIiTWHM, KIOHOBaHI B iHEPTHIX rasax; *: p < 0,001 nopiBHsHO
3 koHTponeM; *: p < 0,05 NopiBHAHO 3 AekameToKCHOM; *: p > 0,05 nopiBHIO4M rpynn
CrIOCTEPEKEHHS.

reHepaTUBHUX 3MiH KOnareHOBMX BOMOKOH. Arne B rpyni
MCK-IT"y Leti TepMiH CriocTEPEXEHHS BU3HAYMNM Biporif-
He 3MEHLUEHHS OUCTPOGIYHMX 3MiH Y rNadKkux MioumTax
i 30iNbLUEHHS KIMbKOCTI rMagkom a30BUX enemeHTis. Lle
niATBEPIKEHO pesynsTaTamm iMyHOrCTOXIMIMHOTO AocHi-
[DKEHHS! 3 BUKopucTaHHaM SMA (mab6n. 2).

Y Len TEPMiH CMOCTEPEXEHHS MapKepu eKcnpecii
miohibpobnacTis, eHgoTenianbHUX i Me3eHXiManbHNX
KniTnH gocTosipHo Buwi B rpynax MCK i MCK-IT" no-
piBHSHO 3 koHTponem (p < 0,001), kpim CD34 y rpyni
[LleKaMETOKCUHY, NOCUIEHHS 3abapBreHHs sikoro He 6yno
BiporigHUM. HanBuLLi iMyHOTICTOXIMi4Hi MOKa3HUKK BCTa-
HOBUIM B EKCMEPUMEHTAITbHUX TBapWH, SKi OTPUMYBam
nikyBaHHs MCK-IT"

Ha 30 noby excnepumeHTy (58 o6y cnocTepexeHHs)
B rpyni koHTponio y 70 % Lypie eniTenii, o HapocTas
Ha Kpato XPOHIYHOT paHu, HEPIAKO HEKPOTM3yBaBCs Ta OyB
NPOHM3aHUI nekouuTamu. OgHak enitenianbHi BUPoCTy
B rpaHynsAuinHIn TKaHWHI, iHOAI posoni runboki, 3bepi-
ranucst Ta Mormu ByTu JxepenoM HOBOro, MOBTOPHOTO
POCTY eniTenito Ha NOBepXHi paHu. B paHax aeskux Lwypis
KOHTPOSIbHOI rpynu B AinsiHKaX, Lo 6rvpkdi 4O iHTaKTHOT
TKaHWHW HABKOMO CYAWH MIKPOLMPKYMSATOPHOMO pycna,
nepeaycim y 4epmi HaBKOMNO CyAWH, BUSBNAMM AerpaHy-
TIOKOMi MACTOLMTI, PO3TaLLOBaHi NOOAVHOKO abo ManumMu
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rpynamu. Lle maitxe He cnocTepiranu abo ix BUSIBNSIN
B HE3HaYHIN KifbKOCTi Y rpynax i3 kopurysanbHUM Riky-
BaHHAM (mabr. 3).

Omxe, Ha 30 goby ekcnepumenty y 70 % niggo-
cnigHWX TBapuH y rpyni KOHTpon He BigbyBanacs
eniTenisauis paHu, 3aMillleHHs rpaHynaLiiHOI TKaHUHK
Ha hibposHy. Lle cBigumnno npo nporpecyBaHHs THIHOTO
3ananeHHs Ta NponoHraLito NepLUoi dhasm 3aroeHHs paH.
Y [Hi Ta Ha Kpasix XPOHIYHOI paHu LLypiB KOHTPOMLHOI
rpyny BUSIBUINM MOIOAY CMOMYYHY TKaHUHY, Lo MicTUna
YMCneHHi KNITWHHI enemeHTW: Makpodaru, ibpobnacty,
NiMO- Ta Na3MoLMT, HEBENWKY KifIbKiCTb HENTPOQiNb-
HUX rpaHynouuTiB. [lesiki 3 KPOBOHOCHUX CYAMH, WO TYT
BUSIBNSANW, PO3LLMPEHI. Y BEHyMax HepigKo crnocTepiranm
SBMLLA CTa3y. Y CroMyyYHii TKaHWHi B Lieil TepMiH BU3Ha-
YWIN HEBENUKY KiNbKIiCTb HENTPOMINBHUX rPaHyNoLMTIB.
IMopiBHSAHO 3 eKCiepUMEHTaNbHUMY Fpynamm TBApWH, L0
OTPUMYBanu MEOMKAMEHTO3HY KOPEKLito, TyT CyTTEBO
36inbLLUeHa KinbkicTb Makpodaris, ibpobnacTis, Macto-
umTiB (mabn. 3). Y cknagi iHpinbTpaTy 3 po3paxyHky Ha
0,1 mm? BusiBnsinm MAN — 389,00 £ 14,56, nnasmoumntn
—120,00 % 3,94, nimcboumntn — 152,00 + 3,26, makpodha-
v — 107,00 £ 3,66, mactountn — 5,80 + 0,33. KinbkicTb
¢hibpobnacTiB Takox BipOrigHO BiApPi3HANacs B YCiX rpynax
BiZl KOHTPOIIO, arne y Lypis, B skux 3actocyBanm MCK i
MCK-IT, hibpobnactnyHa peakuis iHTEHCUBHILLA NOpiB-
HSIHO 3 rpynoto AekameTokeuHy (p < 0,001).

3a gaHumu, Wwo HaBeaeHi B mabnuyi 3, B KOHTPOIbHIl
rpyni kinbkictb MAJT yagivi GinbLua, HiX y pasi 3acTocy-
BaHHs AekameTokcuHy Ta MCK, yuetBepo binblua, Hix y
rpyni 3 BukopucTanHsm MCK-IT. Ha Hawwy aymky, Lie moxe
BMNNMBATMW Ha Nepebir i BUpaXeHiCTb NpoLIecy penapaTue-
HOI pereHepaLii, SKUI KifbKiCHO NPAMO NPONOPLiHNIA
iHTEHCMBHOCTI 3ananeHHs. B KOHTPOMbHIN rpyni y AHi
XPOHIYHOI paHM YacTo BUSBMSANM NiMounTn Ta nnas-
moumTw. MNopiBHIOKYM MOPGIONOTiYHI 3MiHN B XPOHIYHNX
paHax nepLuoi Ta TPETbOI rpyn, 3a3Ha4YMMO: Y TPETI rpyni
rpaHynsLiiHa TkaHMHa MICTUTb HEYUCIIEHHI Makpodary,
niMcbOLMTH, NNa3MOLMTH, MacTOLMTH, @ TaKOX HOBOYTBO-
peHi kaninsapu. Y TpeTil ekcnepuMeHTanbHin rpyni B Kpasix
XPOHIYHOI paHu, SK i B NepLUii rpyni, BUHAYMIN NEBHY
HEPIBHOMIPHICTb ANhEPEHLitOBaHHS CMOMYYHOTKAHUHHIX
enemMeHTiB. BusiBunm AinsiHkw, WO MiCTSTb JOBOMI BENMKY
KinbkicTb chibpobnacTie, MacTouuTiB, Makpodaris i nim-
choumTiB; iHLLI AinsHKM — B CTaHi ibpoay. Y Takux 30Hax
HasiBHi TOBCTi KONareHoBi My4ku Ta HEYUCIIEHHI KPOBOHO-
CHi cyouHu. YacTo cepen ibpo3HOi TkaHUHN BUSIBNSANM
ApibHi ocepeakosi ckynyeHHs nimcpouyTis. Pibpobnactn
30e6inbLLIoro xapakTepuayBanucs nigsuLLeHo 6a3odi-
nieto UMTONNasMu, HasiBHICTIO BENWKUX sAep | saepeLb.

Ha BigmiHy Big nepLuoi rpynu, y rpynax TBapyH i3 BU-
kopucTtaHHsam gekametokcuHy, MCK i MCK-II" sananbHoi
KNITUHHOI peakuii Maixe He 6yno, Lo NiATBEPAXKEHO Kirb-
KICHUM aHani3oM KMiTUHHWUX ENeMEHTIB Y 30Hi XPOHIYHOT
paHv (mabr. 3). MopiBHIOKYM aKTUBHICTL GhibpunoreHesy,
BusBunm: y rpyni 3 MCK-II" hibpobnacTtnyHa peakuisi cta-
6inisyBanacsi Ha 30 1oby (288,00 + 4,89, p <0,001) nopis-
HSHO 3 monepeaHiMu TepMiHamm (mabn. 3). Y KOHTPOMbHIN
rpyni cnocTepiranu 3aTpuMKy LO3piBaHHS COMyYHOI TKa-
HVHW, NPO LLO CBIAYNIN 3aMNULLIKW IPaHYNALIMHOT TKAHWHW
B AiNsHLi paHu. Ha BigMiHy Bif KOHTPOMNbLHOI rpynu, B pasi
3actocyBaHHs gekameTokcuHy, MCK i MCK-II" rpanyns-
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LiNHY TKaHWHY B Liel TepMiH CMIOCTEPEKEHHS Malbke He
BUSBNANY. Lie CBigYMTb NPO paHiLLi CTPOKM BiAHOBMNEHHS
Ta cTabinisaLito paHoBOro NpoLecy.

Pesynbratu imyHoricToxiMmiyHoro aHanisy (mabn. 3)
niaTBepannmn AaHi MoponoriYyHoro JOCHIMKEHHS, a
TaKoX BUSIBUNK BiporigHe nepesBaxaHHa aSMA- Ta
CD34-n0o3nTUBHMX KNiTUH y rpynax AeKameTOKCUHY,
MCK i MCK-II" (p < 0,05 p < 0,001 BignosigHo). Monpu
HeOoCTOBIpHE 36iNbLUEHHS BIMEHTUH-NO3UTUBHUX KIITUH
y rpyni aekameTokeuHy (p < 0,05), BU3Haumnu: y TBapuH,
Akum yBoamnu MCK-IT, oTprmanu Haikpalwi pesynsraty.

OTxe, B Ni3HiLLi TEPMiIHW 3arOEHHS paH (MoYMHaKYu
3 1 micaus i gani) y rpaHynsAuiiHin TkaHuHi BinbyBanucs
TaKi 3MiHW: LWap BEPTUKaNbHUX CyAMH MOCTYNOBO CTO-
HLLYBABCS, KiMbKICTb aMOPHOi MPOMIKHOI PEYOBUHU
B HbOMY 3MeEHLLyBanacs, BogHo4ac 3binbluyBanacs
KinbkicTb gribpobrnacTis He Tinbku HABKOMO CYAWH, ane 1
Yy MPOMBDKKaX MK HUMW.

06roBopeHHA

PesynbraTi Haloro AOCRiMKeHHs 3iCTaBHi 3 AaHUMU
(haxoBoi niTepaTypu NPo eTamnHICTb 3MiH KNMITUH-YYaCHKIB
3ananbHoro npouecy [10,11]. Y dasi 3ananeHHs cnoyar-
Ky nepeBaxatoTb CyOMHHI peakLii, Lo XapakTepusytoTb
MEexaHi3M 3ananeHHsl, a noTiM BiabyBaAETLCS OUMLLEHHS
paHy Big MepTBuMX TkaHuH. [pyra chasa nos’s3aHa 3 yTeo-
PEHHAIM TPaHYMALINHOI TkaHWHW. PeopraHisauis py6ous
1 eniTenisauis — OCHOBHi KOMMOHEHTW (hiHaNbHOI CTagji
paHoBoro npotecy [12].

Y pesynbraTi Halwoi ekcnepuMeHTansHoi poboTm
BCTaHOBWINM BifMiHHOCTi AVHAMIKM TKaHUHHOI peakuji nig
Yac 3aroeHHs! XPOHIYHMX MHIMHO-HEKPOTUYHKX paH. Tak,
y BCiX rpynax JOCMiHKEHHS 3 KOPUTyBanbHO Tepanieto,
BUKopucTOBYyto4M aekameTokeH, MCK i MCK-IT, Ha 3
06y ekCriepuMeHTY CroCTEPEXEHHS BUSIBUNW BIporigHe
3MEHLUEHHS 3ananbHOi KNITUHHOI iHGinbTpauii. Tpeba
MigKPecnuTK, WO B rpyni AeKaMeTOKCUHY KinbkicTb MAN
HarmeHLwwa (837,00 £ 9,78) nopisHsHO 3 MCK i MCK-IT" Y
rpynax i3 3aactocyBaHHsM fekametokemHy, MCK i MCK-IT
BXe Ha 3 o0y nikyBaHHS HaBKOMO KpaiB paH i B il AHi
peecTpyBanu nosisy ManoamepeHLinoBaHnX KiTuH,
KiNbKiCTb SIKWX ICTOTHO BiZPi3HANACA Bif rpynu KOHTPOSTHO.
Lle niaTBepmxeHo pesynsratamm iMyHOrCTOXiMIYHOMO
gocnimpkeHHs. Tak, y rpynax i3 3acTocyBaHHSAM Jeka-
meTokenHy, MCK i MCK-II" gocToBipHo 36inbluyBanacs
KinbkicTb MiodpibpobnacTis, Lo no3uTneHO 3abapsniosa-
nucs aSMA, eHpoTenianbHUX KNiTWH, Ski ekcnpecysanit
CD34, i meseHxiManbHUX KNiTUH (BIMEHTUH-MO3UTUBHUX
¢ibpobnacris), ocobnmneo B rpyni 3 MCK-II™ (p < 0,001).

Bigomo, Lo ocHoBHa (hyHKLiSi Makpodbaris NoB’si3aHa
3 pe3opOLieto 3a AONOMOro NPOAYKOBaHKUX HUMK Ghep-
MEHTIB i NOMNMHAHHAM YyXXOPIgHUX CTPYKTYP [2]. Makpo-
¢haru nepeBoasTH 3ananbHy peakuito B pibpobnacTuyHy
cTagito, akTmBytloum nponicpepadito ibpobnacTis, LWo
CUHTE3yI0Tb NO3aKNiTMHHWIA MaTPUKC, 30Kpema kona-
reH. Y KOHTPOrbHin rpyni BiabyBanocs ranbMyBaHHs
hibpobnacTnyHoi peakuii BHacnigok nponoHrauii Ta
3aroCTPEHHs! XPOHIYHOTO 3anasnieHHs Ha BigMiHy Big rpyn
nekametokenny, MCK i MCK-IT, ge possuTok chibpobnac-
TWYHOI CTapii paHOBOro Mpouecy crocrtepirany B Ginb-
LIOCTi TBAPUH. 3MEHLLEHHS Came THIMHOrO KOMMOHEHTa

Matonorisi. Tom 19, Ne 1(54), ciueHb — kBiTeHb 2022 p.

OpwuriHaAbHI AOCAIAKEHHSA

BXe Ha 3 000y cnoctepexeHHs BinbLL BupaxeHe B pasi
3aCTOCYBaHHS JEKaMETOKCUHY.

BuseneHe Ha 7 noOy BiporiaHe 36inbLUEHHS KiMb-
kocTi chibpobnacris (208,00 + 3,88) nicns nikyBaHHs
MCK-II" cBigunTb, L0 came 1oro BBeeHHs 3abeaneyye
LUBUALLMA Nepexia Ha ibpobrnacTuyHy cTagito paHoBOro
3anasneHHs. B KOHTPOrbHil rpyni BCTaHOBWIK: Ha 7 foby
eKCnepuUMEHTY KiNnbKiCTb HenTpodinis yagidi (p < 0,05)
6inbLa, Hix y rpynax aekametokcuHy, MCK i MCK-IT.
Kinbkictb ¢hibpobnacTie nomiTHO Ginblua nig Yac 3acTo-
cyeaHHa MCK-II" (208,00 + 3,80). Ha paHHix cTpokax
cnocTepexeHHs (3—7 poba) ibpobnacTuyHa peakuis
BiporigHo (p < 0,05) aktuBHiwa B rpynax MCK i MCK-IT".

OpnHa 3 BaXIMBMX 03HaK BiGHOBNEHHS (PYHKLi opraHa
— (hOpPMYBaHHSI CyZAVMHHOIO pycna B MOLLKOMKEHUX TKaHW-
Hax, TOMY LWBWAKICTb CyAMHOYTBOPEHHS B IPaHYMALINHINA
TKaHUHI € OHUM i3 KPUTEPIiB OLHIOBAHHS MO3UTUBHUX
BaCTVUBOCTEN 3acTocoBaHoro npenapary [13]. Ak Bigomo
[14,15], BackynoreHe3 NoB’A3aHWI i3 NPOreHITOPHUMM EH-
LoTeniansbHUMY KNiTMHaMu, L0 € NonepeaHUKammn eHaoTe-
nianbHUX KMiTWH | BOBpPe iReHTUIKYITLCS 3a JONOMOTOH0
mapkepa CD34 sk NoOAVHOKi KMITUHW, HEBENVIKI CKYMYEHHS
Ta NMaHUIoXKK. Y rpynax kopurysanbHOiI Tepanii 3 BUKO-
pucTtaHHsm aekametokemHy, MCK i MCK-IT" Ham Bganocs
BVSIBUTU NMO3UTUBHY AWHAMIKY YTBOPEHHS CyAMH i3 npore-
HITOPHVX eHaoTenioLnTIB (BackyrnoreHes) Big nponidepadii
LX KITITWH [10 YTBOPEHHS CEPES HIX HEBEMMKIX MPOCTOPIB,
LU0, MOAOBXYHOUMCh, (HOPMyBarN Mepexy ManbyTHIX Cy-
AvH. EHpgoTenioumtn 3 MeMOpaHHO-LMTOMNA3MaTUYHM
3abapsneHHsam CD34 3 yTBOPEHHSIM CyauH KaninsipHOro
Tvny fo6pe BidyanidyBanmcs B CTPOManbHOMY KOMMOHEHTI
[iHa paHu, [e BUSIBMANM XaoTU4HO PO3TaLLOBaHi CyauHN
ApibHOro kanibpy 3 iICTOTHUM NpeBantoBaHHAM Kaninspis.
BcraHoBwnu BiporigHi AaHi Wwopo nepesaxarHs CD34-no-
3UTUBHMX KNiTWUH y rpyni 3 MCK-II™ (0,73 £ 0,07, p <0,001)
AK MOPIBHATW 3 KOHTPONbLHOW rpynoto. Lle Bignosinae
pesynbratam iHWWx gocnigHukis [14,15].

3a pannmu HaykoBoi nitepatypw [16], dopmyBaHHs
eniTenito Ha NOBEPXHi paHK NOYMHAETLCA e B NepLuii
cTagii 3aroeHHs1. Y HaLLoMy AOCAIMKEHHI, Cif 3a3HauNT,
BOHO [yXXe MNOBINbHO BigbyBanocs B KOHTPOMbHIN rpyni.
MiHnuBwniA 6anaHc Mk CUHTE30M KomareHy Ta 1oro pyii-
HYBaHHAM NEXUTb B OCHOBI MEXaHi3My 3aro€HHs paHu
[16,17]. Y dasi pemogentoBaHHs po3naj KonareHy Hapo-
CTa€, a CUHTE3 3HWXKYETHCS, LU0 NMIATBEPIKEHO HALLMMM
[aHnmu B pasi 3actocyBaHHs MCK-IT" Ta pesynsratamu
iHWKX aBTopiB [18].

CwvHTe3ytoumn KonareH, enacTuH, rnikonpoTeiln Ta
npoteornikaHu, ibpobnactu 3abe3nedvyoTb onop-
HO-MEeXaHiuHy (YHKLiO LLKIpW, NPOAYKYIOUN CUrHATbHI
MOMEKyn#, L0 BMIMBAKTb Ha NMPOHWKHICTb CYAUHHMX
CTiHOK i MeTaboniam, 3aiiCHITb TPOdiYHY YHKLi0
[19]. Y Hawomy JOCMIMKEHHI MIKPOCKOMIYHE BUBYEHHS
LiNSHOK XPOHIYHOI THINHO-HEKPOTUYHOI paHu Ha 14 noby
nokKa3ano WBMALY AUHAMIKYy OYWLLEHHS Bi THIMHOMo
npouecy B pasi 3actocyBaHHss MCK. ®ibpobnactuyHa
peakuisi B pasi BUKOPUCTaHHSA AekameTokcuHy Ta MCK
y NpOLECi 3aroeHHs paHu JOBOMi BUpaXeHa, ane ans
[LleKaMETOKCUHY BUSIBUNM TEHAEHLiI 0 popMyBaHHS
rpy6iLLoro cnomyyYHoTkaHMHHOTO py6us. 3aaTtHicTe MCK
CTUMyIoBaTV Nponicepalito hibpobnacTie HeogHoOpaso-
BO MiATBEpAKEHA eKcrnepuMeHTansHo [11,15].
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MakpodpararnHo-hibpobnacTiyHa B3aemogis npr3so-
OWTb 40 MirpaLii Ta npuckopeHoi nponidhepadii hibpobnac-
TiB, X AnMepeHLIitoBaHHS, CUHTE3Y, cekpeLii konareHy Ta
iHLUMX KOMMOHEHTIB MaTpyKCy, akTUBHOTO (hibpuroreHesy.
B Hawomy gocnimpxkeHHi crnocTepiran cTuMynsuito ge-
kamertokcuHom, MCK i MCK-II™ aktueHocTi chibpobnacris
i CYAMHOYTBOPEHHS B MOMOAiMA CronyyHi TkaHuHi. Le
MOninLLYBano OKCUreHaLlito paHu, CpUsino NPUCKOPEHHIO
[103piBaHHS CMOMYYHOI TKAHWHU 3 HACTYMHUM PEMOAENIO-
BaHHAM Ta enitenidauietd XPOHIYHMX HIMHO-HEKPOTUYHUX
paH. Y KOHTPOIbBHIN rpyni crocTepirani 3aTpumMKy 3anarb-
HOI peakLji Ha MOHOLMTapHO-MaKpodaranbHil cTagii; ue
He TiNnbku 36inbLUyBano Hebesneky rHilHUX YCKNaaHeHb,
are 1 nepeLLKopkano 3aBepLUEHHI0 (hibpo3yBaHHS, a oTxe
BiZJHOBMEHHIO MILIHOCTi paHOBOTO pyobLisi.

MopdomeTpuyHi gocnipxeHHs nokasanu: Ha 30
noby exkcnepumeHTy (58 foba CnocTepexeHHs) KinbKicTb
HENTPOMINbHNX NENKOLMTIB, M1a3MOLUTIB, MiMGOLMTIB i
Makpodaris y rpyni KOHTPOMIO NePEBHLLYBana BignoBigHi
MoKa3sHWKY 3anasbHol BiAnoBigi B rpynax AeKaMeTOKCUHY,
MCK i MCK-II. AHanoriyHa TKaHWHHa peakList xapakTepHa
1 ANst JerpaHyriolymx MacToLuTiB, Lo GepyTb y4acTb
y BUKuAI MediaTopiB 3ananeHHs. Lle ceigumno npo npo-
rpecyBaHHs XPOHIYHOrO npouecy B paHi. B nisHi cragii
3aroEHHS paH Y rpaHynALiiHin TKaHWHI opMyeTbCa J0-
CUTb NpaBWIibHE PO3TaLLlyBaHHS BOMTOKHUCTUX CTPYKTYP,
BEPTUKamNbHWX | FOPU3OHTaNbHIX, NEPECIYEHNX Y B3AEMHO
nepneHanKyNspHUX HanpsiMKax.

OcobnvBe 3HaYeHHs Mig Yac 3aroeHHs paHu (CTs-
ryBaHHs1), 6e3CYyMHIBHO, HaNeXuTb Kpalle pPO3BUHYTUM
rmMboKUM Luapam ropusoHTanbHux gibpobnacTis i
hibpo3Hux BonokoH. Came Li enemMeHTu 3MiHIOKTb
rpaHynAuiNHy TKaHWHY, WO 3HWKAE, i B Ni3Hi TEPMiHU
3aroEHHS 3aMOBHIOKTb i CTATYIOTb PAHOBUIN OedekKT.
BaxxrnuBe 3Ha4eHHs FropU30HTabHUX CTPYKTYP, iXHIO porb
Y 3aroeHHi paHu BU3HaIOTb i iHLWi gocnigHukm [2,13,20]. Y
[OCTIIKEHNX HaMW XPOHIYHUX paHaxX KOHTPOILHOI FpynK,
HEe3BaXatoun Ha TpuBani TEPMiHW NiCNsS MOAEMOBaHHS
XPOHIYHOI FHINHO-HEKPOTWYHOI paHy (80 2 MicauiB i Ginb-
LLle), He crocTepirany NOBHOMO 3aKpUTTS 1 eniTenisawii,
HEe3BaXxatoum Ha npornidepadito ibpo3HMX BOMTOKOH.

Omxe, NnaToMopdONoriyHi AOCHIAKEHHS CBigYaTh:
BUKopucTaHHs gekametokenHy, MCK i MCK-II nig yac
NiKyBaHHs paH NpPWU3BOAWTb A0 LUBWAKOTO MPUTHIYEHHS
THINHOTO 3ananeHHs, MPYCKOPIOE MPoLIeCH penapaTue-
HOi pereHepauji. Y pasi 3actocyBanHs MCK i MCK-II
LBMALLE BinbyBaeTLCS PEMOLENOBAHHS rpaHyMALiAHOT
TKaHUHK, a MiodpibpobnacTy, ki B HALLOMY AOCTIIKEHHi
NO3UTUBHO MapkyBanucst aSMA, € KI4OBOH TaHKOK B
CTArYBaHHI paHu: BOHW He TiNbKX MiATPUMYIOTb FOMEo-
CTa3 MKKMITMHHOrO MaTpuKCy AepmMu, 3abesnedyoum
0ro pPeMOofeNtoBaHHS Ta OHOBIEHHS, ane i BigirpatoTb
BaXIMBY POIb Y NiATPMMLI (Di3i0NOrYHOro CTaHy iHLLINX
LapiB Wwkipy. MpuckopeHHs po3suTky dibpobnacTuyHoi
cragii npv BBegeHHi MCK i MCK-I" y paHy mMae Baxnvse
3HAYEHHS 4NS PaHiloro BiJHOBIIEHHS CTPYKTYpu Ta
(hYHKLIN YLIKOMKEHNX TKAHWH, @ TaKOX Ans 3anobiraHHs
Mi3HIM PaHOBUM YCKNafHEHHSIM, OCKINbKA HECMPOMOX-
HiCTb pereHepaLlii 4v ¢ibpo3y NponoHrye 3ananeHHs abo
3yMOBITOE 1010 XpOHiYHMI nepebir. 3actocyBaHHa MCKi
MCK-IT" nig Yac nikyBaHHS XPOHI4HIX paH CPUSIE MPUCKO-
PeHil eniTeniaauii: 3a HAaLWUMM AaHUMK, BOHA NOYMHaNacs
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Bxe Ha 3 foby Ta Byna focuTb iHTEHCUBHOLO Ha 7 JO6Y.
Lle 3ymoBneHo cuHTe3om MCK pisHnx ¢hakTopis pocTy,
O CTUMYMIOOTL Nposidepalito i Me3eHxiManbHoro, 1
enitenianbHOro AUepoHy LUKIpK.

BucHoOBKHM

1. Pesynbratyt OCNIMKEHHS OOBENW NO3UTUBHUM
edpekT nif Yac nikyBaHHA eKCrnepuMEeHTarnbHUX paH i
BUCcoKy edpektusHicTe MCK i MCK-IT, wo nigTBepmkeHo
[AMHaMIKOI MOPCOMNOTiYHUX 3MiH Y XPOHIYHIl paHi. B pasi
3aCTOCYBaHHSI 1EKAMETOKCUHY BCTAHOBWUIN MO3UTUBHY
AVHaMiky MOPOMOriYHNX MOKa3HWKIB 3aroEHHs paH
Ha 3-7 poby penapatvsHoro npouecy, a MCK i MCK-II
eheKTMBHI Ha BCiX eTanax AOCHiIKEHHS.

2. MeseHximanbHi cToBOypoBi knituHn Ta MCK-II
MPUCKOPOBAN¥ NMPOLIECH 3arOEHHS EKCNEPUMEHTANBHIX
XPOHIYHUX THIMHO-HEKPOTUYHMX paH Bxe nicns 3 gobu
nikyBaHHsa (31 poba cnoctepexeHHs). B uen Tepmi
BiZOyBanocs LWBMALLE O4ULLEHHSI MOBEPXHI paHy Bif rHilt-
HO-HEKPOTUYHUX TKaHWH, MPUCKOPEHHS (DOPMYBaHHS rpa-
HYNSUINHOT TKaHWHK. Ha 7 0oy nikyBaHHs! nig BNIMBOM
MCK i MCK-IT" cnoctepiranu wsuawe ¢opMmyBaHHs Ta
[,03piBaHHA rPaHYNALINHOT TKAHWHW, 3MEHLLEHHS MITOLLi
paHu, NPUCKOPEHHS MPOLECIB eniTenisavii.

3. Ha 14 1a 30 noby nikyBaHHS NOBHy eniTenisavito
paH BusiBunmny 60 % i 70 % ekcnepuMeHTanbHUX TBapyH,
SIKUM 3aCTOCOBYBaNM AeKaMeToKCUH, 75 % i 80 % —MCK,
90 % 1 95 % wypie — MCK-IT" BignoBigHo 3a TepmiHamu,
a B KOHTPOMbHIM rpyni eniTenisavito cnoctepirany Tinbku
B 10 % i 30 % TBapwH BignosiaHo (p < 0,001).

4. BcraHosunun Bucoky edektusHicte MCK y kom-
GiHauii 3 iHEpPTHMMK rasamu Mig Yac NikyBaHHA ekcne-
PUMEHTaNBHUX XPOHIYHMX THIMHO-HEKPOTUYHUX PaH, L0
nigTBepMKEHO BipOrigHUM 30iNbLUEHHAM i cTabinisavjeto
ekcnpecii BimeHTuHy, CD34 ta aSMA (0,91 + 0,03,
0,40 + 0,05, 1,85 + 0,09 Bignos.igHo, p < 0,001).

MepcnekTMBM noganblumMx gocnigxeHb. 3a-
CTOCYyBaHHS PO3pobrneHoro Metoay Mig Yac nikyBaHHS
XPOHIYHWX paH Ja€ 3MOry BipOrifHO CKOPOTUTU TEPMIHM
OYMLLIEHHS NOBEPXHI PaHu Bif MHINHO-HEKPOTUYHKX TKa-
HUH Ta eniTenisauii NOPIBHAHO 3 KOHTPOMNLHOK rPymMoto,
MPUCKOPUTY [03PIBaHHSA rPaHYNALINHOT TKaHUHK Ta i
OpunoreHes. 3acTocyBaHHs Ta BNPOBAMKEHHS KMITUHHIUX
TEXHOMOTIN Y THIHIN Xipypril — NepcnekTUBHWIA HanpsaM
ANS yOOCKOHANEHHs Ta onTuUMi3aLii nikyBaHHS XBOPWX i3
XPOHIYHUMU paHamu. HacTynHi 4OCTimKEHHS CTPYKTYPHOT
nepebya0BM XPOHIYHMX paH i3 3aCTOCYBaHHAM HOBITHIX
MOIneKynsipHo-6ionoriYyHX MapkepiB nig, vac NikyBaHHs
MCK i MCK-II" zagyTb 3mory 3gjiicHi0BaTH AncepeHLino-
BaHWUM BMBIp TakTMKM hapmakokopekLii Ta nigsuaTb
€(heKTUBHICTb 3arOEHHS XPOHIYHMX PaH.
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The aim of the work — to present a case of positive use of tocilizumab in the treatment of pregnant woman with severe
COVID-19.

Materials and methods. A self-observation clinical case of severe coronavirus disease (COVID-19) in pregnant K., 40 years
old, who was treated at Municipal Non-Profit Enterprise “Regional Infectious Diseases Clinical Hospital” of Zaporizhzhia
Regional Council. The patient was treated in accordance with the “Protocol for the provision of medical care for the treatment
of coronavirus disease (COVID-19)".

Results. Our own clinical observation demonstrates the formation of severe COVID-19 in a 40-year-old pregnant woman in
the second trimester of pregnancy. Combination treatment with glucocorticoids in the presence of oxygen dependence on
the 11™ day of the disease was ineffective for two days of clinical and laboratory parameters monitoring, which required a
decision on the additional appointment of tocilizumab. The development of “cytokine storm” clinical and laboratory signs on
the 12" day of the disease was evidenced by the preservation of fever in the range of 37.5-37.8 °C, no regression of oxygen
dependence. According to laboratory data, an increase in the severity of lymphopenia as a relative quantity — up to 5 % and
absolute quantity — up to 0.5 x 10%1, an increase in fibrinogen — up to 5.8 g/l and D-dimer — up to 1.9 ng/ml, high level of
C-reactive protein — up to 190 mg/l. These data justify the additional use of tocilizumab, which was administered at a dose
of 8 mg/kg in the absence of contraindications. Tocilizumab administration was effective, contributing to oxygen dependence
regression and recovery of laboratory parameters within a week.

Conclusions. Our own clinical observation demonstrates the formation of severe COVID-19 in pregnant woman in the se-
cond trimester of pregnancy. Due to the ineffectiveness of glucocorticosteroid therapy and the presence of clear clinical and
laboratory signs of “cytokine storm” on the 12" day of the disease, the use of tocilizumab was effective, which contributed to
the oxygen dependence regression and recovery of laboratory parameters within a week. Treatment of pregnant woman with
severe COVID-19 requires adherence to existing protocols.

KAiHiUHMM AOCBIA 3aCTOCYBaHHA TOLMAIZyMaby
B AiKyBaHHi BariTHOi 3 TA)XXKMM nepebirom COVID-19

0. B. Pa6okoHb, I. 0. Kyaews, 0. 0. ®ypuk, T. b. MatBeeBa, K. B. KanaluHuk

MeTta po60oTu — onvcaTi BUNagok NO3UTUBHOIO 3aCTOCYBaHHS ToLwIidymady B nikyBaHHi BariTHOI 3 TshkkMM nepebirom Ko-
poHaBipycHoi xBopobu COVID-19.

Matepianu Ta MmeToam. HaBeeHo KniHiYHWIA BUNaZoK BNIACHOTO COCTEPEXEHHS TSHKKOro nepebiry kopoHaBipyCcHOI XBopooun
(COVID-19) y BaritHoi K., 40 pokis, sika nepebysana Ha nikysaHHi B KHIN «ObnacHa iHdekuiHa kniHivHa nikapHs» 30P.
JlikyBaHHs! XBOPOI 37iiCHUNM 3rigHO 3 «POTOKONOM HafiaHHS MEAUYHOT LOMOMOrU A5 MikyBaHHS KOPOHaBIPYCHOT XBOpPo6tu
(COVID-19)».

Pesynkratu. [NokasaHo hopmyBaHHs Tsixkoro nepebiry COVID-19 y xiHku Bikom 40 pokiB y Il TpumecTpi BariTHocTi. Komnnekc-
He NiKyBaHHS 3 3aCTOCYBaHHSIM MHOKOKOPTUKOIAIB Y pa3i BUHWKHEHHSI KUCHEBOT 3anexHocTi Ha 11 4oby xBopobu BusiBUIOCS
HeedeKTUBHUM NPOTArOM ABOX Aib cnocTepexeHHs 3a kIiHiko-nabopaTopHUMK napameTpamu; Lie noTpebyBarno po3s’sa3aHHs
NUTaHHS LLOAO0 AOAATKOBOrO Npu3HadYeHHs Touunisymaby. Mpo po3BUTOK KIiHikO-nabopaTopHMX 03HAK «LMTOKIHOBOTO LLITOP-
My» Ha 12 0oy xBopobu CBia4MNO 30epexeHHs NiaBULLEHOT TemnepaTypu Tina B mexax 37,5-37,8 °C, BigcyTHicTb perpecii
KCHeBOI 3anexHocTi. 3a pesynsratamy nabopaTopHux AoChiLKeHb, 3adikcyBanu 36inbleHHS BUPa3HOCTI NiMdoneHii — i
BiZHOCHOI (00 5 %), i abcontoTHoi (80 0,5 x 10%n), nigBuLLEHHS ibpuHoreHy — o 5,8 r/n, D-gumepy — 8o 1,9 Hr/mn, BUCOKWiA
piBeHb C-peakTnBHoro npoteiny — o 190 mr/n. Lie nigTBepanno JouinbHICTb 4OAATKOBOTO NPU3HAYEHHS TOLMNI3ymMaby, SKui
BBENW y 403i 8 Mr/kr, npoTunokasaHb He Oyno. BBegeHHs Toumnisymaby BUSIBUNOCH hEKTUBHUM, CNIPUSINO PErpecy KUCHEBOI
3aMeXHOCTI Ta BiHOBMEHHIO NabopPaTOPHUX NMOKA3HWKIB MPOTArOM TUXKHS.

BucHoBku. HaBegeHe BnacHe KniHiyHe CnocTepeeHHs AeMOHCTPYe hopMyBaHHs Tsxkoro nepebiry COVID-19 y BariTHoi B
Il TpumecTpi BariTHOCTI. BpaxoBytoun HeedeKTUBHICTb Tepanii [MIoKOKOPTUKOCTEPOiAaMM Ta HAsBHICTb YiTKMX KMiHiko-nabo-
PaTOPHUX 03HaK «LIMTOKIHOBOTO LUTOPMY», BBEAEHHS Toumnizymady Ha 12 oby xBopobu Byno echekTMBHUM, CNPUSIo perpecy
KUCHEBOI 3aNEXHOCTI Ta BiHOBMNEHHIO NabopaTopHMX NOKa3HWKIB NPOTSATOM TWxKHS. JlikyBaHHS BariTHWX i3 TSHKKMM nepebirom
COVID-19 notpebye YiTKOro 4OTPUMaHHS YWHHWX NPOTOKOMIB.
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Case report

Pregnant women are one of the special and most difficult
risk groups for the development of severe and complica-
tions of many viral infections. This is due to the formation
of certain physiological immunological changes, increased
oxygen demand and the emergence of additional risks
when medical treatment is required [1]. In the conditions of
the coronavirus disease (COVID-19) pandemic, attention
was paid to cases of severe and critical course of COVID-19
in pregnant women, especially in the third trimester of
pregnancy, with fatal outcome [2,3].

At present, the issue of pregnant patients with
COVID-19 treatment remains difficult. In completed
and ongoing clinical trials of COVID-19 drug therapy,
pregnancy is still usually the exclusion criterion. This
significantly limits the development of appropriate guide-
lines for the pregnant women treatment with this infection.
Only the RECOVERY ftrial, which aimed to determine
the appropriateness of dexamethasone in the treatment
of patients with COVID-19, included pregnant patients
with COVID-19 [4]. According to the results of this study,
the minimum effective dose of dexamethasone is 6 mg per
day. The inclusion of this drug in the treatment of patients
with COVID-19, who need oxygen support, has reduced
the mortality of these patients, and there have been no
adverse effects associated with pregnancy [4].

Treatment of pregnant COVID-19 patients with severe
and critical disease remains an extremely difficult issue.
At present, there are no separate protocols for the pro-
vision of medical care to this category of patients, so
the treatment of pregnant women with severe and critical
COVID-19 requires compliance with existing protocols in
the country [5,6] and a multidisciplinary approach involving
physicians of different profiles [7].

The study of the pathogenetic mechanisms of the for-
mation of the adverse course of COVID-19 demonstrates
the leading role of immune-dependent mechanisms with
cytokine dysregulation. This allows to justify the feasibility
of cytokine-targeted therapy [8]. Such treatment options
for patients with severe and critical COVID-19 are the use
of interleukin-6 receptor inhibitors (IL-6) (tocilizumab)
or IL-1B (anakinra), which are used to treat rheumatoid
arthritis [9,10]. Tocilizumab was added as an adjunct to
glucocorticosteroid therapy in patients with severe and
critical COVID-19 case who have rapid respiratory de-
compensation. This is in line with existing international re-
commendations [11,12] and the “Protocol for the provision
of medical care for the treatment of coronavirus disease
(COVID-19)", approved by the Order of the Ministry of
Health (MOH) of Ukraine [6].

Data from the current literature on the effectiveness of
tocilizumab in clinical practice have some differences. On
the one hand, many studies and meta-analyzes have shown
a reduction in mortality among patients with COVID-19
treated with tocilizumab and maintenance therapy [13,14].
On the other hand, there are studies that, on the contrary,
have shown no advantages in the results of treatment with
tocilizumab in hospitalized patients with COVID-19 [15].
Therefore, clinical and laboratory evaluation of the immu-
notropic treatment effectiveness with tocilizumab remains
relevant today [16]. In our opinion, this is especially true
for certain categories of patients with COVID-19 who
have risk factors in the form of comorbid conditions, in
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the pathogenetic mechanisms of which immunological
changes are leading [17,18]. There is already a clear
pathogenetic justification and successful experience in
the literature on the use of tocilizumab in the treatment of
patients with severe COVID-19 on the background of co-
morbid rheumatoid arthritis [18]. Tocilizumab in the treat-
ment of pregnant women with severe and critical course
of COVID-19, according to researchers [19], deserves
special attention. Blockade of interleukin-6 during preg-
nancy is of particular interest given the pathophysiological
relationship between elevated interleukin-6 levels and
preterm birth [20]. Therefore, this led to the feasibility of
analyzing their own clinical experience with tocilizumab in
the treatment of pregnant women with severe COVID-19.

Aim
The aim of the work — to present a case of positive use

of tocilizumab in the treatment of pregnant women with
severe COVID-19.

Materials and methods

The clinical case of severe COVID-19 in pregnant K.,
40 years old was analyzed. The patient was treated at
the Municipal non-profit enterprise “Regional Infectious
Diseases Clinical Hospital” of Zaporizhzhia Regional
Council (infectious diseases hospital) from 01.10.2021 to
11.10.2021. The diagnosis of COVID-19 was laboratory
confirmed by RNA-SARS-CoV-2 in the nasopharynx
mucus by polymerase chain reaction. The patient was
treated according to the “Protocol for the provision of
medical care for the treatment of coronavirus disease
(COVID-19)” [6].

Results

Patient K., 40 years old, was admitted to infectious disea-
ses hospital on 01.10.2021 on the 12" day of illness with
complaints of fever up to 37.5 °C, nonproductive cough,
weakness, shortness of breath during exercise.

The patient had her first pregnancy with a gestational
age of 19-20 weeks.

From the anamnesis of the disease it became known
that she was not vaccinated against COVID-19. Patient
felt ill on 19.09.2021 with an increase in body tempera-
ture to 37.5 °C, weakness, the appearance of a liquid
dry cough. She was consulted by a family doctor, and
RNA-SARS-CoV-2 was isolated from the nasopharyn-
geal mucus during the polymerase chain reaction. There
was outpatient therapy with symptomatic drugs. Against
the background of this treatment there was subfebrile
persistence.

From 30.09.21 (the 11" day of illness) there was
a deterioration: the body temperature rose to 38.0 °C,
there were shortness of breath 24 per minute, decreased
oxygen saturation to 89 %. In this regard, she was hos-
pitalized in the central hospital of Melitopol. The patient’s
condition on admission was considered severe due to
endogenous intoxication and the appearance of acute
respiratory failure. Oxygen therapy in a mask mode was
started. Against this background, oxygen saturation in-
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creased to 97 %. Radiologically, bilateral polysegmental
pneumonia was detected. The general analysis of blood
revealed leukocytosis, neutrophilia, relative and absolute
lymphopenia: leukocytes — 13.2 x 1091, metamyelocytes
—1 %, stabs — 18 %, segmented — 70 %, lymphocytes
—5 % (abs — 0.6 x 10%1), monocytes — 4 %. The results
of biochemical tests: prothrombin index — 87 %, fibri-
nogen — 4.7 g/l, D-dimer — 0.91 ng/ml, blood creatinine
— 63 umol/l, glucose — 3.0 mmol/l. Drug treatment was
prescribed: dexamethasone 12 mg per day, low mole-
cular weight heparin in a prophylactic dose, antibacterial
therapy with meropenem. However, for two days there
was no positive dynamics of clinical manifestations of
the disease, in connection with which in the evening of
01.10.2021 the patient was transferred to the infectious
diseases hospital.

Upon admission to the infectious hospital on the 12
day of the disease, the patient’s condition is severe, body
temperature 37.8 °C, respiratory rate 26 per minute,
tachycardia 108 per minute, blood pressure 130/80 mm
Hg, oxygen saturation 89 % without oxygen support.
Oxygen therapy in a mask mode of 12 I/min started
immediately, oxygen saturation with oxygen support of
97 %. Auscultatory breathing is weakened on both sides,
crepitation is heard. Evaluation of the dynamics of clinical
and laboratory parameters on the background of treatment
with glucocorticosteroids for two days showed no effect
from the prescribed treatment. This was evidenced by
the preservation of body temperature in the range of
37.5-37.8 °C, no regression of oxygen dependence,
according to laboratory data from 02.10.2021, there was
an increase in the severity of lymphopenia as relative —
up to 5 % and absolute — up to 0.5 x 109, increase in
fibrinogen — up to 5.8 g/l and D-dimer — up to 1.9 ng/ml,
high levels of C-reactive protein — up to 190 mg/l. The
above mentioned indicated the development of a “cytokine
storm”, which became the rationale for the appointment
of tocilizumab. According to the results of the follow-up,
the level of procalcitonin was 0.1 ng/ml, ALT activity —
26.1 units, creatinine content—79.7 umol/l, glucose — 8.6
mmol/l, which indicated the absence of contraindications
to the use of tocilizumab. The patient had a body weight
of 65 kg at a height of 170 cm (body mass index 22.49
kg/m2).

Taking into account the above, on 2.10.2021 (the 13"
of the disease) 500 mg of tocilizumab (at the rate of 8 mg/kg
of body weight) was administered intravenously, dexa-
methasone was extended, the dose of enoxiparin was
doubled, and meropenem was continued. After the use
of tocilizumab during the day there was a normalization
of body temperature, which was subsequently stable.
During the next two days, a significant regression of
oxygen dependence was noted, which reduced oxygen
support to 4 I/min, which completely disappeared by
8.10.2021. 13 % and absolute — 1.3 x 109, reduction of
fibrinogen —up to 4.1 g/l. Control radiography of the chest
from 11.10.2021 showed a clear positive trend in reducing
infiltration of lung tissue. On 11.10.2021, the patient was
discharged for outpatient treatment with recommenda-
tions for continued anticoagulant therapy for two weeks
in a prophylactic dose.
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Discussion

Literature data indicate that pregnant patients with
COVID-19 are more likely to be hospitalized in the inten-
sive care unit than non-pregnant women of the appro-
priate age [21,22]. A number of studies have identified
certain risk factors that affect the severity of COVID-19
in pregnant women. These factors include older age,
high body mass index, chronic hypertension, diabetes.
The above-mentioned concomitant pathology, which
occurred before pregnancy, are factors in the high risk
of hospitalization in the intensive care unit and the emer-
gence of indications for artificial lung ventilation [21].
Most researchers point to the fact that a special risk
of severe and critical course of COVID-19 occurs in
pregnant women in the Il and Ill trimesters, because in
the perinatal period orimmediately after birth there is an
increase in symptoms [23].

Thus, according to the results of American resear-
chers at the time of hospitalization among pregnant
women infected with SARS-CoV-2, 61.4 % had an asymp-
tomatic course of COVID-19. However, the onset of labor
pains to the appearance we can see different courses of
disease: mild clinical symptoms —in 26.5 %, severe — in
26.1 %, and in 5 % — even a critical course of COVID-19
[23]. Our own clinical observation also demonstrates
the formation of severe COVID-19 during the second
trimester of pregnancy in a pregnant woman, who had one
of the risk factors for severe COVID-19, namely the age
of the patient 40 years.

Oxygen therapy is given special attention when
providing medical care to pregnant women with severe
and critical COVID-19. To improve its effectiveness, a
prone-positioning algorithm has been developed and
recommended for use in clinical practice [7]. In this
case, childbirth can be considered as a component of
the treatment of refractory hypoxemic respiratory failure
in the development of critical conditions of pregnant
women, especially during pregnancy 32 weeks and more
[7]. At the same time, considerable attention is paid to
resolving the issue of prescribing medical treatment.
In the current literature, some clinical observations of
the treatment of pregnant women with COVID-19 with
the use of tocilizumab are currently demonstrated [19].
Our clinical observations also show that with clear clinical
and laboratory signs of a cytokine storm on the 12" day of
the disease, the use of tocilizumab was effective, leading
to regression of oxygen dependence and recovery of
laboratory parameters within a week.

Clinical observations on the efficacy of tocilizumab in
the treatment of pregnant women with severe COVID-19
are accumulating in the current literature. However, this
does not allow definitive conclusions to be drawn re-
garding the use of these drugs in pregnant women with
COVID-19. Therefore, there is an urgent need to include
pregnant women in randomized controlled trials to deter-
mine the most effective treatments for severe COVID-19
[19,24]. However, in the absence of such studies and
specialized protocols for the provision of medical care to
pregnant women with COVID-19, the existing Coronavirus
Disease (COVID-19) Treatment Guidelines in existing
countries should be strictly adhered to.
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Conclusions

Own clinical observation showing the formation of
severe COVID-19 in pregnant women in the second
trimester of pregnancy was presented. Combination
treatment with glucocorticoids in the event of oxygen
dependence on the 11" day of the disease was ineffec-
tive for two days of clinical and laboratory parameters
monitoring, which required a decision on the additional
appointment of tocilizumab. In the presence of clear clini-
cal and laboratory signs of “cytokine storm” on the 12"
day of illness, the using of tocilizumab was effective,
which led to the regression of oxygen dependence and
the restoration of laboratory parameters within a week.
Treatment of pregnant women with severe COVID-19
requires strict adherence to existing protocols.
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The aim. To acquaint medical practitioners with the case of successful surgical treatment and intensive care of a extremely
preterm infant with necrotic enterocolitis, complicated with intestinal perforation and sepsis of mixed bacterial and fungal etiology.

Materials and methods. The child was treated in the Neonatal Anesthesiology and Intensive Care Department of Communal
Non-commercial Enterprise “City Children’s Hospital No. 5” of Zaporizhzhia City Council. Blood analyses, microbiological,
X-ray and ultrasound examinations were performed by indications using the hospital equipment.

Results. An extremely preterm, very low birth weight infant underwent nine traumatic surgical interventions for NEC with
gastric and intestinal perforation, diffuse peritonitis, and adhesive intestinal obstruction. The child’s condition was complicated
by sepsis of mixed bacterial and fungal etiology. Preoperative preparation included antibacterial therapy, infusion therapy with
modern balanced polyionic solutions, and inotropic support.

During and after surgical interventions, the child underwent multimodal combined anti-stress anesthesia with the use of
neuroaxial blocks, prolonged MLV, antibacterial therapy with modern drugs according to the de-escalation principle and mi-
crobiological peculiarities of the department, antifungal therapy with reserve drugs, immune replacement therapy, parenteral
nutrition and infusion program using blood products according to indications. Despite the child’s critically severe condition
and morphofunctional immaturity, the child has survived, has no neurological deficit, and has gained four times his initial body
weight.

Conclusions. The use of multimodal combined anesthesia with caudal-epidural blocks in the intra- and postoperative periods,
adequate respiratory and hemodynamic support, parenteral and early enteral feeding in a deeply premature baby with NEC
probably contributed to antinociceptive protection and positive treatment outcome after 9 urgent operations. The reserve
antibiotics and antifungal drugs prescription according to de-escalation principle, considering the sensitivity of the bacterial
flora to them, bacteriological monitoring and immune replacement therapy, had a positive result in the treatment of sepsis,
which complicated the course of NEC in the newborn baby.

Bunapok ycniwHOro AikyBaHHAA TANMOOKOHEAOHOLLIEHOI AUTUHU 3 HEKPOTUYHUM
€HTEPOKOAITOM, LLLO YCKAAAHEHHUH cencucom 6akTepiarbHO-rpubKoOBOI eTioAorii

M. 10. KypoukiH, A. I. AaBupoBa, M. 0. Makapoga, |. I. AeHuceHko, 10. B. fTopoakoBa

MeTa po60TH — 03HaNOMMTH NikapiB-NPaKTUKIB 3 BUNAZLKOM YCMILLHOIO XipypriYHOro NikyBaHHS Ta iHTEHCUBHOI Tepanii rmu-
GOKOHEOHOLLEHOT AUTUHM 3 HEKPOTUYHUM eHTepokoniToM (HEK), Lo ycknaaHeHui nepdopaliero KULLeYHKa Ta Cencucom
3MiLlaHoi 6akTepianbHO-rprbKoBOI ETIONOTIi.

Matepianu Ta metoau. [utnHa nepebyBana Ha NikyBaHHi y BigAineHHi aHecTesionorii Ta iHTEHCWMBHOI Tepanii HOBOHapO-
mxeHnx KHIM «Micbka gutada nikapHs Ne 5» 3MP. uTtuHi BUkoHanu kniHiyHi Ta GioxiMiuHi aHanian Kposi, MikpobionoriyHi,
PEHTTEHONOTIYHI Ta YNETPA3BYKOBI AOCTILKEHHS HA 0BNaHaHHI NikapHi.

PesyniraTu. [MnbokoHenoHOLLEHa ANTVHA 3 [y)Xe HWU3bKOK Macoto Tina nepeHecna AeB'siTb TPaBMATUYHIX OnepaTUBHUX
BTPyyaHb 3 npusogy HEK 3 nepchopalieto WwnyHKa Ta KULLKIBHMKA, PO3NITOrO NEPUTOHITY, CNANKOBOI KMLLKOBOT HEMPOXiAHOCTI.
CTaH ONTWHM yCKNaHWBCA CENCMCOM 3MiLLaHoi BakTepianbHO-rpubkoBoi eTionorii. MepegonepaLiiHa nigrotoska nepenbadana
aHTubakTepianbHy Tepanito, iHys3iiHy Tepanito 3 BKMOYEHHAM CyvacHUX 36anaHcoBaHWX MOMIOHHUX PO3YMHIB, IHOTPOMHY
NiZTPUMKY.

MNig vac i nicns onepaTvBHKUX BTPYYaHb AWUTWHI NpU3HaYanu MynbtMModanbHi KOMOIHOBaAHI @aHTUCTPECOBI aHecTesii 3 BU-
KOpPWCTaHHSAM HeiipoakcianbHux 6rokaf, NOJOBXKEHY LUTYYHY BEHTUNALI0 NereHb, aHTnbakTepianbHy Tepanito Cy4acHUMM
npenapatamy 3a AeeckanauiiHum NPUHLMMNOM, BPaxoByHOUM BUCIBU OUTWUHK Ta MikpobionoriyHi ocobnmBoCTi BiaineHHs,
npoTUrpubKoBy Tepanito npenapatamm pesepsy, iMyHO3aMICHY Tepanito; AUTUHA OTpUMyBarna napeHTepansHe XapyyBaHHs,
i Byna npusHadeHa iHgysiiiHa nporpama 3 BUKOPUCTaHHSIM MpenapartiB KpoBi 3a NokasaHHAMMW. He3Baxatoun Ha KpUTUYHO
TSOKKWIA CTaH OUTWMHK Ta MOPAOdYHKLiOHamNbHY HE3pIniCTb, y pe3yneTaTti nikyBaHHS BOHA BUXWA, HE MAe HEBPOMOriYHOMO
aediunTy, Maca ii Tina 36inbLunnacs B4ETBEPO Bif BUXIAHOI.
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BucHoBKkK. 3acTocyBaHHS MyMnbTUMOAANLHOI KOMGIHOBAHOT aHeCTesii 3 BUKOPUCTaHHSM KayaanbHo-enigypanbHux 6rnokag,
B iHTpa- Ta nicnsonepauinHoMy nepiofax, afeksaTHa pecnipatopHa Ta reMoguMHamiyHa NiaTPpUMKa, napeHTepanbHe Ha
PaHHE eHTepanbHe XapyyBaHHS y IMboKoHeaoHoWeHoi anTnHmn 3 HEK, iMOBIpHO, NO3HAUMNMCS HA aHTUHOLMLENTUBHOMY
3axXWCTi Ta CNpUSNM NO3UTUBHOMY pe3yrnsTaTy NikyBaHHs NiCNs AEB'STU YPreHTHWUX onepauii. MpuaHaveHHst aHTGIoTUKIB
pesepBy 3a MPUHLMMNOM Aeeckanauii, BpaxoByloun YyTnueicTb GakTepiansHoi dropu, 3aiicHeHHs GakTepionoriyHoro
MOHITOPVHIY 1 iIMyHO3aMICHOI Tepanii Manu No3uTMBHUIA edhekT nig Yac NikyBaHHA cencucy, Wo ycknaaHue nepebir HEK y

HOBOHAPOKEHOr0.

Necrotizing enterocolitis (NEC) is an acute necrotic intes-
tinal syndrome of multifactorial and insufficiently studied
etiology, which is characteristic mainly of the extremely
preterm infants and is one of the main causes of morbidity
and mortality in children born at a gestational age of less
than 32 weeks [1-3]. In its pathogenesis, hypoxia and
impaired mesenteric blood flow should be considered as
the main link, leading to disruption of the barrier function
of the intestinal mucosa, translocation of microbes into
the bloodstream, and inflammation, triggering a cascade
of cytokine reactions, ulceration of the mucosa, necrosis,
and perforation [1,4,5]. Antibiotic usage and dysbiosis also
play role in its pathogenesis [6-9].

Among risk factors of NEC are bottle-feeding and
insufficient contact with mother’s microbiome [1,6,9], low
birth weight, low gestation term in birth, underweight to
the gestation term, use of mechanical or assisted lung
ventilation, premature rupture of membranes, black eth-
nicity, sepsis, outborn, hypotension, maybe also surfactant
therapy and cesarean section [1,10].

Different authors consider a frequency of NEC de-
velopment among premature babies to be from 5 % to
12 % [11,12], at the same time, several authors believe
that the frequency of this pathology in recent years tends
to increase [2,13]. However, the urgency of this problem
is primarily due to the catastrophically high mortality rate
[5,9,10], which the higher, the lower the baby’s gestational
age and birth weight are [7,10]. Among newborns with
NEC requiring surgical intervention, mortality is 20-30 %
[12], according to other authors — up to 60 % [3].

Despite the achievements of modern science, there is
a problem of late diagnosis [14—-16] and differential diag-
nosis of this pathology all over the world [3]. Some authors
also pay attention to the lack of the precise indication for
surgical intervention [17,18]. Among NEC complications
are sepsis and septic shock, intestine perforation, multiple
organ failure, short intestine syndrome, hepatic damage
due to long parenteral feeding [4].

Common methods of NEC treatment are complete
parenteral nutrition, antibiotics, probiotics, and surgical
treatment in case of perforation [11,17]. Among today’s
promising researches is a development of a novel class of
toll-like receptor 4 (TLR4) inhibitors [11]. In the prophylaxis
of hard and lethal NEC complications struggle with vasal
constriction leading to intestinal ischemia and perforation
plays an important role [4]. One of the ways to combat
vasoconstriction is an adequate anesthesia. There is
a point of view that the advantage to caudal-epidural
blockade should be given, which has such beneficial
effects as reliable analgesia, intestinal desympathization,
and, consequently, an increase in intestine blood flow,
so — prevention of its ischemia, and activation of gastro-
intestinal motility [19].
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Aim

To acquaint medical practitioners with the case of
successful surgical treatment and intensive care of an
extremely preterm infant with necrotic enterocolitis,
complicated by intestinal perforation and sepsis of mixed
bacterial and fungal etiology.

Materials and methods

The child was treated in the Neonatal Department of
Anesthesiology and Intensive Care of the Communal
Non-commercial Enterprise “City Children’s Hospital
No. 5" of Zaporizhzhia City Council. Blood analyses
(clinical, biochemical), microbiological, X-ray and ultra-
sound examinations were performed by indications using
the hospital equipment.
Patient’s parents have signed informed consent.

Results

A child S. was born from the first pregnancy. On the 28"
week his mother was hospitalized with a hard bilateral
pneumonia, associated with COVID-19. A child was born
via caesarian section because of placental abruption;
birth weight was 1300 grams, length 42 cm, Apgar scale
examination 5/6 degrees. Immediately after birth, tracheal
intubation and transfer to mechanical lung ventilation
(MLV) were performed.

On the third day after birth, the child was diagnosed
with a hollow organ perforation. According to the abdomi-
nal organs radiography, free gas was found in the abdo-
minal cavity projection, laparocentesis was performed,
and the abdominal cavity was drained. The next day
the child underwent a big operative intervention: laparo-
tomy, revision of the abdominal organs, and suturing of
the perforation of the stomach were provided.

Pre-operative preparation included powerful antibac-
terial therapy applied by the de-escalation principle (from
wider to narrower spectrum), infusion therapy according
to physiological needs appropriate for newborns, which
included crystalloid solutions (isotonic sterofundin), and
native single-group plasma. The child was constantly on
a ventilator with physiologic parameters (V = 6-7 ml/kg,
RR 36-40 per minute, PEEP 5 cm, FiO, 30 %), hemo-
dynamic support was provided with dobutamine at doses
of 5-10 pg/kg/min.

After the preoperative preparation, the main indica-
tors of homeostasis were stabilized and compensated
(hourly diuresis 1.5 ml/kg/h; mean blood pressure (MBP)
— 40-45 mm Hg), pH 7.33, peripheral blood saturation
92-96 %. During surgery the child underwent multimodal
general anesthesia using a caudal-epidural block. We
have previously studied this method of combined anes-
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thesia with central spinal and caudal-epidural blockades
in intra and postoperative period usage, and it showed
the best results of anti-stress protection compared to
other methods of combined general anesthesia for ex-
tensive and traumatic operations in newborns (Kurochkin
M. Yu. Central Neuroaxial Anesthesias in Newborn and
Infants. Extended abstract of PhD dissertation. KhMNU,
Kharkiv, 2013).

We used the following technic of multimodal anes-
thesia: after premedication with atropine 0.01 mg/kg
the induction with Sodium Oxybutyrate 150 mg/kg, myo-
plegia with atracurium besylate 0.5 mg/kg, analgesia by
fentanyl 5 mcg/kg were provided. Then the caudal-epi-
dural anesthesia with 2 mg/kg of bupivacaine 0.2 % was
performed with bringing the volume of epidural bolus
up to 1 ml/kg. The efficacy and term of caudal-epi-
dural block onset were evaluated using impedance of
the lower extremity (femur region) measurement before
blockade and 15-20 minutes after it (Kurochkin, M.,
Davydova, A., Dmytriakov, V., Chemerys, Y., Krupi-
nov, Y., Krupinova, O. and Svekatun, V. 2016. Method
for determining the onset of caudal-epidural anesthesia
in children. 112820).

In the case of necessity, ketamine 3—4 mg/kg and/or
fentanyl 5 pg/kg were additionally added for analgesia
during surgery. As for infusion during the intraoperative
period, solution of sodium chloride 0.9 % and native
plasma were infused in a ratio of 1:1 and at a rate of
15-20 ml/kg/h. Hemodynamics was maintained with
dopamine at a dose of 7 pg/kg/min as it provides blood
pressure consistency not only by increasing cardiac
output, but also by peripheral vasoconstriction, and
the experience of our hospital shows the advantage
of using this drug versus dobutamine during extensive
surgery in newborns.

In the postoperative period, the child underwent me-
chanical ventilation in the normoventilation mode (V = 6-7
mi/kg, RR 40-42 per minute, PEEP 5 cm, FiO, 21-30 %).
Infusion therapy according to the physiological need for
fluid was conducted taking into account pathological
losses (intestinal paresis) with general volume up to
150 ml per kilogram of weight, with electrolyte disorders
correction such as additional KCl administration for hypo-
kalemia episodes. Parenteral nutrition was used: the child
received glucose 15 % 1415 g/kg per day (in accordance
with the rate of utilization of glucose 0.4-0.6 g/kg/hour);
fat emulsions starting from 0.5 g/kg/day with a gradual
increase to 2.5-3.0 g/kg; and solutions of amino acids
from 1 g/kg/day to 3—4 g/kg/day. When the child began
to assimilate the enteral feeding gradually, the doses of
parenteral nutrition were reduced.

Postoperative analgesia was performed by a combi-
nation of intravenous continuous infusion of fentanyl at
a rapid dosage of 5 pg/kg/hour and caudal-epidural blo-
ckades performed 1-2 times a day with 0.2 % bupivacaine
solution (injected volume of local anesthetic with 0.9 %
chloride sodium was 1.0-1.2 ml/kg) for 3—4 days. Then
the dose of fentanyl was reduced to 3-2 mcg/kg/hour, in-
travenous paracetamol was added at a dose of 7.5 mg/kg
3-4 times daily. The same tactics of patient management
was used in other cases of the perioperative period of all
the following surgical interventions.
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The infant’'s condition deteriorated critically after
the 9™ operation. The worsening was associated with
the development of mixed fungal-bacterial etiology sepsis.
Bacteriological examination data showed the presence
of bacterial flora hospital strains in the pharynx, feces
and blood: Enterococcus faecalis, Enterococcus fae-
cium, Staphylococcus haemolyticus, Escherichia coli,
Enterobacter cloacae, Stenotrophomonas maltophilia,
Candida non albicans. The child had metabolic acidosis
with the increased lactate level (pH 7.10-7.25, lactate up
to 8 mmolll), significant inflammatory changes in the blood
(leucocytosis up to 38 x 10° with immature forms of
neutrophils to 60 %), and the level of procalcitonin was
28.4 pg/ml.

The child received combined antibiotic therapy, which
was de-escalated at the highest age-appropriate dosages:
vancomycin 40 mg/kg in combination with meropenem
60 mg/kg, followed by colistin 70 ME/kg/day. Antifungal
therapy was a combination of fluconazole and mycafungin
with a later switch to caspofungin. Immunocompensatory
therapy was carried out with preparations of normal
human immunoglobulin in a total dose of 1 g/kg. After
intensive therapy, the clinical and laboratory signs of
sepsis regressed.

The course of the disease in the child was considered
to be very severe, with the development of relapses and
complications.

Upon the whole during few months, the infant under-
went 9 surgeries:

1. The 3 day of life: laparacentesis, abdominal
drainage due to bowel perforation, Il stage peritonitis;

2. The 4" day of life: laparotomy: abdominal revision,
closure of gastric perforation;

3. Day 12: relaparotomy; abdominal revision; end-
to-end jejunoanastomosis due to intestinal perforation,
excision of the perforated part of the intestine; application
of an end ileostomy (Fig. 1);

4. Day 66: end-to-end ileoanastomosis, cutting
adhesions;

5. Day 79: laparatomy, cutting adhesions, intestine
intubation;

6. Day 93: relaparotomy, cutting adhesions, resection
of ileum (after perforation and adhesion to another part of
the intestine), ileo-ileoanastomosis;

7. Day 107: relaparotomy, abdominal revision, re-
leasing of adhesions, end-to-end ileo-ileoanastomosis,
intestine intubation; postoperative period also had signs
of intestinal obstruction;

8. Day 116: relaparotomy; revision of the abdominal
organs; releasing of adhesions; application of end-to-end
ileo-ascendo-anastomosis; postoperative period with free
gas in the abdomen (as a result of failure of the previous
anastomosis);

9. Day 120: relaparotomy, abdominal revision, end-
ileostomy, abdominal sanitation.

Six months later, at the age of 13 months ileostomy
was closed and intestinal integrity was restored.

The infant received full and then partial parenteral
nutrition. After the last 9" operation, at the age of 4 months,
the baby’s body weight was 3800 g. On discharge from
the intensive care unit to the neonatal pathology depart-
ment on the 6™ month of life, his body weight was 4930 g
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Fig. 1. Intestine perforation. Free gas in the abdomen.

(+3630 g since birth) and before discharge from the hos-
pital at the age of almost 7 months it was 5300 g (more
than 4 times weight gain). It is important that the child has
no neurological deficit and develops according to age.

Discussion

The uniqueness of this case is that the patient had
the highest risk of an adverse outcome (grade 4-5 on
the ASA anaesthetic scale), but underwent nine exten-
sive surgical interventions, survived and almost fourfold
body weight gain. The initial severity of the condition was
determined by extreme prematurity with very low birth
weight, intrapartum hypoxia due to premature abruption
of the placenta. Morpho-functional immaturity of all organs
and systems eventually contributed to the development
of ulcerous-necrotic enterocolitis with subsequent gastric
and intestinal perforations, diffuse peritonitis, and later
sepsis of mixed bacterial-fungal etiology.

In other Ukrainian clinics, usage of neuroaxial blo-
ckades in infants with NEC is not common. However, we
have had positive experience with them for several years.
From our point of view, in this clinical case caudal-epidural
anesthesia made it possible to reduce the dosage of
narcotic analgesics significantly, and at the same time
eliminated ischemic disorders of splanchnic blood flow
due to the sympathetic component of the blockade.
This contributed to a more rapid recovery of intestinal
peristalsis.

In our opinion, the leading role in favorable outcome
was played by multimodal combined anti-stressor ane-
sthesia, including caudal-epidural blocks in the peri-
operative period; effectively conducted respiratory and
hemodynamic support, parenteral nutrition and infusion
therapy, powerful antibacterial, antifungal and immune
replacement therapy, as well as high reserve capacity of
the patient’s organism.
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Conclusions

1. The use of multimodal combined anaesthesia
using caudal-epidural blocks in the intra- and postope-
rative periods, adequate respiratory and haemodynamic
support, parenteral and therapeutic enteral feeding in an
extremely preterm baby with NEC, probably contributed to
reliable antinociceptive protection and positive treatment
outcome after 9 urgent operations, contributing to 4-fold
body weight gain, survival, and recovery.

2. The administration of reserve antibiotics and an-
tifungal drugs according to the de-escalation principle,
considering the sensitivity of the bacterial flora to them,
bacteriological monitoring and immune replacement
therapy, had positive results in the treatment of NEC
complicated by sepsis in extremely preterm infant.

Prospects for further research. In the future, it is
planned to study the effect of caudal-epidural blocks on
the course of NEC in preterm neonates when applied in
the early stages (intestinal paresis before the stage of
intestinal pneumatosis and perforation). Also perspective
in our opinion will be the study of the effect of central
neuroaxial anesthesia on the processes of tissue repair
and regeneration after extensive abdominal operations
in newborns.
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