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AKTyalabHicTh. AHTiOTeH3UH-TIepeTBOprorounii pepment-2 (ACE2), skuii € BXiTHUMH BOPOTAMH AJIsI KOPOHABIPYCY, TAKOXK € BayKIIH-
BUM KOMIIOHEHTOM TKaHHHHOI PeHNH-aHT10TeH3WHOBOI CHCTEMH 3 HI3KOIO ITPOTH3aNaabHUX edekTiB. Bimomo, mo ACE2 excnpecyeTbes
y JIETEHSX MAIi€HTIB 3 KOPOHABIPYCHOIO THEBMOHIEIO, ajie He SICHO, K 1€ 3aJISKUTD Bij CTa il pO3BUTKY Ta BUPAKEHOCTI 3aMaIeHHS.

Hisb: BCTaHOBUTH BILIMB TOCTPOIO 3allalieHHs Ha JIETEHEBY eKCIIPECiio aHTi0TeH3UH-TIEPETBOPIOI0YOro hepMeHTy-2.

Martepian Ta metoru. [llypam ninii Bicrap (n=20) 3 moBHUM AOTpUMaHHIM 0i0€THYHUX HOPM OyJI0 IIPOBE/ICHE BBEACHHS Y TPAXEI0
CTEePWJILHOT KallpOHOBOT HUTKHU JIOBXKMHOIO 2,5 ¢M Ta ToBIIMHOI0 0,2 MM Ha TiOuHy 2,5 cM. TBapuH CIIocTepiraiy Ta BUBOAWIHN 3 €KC-
nepuMeHTy Ha 7, 14, 21 i 28 100y, pobuim MiKpOCKOIIiUHI Ta iIMyHOTiCTOXiMIUHI (MOHOKIIOHANBHI anTHTIIa npot ACE2; clone 4G5.1;
EMD Millipore Corporation; Temecula, CA US) gocinimkeHHs.

Pe3yabTaTn. MikpockomniyHa KapTHHA CBiIYHIIA PO PO3BUTOK FOCTPOr0 OPOHXOJIETEHEBOTO 3aMaIeHHS POTATOM MEPIIOTO THKHSA,
(dopmyBaHHs epUOPOHXIANBHUAX Ta aJbBEOJSIPHUX aOCIEeciB Ha APYroMy THIXKHI 3 IMOYATKOM PO3pilleHHs OPOHXOIHEBMOHIi 3 opra-
Hi3awiero abcueciB Ha TPEThOMY THIKHI 1 PO3BUTKOM JHdy3HOro (ibpo3y mapeHXiMH Ta TialiHO3y CYIUH Ha YeTBEPTOMY THIKHI CITO-
crepexxeHHs. ExkcynariBHa (aza rocTporo 3amajeHHs CynpoBOUKyBanacs npurHideHHsM aktuBHocTi ACE2 y emiTenionurax OpoHXiB,
anpBeononuTax 1l mopsaxy ta cynuuaoMmy ennorenii. [Ipn nepexoni 3ananenns y crazito npomidepanii Ta GiOpo3yBaHHS aKTHBHICTH
ACE2 BinHOBIIIOBaNaCs.

BucnoBok. ®azna 3miHa axtuBHOCTI ACE2 MOke 00yMOBIIOBAaTH XBWJICTIOMIOHWI peluauByIounii mepedir iHdeKIii, 0CKITbKI

30inbuIeHHs Kinbkocti 6inka ACE2 npu 3aryxaHHi rocTpOro 3anajieHHs Crpusie 301IbLIeHHI0 1H(IKYBaHH KIiTHH-MiIICHEH.
KurouoBi ciioBa: excriepuMeHTa bHa OPOHXOITHEBMOHISI, aHT10TEH3UH-TIEPETBOPIOIOUHIT (hepMeHT-2, IMyHOTICTOXIMIsL.

AxTtyanbHicTs. Llle micns nepiioi enifemii KOpoHaBi-
pycHoi iHdexkmiiHoi xBopooHu (COVID) y 2003 poui OyB
imeHTH(iKOBaHUH (DYHKIIOHAIBHUIN penenTop, Heooxia-
HUH 711 IPOHUKHEHHS KOPOHABIPYCY 10 KIIITHH TOCIO-
naps [17]. Im BusBUBCS aHTiOTEH3MH-TIEPETBOPIOOUMIA
(epment-2 (ACE2) [12, 15]. ACE2 mae 805 aMiHOKHCIIOT
Ta € MOHOKapOOKCHTIETITH 1a30t0 THITy I, TpaHcMeMOpaH-
HHUM [JTIKOIIPOTETHOM, KU IIepEeTBOPIOE aHT10TeH3MH | Ha
HEaKTHBHHU aHTi0TeH3uH 1-9 Ta aHrioTeH3uH Il Ha aHTiO-
ter3uH 1-7 [15]. OcTanHill mpoTHIiE TaKUM eeKTaM aH-
riotensuny Il, sik 3By>keHHs CyauH, npomidepariis, hiopo3
1 3ananeHHs [18]. Y nereHsx mpu 3anajieHHi aHT10TeH3UH
1-7 npurHidye iHUIBTpALio 3aMalbHUX KIIITUH, BUBLIb-
HEHHsI IPO3aNaJIbHAX IUTOKIHIB, MOKPAIIY€E OKCUTSHAIIIIO,
3HIKYE allONTO3 aJbBEOJISIPHOTO CMITENiI0 1 IPUTHIUYye
npodideparrito Ta Mirpamito ¢pidpodmactis [18, 26].

TakuMm unHOM, 3 ogHOTO 60Ky, ACE2 € mpsimoro mi-
IICHHIO IS BTOPTHEHHSI KOPOHABIpYyCy, &, 3 1HIIOTO,
SK BOYKJIUBUH KOMITOHEHT TKAHWHHOI PEeHIH-aHTi0TCH-
3UHOBOT CHUCTEMH, Ma€ HU3KY 3aXMCHUX e(PEeKTiB Mpu
roctpomy 3anaieHHi [28]. B mpoMy miaHi akTyaJ bHUM
€ TIUTaHHS PO BILTHUB TOCTPOTO JIETCHEBOTO 3aIlTajeHHS
Ha excrpecito ACE2.

YV ekcriepyuMeHTaNbHUX MOAEISAX 3arajeHHs JIereHb
Ha4acTillie BAKOPUCTOBYIOTh TPU3YHIB Ta MPUHIUIU

inaykuii matonoriuxoro nporecy [10]. [Tatoren y au-
XaJIbHY CUCTEMY BBOAMTHCS IIIJISIXOM BIUXAHHS aepo-
301110, IHTPaHA3ANBHOI IHCTIIALIT 400 €HAOTPOXEATEHO
[27]. st pO3BUTKY €KCIIEpUMEHTAIBLHOT THEBMOHIT Yy
0aKTepioNIOTTYHIX MOJETISIX BUKOPHCTOBYIOTH ACTIiparlifo
MikpoopraHisMmiB [1]. BusHaHo He GakTepialbHOK MO-
JIEJUTIO € BBE/ICHHSI CTOPOHHIX Till Y Tpaxero, HAPUKIIAJ,
KalpOHOBOI HUTKH, L0 CYIPOBOMKYETHCS PO3ZBUTKOM
TOCTpoi acmipaiiHoi OponxonHeBMoHii [2]. [TepeBaramu
1iel MOJIeNI € JIeTKa BiITBOPIOBAHICTh, BIZICYTHICTh HEOO-
X1IHOCTI pOOOTH 13 MMOTEHIIIHHO 3apa3HUM MaTepiaioM Ta
HaJlifHe MOJIEIOBAHHS TOCTPOTO 3aMaICHHS.

Hisb: BU3HAYMTH aKTUBHICTH AaHTIOTEH3UH-TIEPETBO-
PrOIOYOr0 (hepMEHTY-2 MPU PO3BUTKY T'OCTPOTO EKCIIEPH-
MEHTAJIBHOTO 3aMaICeHHs JeTCHb.

MATEPIAJIN TA METOAHU

s mpoBeaeHHs AOoCIiIKeHHs 01 ity pi JiiHii Bictap
BikoM 6 MicsniB Ta Baroro 200-220 r Oyau po3noaineHi
Ha JIBi Ipymnu: 1-a — BIATBOPEHHS TOCTPOI acmipaliitHol
OpOHXOITHEBMOHI{ IIITSIXOM BBEICHHS CTOPOHHBOTO Tijla
y Tpaxeto (n=20) Ta 2-a — XiOHOOTIEpOBaHi TBAPHHH (KOH-
Tponb, n=10). ¥ 1-if Tpymi 3a JOIMOMOTOI0 MPOBiTHUKA
(i1 €eKTIii{HA TONIKA) CTEPUIILHY KalPOHOBY HUTKY JIOBXKH-
HOKO 2,5 cM Ta ToBmMHOK 0,2 MM BBOAWJIM Ha TIIMOWHY
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2,5 ¢cM y Tpaxelo, onepaiiiiny pany ymusanu [2]. ¥V
TBapHH 2-1 Tpynu MOOLTI3yBaJIN TPaxero, IPOKOIIOBANH il
TOJIKOIO, aJIe HUTKY He BBOJMJIM (KOHTPOJIh). Beix TBapuH
HapKOTHU3yBaIU TioneHTanoM (50 Mr/kr).

[Ipu BUKOHaHHI pOOOTH KepyBaJlUCs HOPMAMH Ta
npuHmnamu Jupexrusu 2010/63 €C 3 3axucty TBapuH,
lenbcinkebkoi Aekmapariii (2008) Ta BuMoramu 3akoHi
VYkpainu «IIpo 3aXUCT TBapHH Bif KOPCTOKOTO MOBO-
moxeHHsD (Nel759-VI Bix 15.12.2009). TBapun Tpumanu
Ha CTaHJAPTHOMY paIlioHi B yMOBaXx BiBapito. [Iporsrom
OJTHOTO MiCSIIIsI TICJIS Omepailii BU3HaYaIu 3arajbHui
CTaH TBapHH, PEKTAILHY TEMIIepaTypy, CTyIIeHb LiaHO03Y,
HasIBHICTh 3aMIIKH, YaCTOTY AUXaIbHUX pyxiB (U/IP),
AyCKYJITaTUBHI IPOSIBH.

st mpoBeieHHS. MOP(OJIOTIYHHUX JTOCITIIKEHb TBa-
PHH BUBOIIIIM 3 €KCIIEPUMEHTY TIiJ] TIONEHTAJI0BUM
HapKo30M. Po3THHAaIM rpyiHy MOPOKHHUHY, JIETeHI BiJl-
cermapoByBainy. [1IMaToYky TKAaHWHU JIETCHI 3 PiI3HUX
ninsgHok ikcyBanu B 10%-My po3unHi HEHTPaIBLHOTO
3abydepennoro ¢popmaininy (pH 7,4) nporsrom 24-36
ronuH. [licns ¢pikcyBanHs y popMatiHi 3a IPOTOKOIOM
3arajJbHONPUUHITO] METOJUKHU IIMATOYKHA TKAHUHU
3anuBaiy B napagid. 3 napadiHoBux OJIIOKIB HA poTaLi-
itHoMy MikpoToMi HM 325 (Thermo Shandon, Anruis)
BUT'OTOBJISUIHM CEPiiiHiI TiCTONOTIYHI 3pi3U TOBLIIUHOIO
2-3 MKM, sIKi TOTiM 3a0apBIIOBATH TeMATOKCIIIIHOM i
CO3MHOM.

s Bu3Hadenns excripecii ACE2 npoBonumm iMyHO-
ricroximiude pocmimkerHas (IIX]1) 3 MOHOKJIOHATBHH-
mu antuTiTamMu npotu ACE2 (anti-ACE2; clone 4G5.1;
Sigma-Aldrich MABNS59, replaces MAB5676), Bupo6-
aunrea EMD Millipore Corporation; Temecula, CA US).
s nposenenns 1I'X/] 3pi3u momiiany Ha aare3uBHI
ckenbls Super Frost Plus (Menzel, Himewunna). J{ns
BHUCOKOTEMIIEPaTypHOI 0OPOOKH EMiTOMiB aHTUTEHIB BU-
KOpUCTOBYyBau nutpatauii 6ydep 3 pH6, EDTA Gydep

3 pHS; 3acTocoByBanu cucremy aerekuii UltraVision
Quanto HRP, xpomoren JAB Quanto, BupoOHUIITBa
Thermo Fisher Scientific (CILIA).

MiKpoCKOIiYHE TOCTiHKEHHS Ta (JOTOAPXHBYBaH-
HS IPOBOAIUIH 13 BUKOPHCTAHHIM CBITIIOONTHYHHUX
MikpockomiB «ZEISS» (HiMmeuunna) 3 cucteMoro 00-
poOku nanmx «Axio Imager. A2» npu 301IbIICHH]
00’ekTuBIB X5, x10, X20, x40, OiHOKYAApHOT Hacaj-
ku X1,5 Ta okymsapiB x10 3 kameporo ERc Ss, «Carl
Zeiss» Primo Star 3 xameporo Axiocam105 color Ta
cBiTnoonTUuHOro Mikpockomny «Olimpus BX 40» no-
JaTKoBO oOnagHaHuM udpoBoio kameporo «Olimpus
C3030-ADUy, nporpamauM 3abe3nedeHusM «Olimpus
DP-Soft».

PE3VJIBTATH TA iX OBGTOBOPEHHSA

B mepmi gui micns omepanii y TBapuH 1-i rpynu
pO3BHUBAsACs 3aAMIIKA, TPOCTYXOBYBAINCS OOTMHOKI
BOJIOTH XpHIH. PexTanpHa TeMIepaTypa KOJUBalach B
mexax 37,6-37,80C, UIIP — 72-102 3a xBunmny. Ha 3-4-y
J00y BU3HAYAJIHCS MTOCTIHHI BOJIOTH XPUITH, JMXaHHS T0-
BepxHEBe, 10 120 3a XBUIHMHY, TEMIIepaTypa KOJIHUBAIACh
B Mexax 37,2-38,40C. Uepe3 THXKACHD CIIOCTEPIraBcs
BHPa)XCHUH [iaHO3, TUXAaHHSA YTPYIHCHE ITOBEPXHEBE
HEpEryJsipHE 3 aKTUBHUM 3aJTyYCHHSIM JTOJATKOBUX JH-
XaJIbHUX M)$I31B, BUCIYXOBYBAJIUCS BUPAKEHI XPHUIIH,
kpenitanis. Temneparypa Tina KoJMBajlach B MeXax
37,2-38,00C. Ha 2-4-My THXXHSX CIIOCTEpEKEHHSI 3a3Ha-
YeHI NMPOSIBH IPOTPECyBAIH, IUXAHHS OyI0 KOPCTKHM,
YTPYAHECHUM, BUCITyXOBYBAJINCS XPUIH, KpEMiTamis, y
BCIX TBapHH BUPAKCHUN IIHAHO3.

[Ipu maromopdostoriyHOMY JTOCIIIKESHI TKAHUH Jie-
reHi Ha 7 moOy B MiKpoIpernaparax BiJ3Ha4qajaocs OB-
HOKPOB’SI CYIIUH, B TOMY YHCIIi i MiKPOIMPKYJISITOPHOTO
pycia, B YaCTHHI O3HaKH MiKpOTpOoMOO03y, CTa3, MICIISIMH —
eKTa3il BeHyI (pHc. 1).

r‘(-,l .WJ_'{W

Y}'\

Puc. 1. Mikponpenaparu JiereHi nypa. EkcriepiMenTaibHa acmipaniiiHa mHeBMOHIs, 7-a noba. B cyanHax cra3, BOrHUIIEBHI MiKpOTpoMO003 1 eKTasii
BEeHYII, eM(i3eMaTO3HO PO3IIHPEH] allbBEOIIH, PO3PHBU MIXKaIbBEOISIPHIX NEPETUHOK. 3a0apBICHHS — FeMAaTOKCHIIIHOM Ta eo3iHoM. Ax50; Bx100
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Crocrepiranauck 03HaKU KpaoBOTO CTOSIHHS JIEHKO-
IIUTIB Y IPOCBITI CyAMH, HEBEJHKI JIOKYCH 13 SBUIIAMH
CITaJKy SPUTPOLIUTIB Ta POKaJbHI Jiaree3Hi KpOBOBH-
muBH. CTiHKa CyTUHHUX CTPYKTYp CEPETHBOTO Ta Ipiod-
HOTO KaJiOpy HEpiBHOMIPHO MOTOBIIEHA 32 PaXyHOK
HaOpsiKy. JlereHeBa mapeHxima i3 SIBUIIAMU TUCTEIICK-
Ta3iB: aTeJCKTAaTHYHO 3MIHCHI IIJSHKH (3 TOBHUM Tie-
PEKPHUTTSIM aJIbBEOJIPHHUX IPOCBITIB), IO YEPTYIOTHCS 3
eM}1i3eMaTo3HO IIIaTOBaHUMI aTbBEOIAMH, Y IIIX 30HAX
— 13 CTOHIIICHHSM Ta PO3PUBAMH MDKAIBBEOJSIPHUX TIEpe-
TUHOK (AuB. puc. 1B). ¥ Boruumax emdizemu npocBitu
aJbBeOJ 13 3aIlyCTiBaHHAM (ONTUYHO BiJIbHI BiJl €KCYaTy
YM TKAHUHHOTO AETPUTY). CerMEHTapHO CIOCTEPIraiuch
KOMIIGHCATOPHO-3aXUCHI PEaKTUBHI 3MiHU alIbBEOJIO-
[IUTIB, IEPEBAXKHO 32 PaxXyHOK emiTenionuTiB 11 Tumy
y BUIIAAI Tineprnasii. [IpocBiti OpoHXIB 3 BOTHUIIIE-
BHMH O3HaKaMH TPaH3UTOPHOI OpoHxoekTasii. CTiHKa
OpoHXiB 1HQIIBTPOBaHA MEPEBAKHO HEUTPODITLHUMI
JEHKONIMTaMH, 3 JOMINIKOI0 MOHOHYKJIeapiB. Ciu3oBa
000J0HKa OpOHXIB Ta OPOHXION 3 O3HAKAMH JeTeHepa-
TUBHUX 3MiH Ta TillEpCEKPETOPHOI aKTUBHOCTI (3a pa-
XYHOK TilepIniasii pecipaTopHOro BitKOBOTO SIITEeii0
Ta KeJMXOBUIHUX KIITHH), 3 OCEpeKaMH JIeCKBaMallii.
IepubpoHxialbHO BUpaXEHUH iHTEepCTULIIITHNI HAOPIK
Ta peaKkTUBHA rinepruiasisg JiMpoiTHUX QOMIKYIIB 3Mi-
IIAHOTO XapakKTepy.

ITX 1 3 mapkepom anti-ACE2 y cTpykTypax JereHb
Yy KOHTPOJBHIH TPyIIi OKa3aI0 MO3UTHBHY SKCIPECII0
ACE2 (puc. 2A). Bupaxena ekcrpecisi BUsSBIISIach Ha
amikajgbHIN TOBEPXHI eNiTeNi0 OPOHXIB Y BUIIIAI TU-
(hy3HOTO 3a0apBJICHHS CYIUILHOT OONAMIBKU. Y TIapeH-
XIMH JIETeHB Ta epHOPOHXiaTbHO TIO3UTHBHA EKCIIPECis
CIIOCTEpiranachk B YacTHHI anbBeononuTis 11 mopsaky, B
YaCTHHI MOHOLIUTIB, B eHIOTENII CyAWH Pi3HOTO Kaliopy.

Ha 7-y no0y po3BUTKY 3amajbpHOTO Tpouecy 0yio
BiZIMIY€HO CYTTEBE 3MEHIIICHHSI IHTEHCHBHOCTI eKCIIpecii
ACE?2 B enitenii OpoHXiB, IEpeBaXHO 31 CJIaOKO BHpa-
YKSHOIO MO3UTUBHOIO PEAKIII€I0 Y MOOMUHOKHUX KIIITHHAX
(puc. 2B). Cnin 3a3HaunTy, 110 3HUKana excripecis ACE2
B ajpBeoionuTax Il mopsaxy, B OkpeMHUX KIiTHHAX 30e-
piramacs cnabo Bupaxkena excupecist ACE2. Harowmicts,
excrpecis ACE2 y MOHOHYKII€apHUX KITIITHHAX B iHTEp-
CTHIIIIO CYTTEBO 3pOCTaa.

[pu maromopdonoriaHOMY TOCiIKEHI TKAHUH JICTeH]
Ha 14 neHb Oys10 3HalICHO MOPYIIEHHS IICTOAPXITEKTOHI-
KU OpraHy 3a paxyHOK (hOpMyBaHH ITHEMO- i OPOHXOTeH-
HHX TocTpHX abcreciB (puc. 3). CyauHHi 3MiHH, B LILIOMY,
BIJIMTOBIIAJT TAKKM ITOTIEPEIHBOTO TEPMiHY. Y ajbBeoax
BiJIMiYaBCs THIHHUI €KCY/IaT, pEaKTUBHI 3MiHU aJIbBEOJIO-
uTiB sk [, Tak i I TumiB y Bunsiai rinepruiasii. PeaktuBHi
3MIHH CJIN30BOT 000JIOHKH OPOHXIB Ta OpOHX107 30epira-
JTUCSI, BIIMIYEHI MTPOTSKHI TOJIS IECKBAMAaTUBHUX 3MiH.
YactrHa OpOHXI0J 3 O3HAKAMH MOPYIICHHS IITICHOCTI
Ta 3QIYYCHHSM Y JECTPYKTUBHUI MPOIEC MPHIETIIHX
ATBBEOISIPHUX CTPYKTYP 3 GOPMYBaHHAM OCEPEIKIB THil-
HOTO 3amayieHHs — a0cIeciB, CTiHKa SKUX chopMoBaHa
3pYyHHOBAaHHUMH CTPYKTYpaMHU JITreHeBO1 mapeHxiMu. Taka
MopdosoriuHa KapTHHA BKa3yBaja Ha PO3BUTOK TOCTPOL
OpPOHXOITHEBMOHIT 3 (POPMyBaHHSIM TOCTPUX NMEPUOPOH-
XiaJIbHUX Ta aJbBEONIPHUX abcueciB Ha GoHi rocTpoi
OpoHxomHeBMOHi1. [Topsy 3 UM, Ha OKPEMUX JUISTHKAX
BiJIMIYaJIOCh PO3POCTAHHS MOJIONIOT CIIOTyYHOT TKAHHHH.

ITX]T 3 mapkepom anti-ACE2 Ha 14 no0Oy crioctepe-
JKEHHSI TI0Ka3aJ10 MOCIa0IeHHs Y MMOPIBHAHHI 3 KOHTp-
oneM ekcripecii 0inka ACE2 (puc. 4). [Ipudyomy Take
nocyabiueHHs O0yino XapakTepHe He TUTBKH IS KIITHH
emiTeNit0 OPOHXIB, aJe 1 U IHTEPCTUIIATBHIX MaKpo-
¢ariB, cepea SIKUX eKCIpecist 30epiraiach B MOOJHHOKUX

B

Puc. 2. Mikponpenapatu jaeresi mypa. [I'X/] 3 moHoknoHansHEM anTHTiiOM 10 ACE2. A — KOHTpOINIB; B — ekcriepuMeHTanbHa acmipaniiiHa THEBMOHIS,

7-a no6a. Ha A — no3uTHBHa exclpecist Ha aliKalIbHiH TOBEpXHi OPOHXiaIbHOTO CIITeNiI0, TO3UTHBHA EKCIIPECiss MOHOHYKIICapHUX KIIITHH B IHTEPCTHIIT

Ta anpBeosonutax Il mopsaky; Ha B — 3HmKeHa IHTEHCHBHICTD SKCIIPecii B emiTeNnito GPOHXIB, MOOMMHOKI MO3UTHBHI anbBeononuTy I mopsiaky, mo3uTuBHa
eKcIpecisi B MOHOHYKJICApHUX KIITHHAX iHTepcTHIiio. X200
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Puc. 3. Mikponpenaparu jeresi nfypa. EkcnepiuMeHTanbpHa acmipaniiiHa mHeBMOHis, 14-a 1o0a. MixanbBeonsipHi epeTUHKH HaOPSKIIi, HOTOBILEHI,

psicHo iHdinETpOBaHi JiMdoLUTaMU, HEHTPODITPHUMH JEHKOLUTAMHU; Y IPOCBITI aJIbBEOJ THIHHMIT €KCyAaT 3 JOMIIIKOIO MOHOLMTIB Ta JiM(OLHTIB;

OpOHX 3 MOPYLICHUMH CTIHKaMU Ta IepiOpoHXiabHOIO iH(UIBTpanielo, rinepruasis JiMdoinHol TkaHNHY; GOpMYBaHHS NepUOPOHXiaTbHUX a0CLeCiB.
3abapBieHHs — FEMAaTOKCUIIIHOM Ta eo3iHom Ax50; Bx100

ol TR - o

-

—

B

Puc. 4. Mikponpenaparu siereti urypa. IIX/] 3 monokmonansaum aututiiom 10 ACE2. ExcriepumenTanbHa acmipariiina maeBMoHist, 14-a no6a. 3aranbHe
3HIDKEHHS eKcrpecii i3 30epexeHHsM ii B HOOQUMHOKHX Makpogarax Ta okpeMux emnitenionurax I mopsaky. Ax200; Bx400

KPYIHOTO po3Mipy KiiTnHax. HepiBHOMipHa, TIepeBaskHO
ci1abo BUpaXkeHa eKcIpecis 30epiranack y Jesikix ajibBe-
onorurax Il mopsinky.

Ha 21 nenn 3aranpHa rictoapxiTeKToHiIKa opraHy Oya
MopyIIeHa 3a paXyHOK c(hOpMOBaHHMX THEBMOHIOTCHHHX
(6poHxXOreHHNX) abCIIeciB 3 TTOYaTKOBUMH O3HAKAMH Op-
raHizarii maeBMOHii (puc. 5). Bix3naueni 30Hu 3 HEpiB-
HOMIpPHUM HOBHOKPOB’SIM CYJHH MiKpPOLMPKYJISTOPHOTO
pycaa i3 BOTHHIIIEBIM MIKPOTPOMO030M, EKTa3i€r0 BEHYI,
110 YepryBaJIics 13 30HaMU CHaJaHHs CY[UH Ta ilemisa-
Li€ro mapeHximMu oprady. CTiHKa CyIuH CEpefHbOTO Ta
JpiOHOTO KaNiOpy [0 MOTOBIIEHA 33 PAXyHOK HAOPSAKY,
JIMCMYKO1103y, IIOYaTKOBUX HPOsIBIiB (hiOPO3Y, B OKPEMHUX
CyIMHaX ApiOHOTO KamiOpy — 03HAKH TialiHO3Y.

B mapenximi jiereHb sIBUINA AUCTEIECKTA31B Y BUTIISI-
Jli aTeJICKTATUYHO 3MIHCHHX JIUISTHOK (3 TOBHUM Tiepe-
KPHTTSM albBEOJISPHUX MPOCBITIB), Mi>KaJIbBEOJSAPHI
MepeTHHKH HaOpsAKIIi, 1HQUIBTPOBaHI TiMPOIUTAMH,
BOTHHIIIEBO — MOHOITUTAMH Ta HEUTPODITLHUMU JICH-
KOIIUTaMH, cIlocTepirajgack akTuBamis ¢pidbpodractis
y BUIISAAI HiXKHOT (ibprisipHOi ciTku (piOpo3yBaHHsS
MIXKaJbBEONSIPHUX MEepeTUHOK). O3HAKU PEaKTHBHHUX
3MiH anbBeononuTiB I Ta Il mopsuky, Mo nposBisIIHCs
rinepriasi€lo Ta HiiaIbHOIO Mpotidepalielo KIiTHH.
ITepubpoHnxianbHO BifMiu€HO (pOpMYyBaHHS HI’>KHOTO
¢i0puIsipHOTO MaTpUKCy NepudoKaIbHO 10 30H abc-
nexyBaHHs. Cin3oBa 000J0HKA OpPOHXIB Ta OpOHXiON 3
O3HAaKaMH JIereHepaTUBHUX 3MiH, TiIePCEKPETOPHOT aK-
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Puc. 5. Mixponpenapar nereni uypa. ExcriepnMenTansHa acipaniiina mHeBMoHis, 21-a no6a. JlecTpyKTHBHI 3MiHM OpOHXIB Ta OPOHXiOIN 3 HOPYIICHHAM

LiTICHOCTI CTIHKH, BOTHHIIEBHM PO3POCTAHHAM CIIOIYYHO! TKAHHHH; TiIepCeKPETOPHA AKTUBHICTH CITH30BOI 000IOHKH OPOHXIAaNBHOTO AEPEBY; PO3POCTAHHS

CIIOJYYHOI TKAHHHU B AUTSHKAX 3aMajbHUAX 1HQIIBTPATIB, TialiHO3 CYAMH MiKPOLMPKYIATOPHOIo pycia. 3a0apBiIeHHs TeMaTOKCHIIHOM Ta €031HOM.
Ax50; Bx100

TUBHOCTI, 3 MPOTSHKHUMH MOJISIMH JICCKBAMATHBHUX 3MiH
Ta 3 MOMIPHOIO KUTBKICTIO 3MIIIIAHOTO EKCYaTy y MPOCBi-
Ti, SKUHA cHOPMOBAHUH CITM30M, TKAHWHHUM JICTPUTOM,
HUTKaMU (iOpuHY, cepell SKOro TU(y3HO PO3TalIoBaHi
HEUTpOoUIbHI TEUKOIIUTH, JTIMPOIUTH, TUIa3MaTUIHI
KIiTHHU, Makpodaru. OTxe, MOpQOoJIOTiYHA KapTHHA
gyepe3 21 JieHb CBiTYMIIA ITPO PO3PIlICHHSA OPOHXOITHE-
BMOHII 3 OpraHi3aimi€o rocTpuX MepuOpOHXiabHUX Ta
QJIbBEOJISIPHUX a0OCLECiB.

IT'X 1 3 mapkepom anti-ACE2 na 21 100y crioctepe-
JKeHHS, B L1JIOMY, [TOKa3aJI0 TEHASHIIIO 10 BiTHOBICHHS
iHTeHcHuBHOCTI excnpecii Oinka ACE2 y nopiBHsHHI 3
nornepenHiMU TepMiHamMu (puc. 6). Maibke Ha BcboMy
MPOTS3i ammiKajJbHA MOBEPXHSA EMiTeNi0 OpOHXIB 1aBaya

no3utuBHy excnpecito ACE2. B iHTepcuTHIIT KiTbKICTh
MIO3UTUBHUX MOHOIIUTIB Oyi1a HEBEIUKOIO, (DOPMYBAIIHUCH
CKYITYCHHS TaKWX KIITUH. Y JTUISTHKaX HOBOYTBOPEHOT
($hi6po3Hoi TkaHWHH TTO3UTHBHOI ekcnpecii ACE2 nHe
BHSIBJICHO. BCTaHOBIICHO, IO B il TEpMiH BUpakeHa
eKCIIpecis crocTepirairach B eHI0TeNIi CyIuH Pi3HOTO
Kaiopy. Sk 1 Ha monepeTHiX TepMiHaX, TO3UTHBHA €KC-
npecist ACE2 crocTepiranach B MOOTUHOKUX aJIbBEOIIO-
nutax Il nopsaaxy.

UYepes 28 nHIB 3arajipHa TiCTOAPXITEKTOHIKA JIETCHI
OyJlia mopyllleHa 3a paXyHOK O3HaK OpraHizailii mHeB-
MOHIi, TepeBaXkHO 13 (iOPO30M MapeHXiMH, CKIEPO3Y-
BaHHSIM Ta TiaJIiHO30M cynuH (puc. 7). Binznauanocs
HEpiBHOMIipHE TIOBHOKPOB’SI CYAHH MiKPOIMPKYISITOP-

Puc. 6. Mikponpenaparu jgereni mypa. II'’X/] 3 monoknonansHuM antutiniom 10 ACE2. EkcriepuMenTanbHa acmipaniiina nHeBMoHis, 21-a 1o6a.
BinHoBneHHS ekcrpecii OpOHXiaabHOTO EMiTeNi0, CKyITYeHHs iIMyHOMO3UTHBHUX MOHOIMTIB, Makpodaris B JiIsSHKAaX KIITHHHUX iH(IIBTpaTiB mosa
MeXKaMU HOBOYTBOPEeHOi (hibpo3HOi TKaHWHH; TIO3UTUBHE 3a0apBICHHS SHIOTEII0 CyAUH, ITIOOAUHOKI HO3UTHBHI anbBeononutH 11 mopsaky. Ax100; Bx200
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Puc. 7. Mikponpemnapar nereni mypa. ExcriepiMenTanbHa acmipaniiina mHeBMoHis, 28-a no6a. Ctinka OpoHXiB HaOpsKIa, HEPIBHOMIPHO BHpaKEHUI
(i6po3; mepuBacKyIIpHE PO3POCTAHHS CIIONYYHOI TKAHUHH, B CTIHKAaX YaCTHHH CYAUH BiNK/IaJaHHS TialiHy; JUITHKY (GiOpo3yBaHHS JIEreHeBOi MAapEeHXIMH.
3abapBieHHsI — TEMATOKCUIIIHOM Ta eo3iHoM. Ax50; Bx200

Horo pycna. CTiHKa CyITMHHHUX CTPYKTYP CEPeIHbOrO Ta
JpiOHOTO Kajaibpy MOTOBIIEHA NEPEBAXKHO 33 PaXyHOK
HaOpsIKy, HEPIBHOMIPHO BHpaXkeHOTO (hiOpo3y, B UaCTHHI
CYIIUH — TiaJiHO3Yy.

[Tapenxima nereHsp 3 SIBUIAMU JTUCTEIIEKTA31B 3 aTe-
JIEKTaTHIHO 3MIHCHUMH IUISHKAMH, 3 30HAMH ITOBHOTO
MIEPEKPUTTS aJTbBEOISIPHUX MPOCBITIB; MIXKaJIbBEOJISIPHI
MIepeTHHKY HaOpAKIIi, iH}imETpoBaHi TiMdonnTamu, He-
BEJIMKOIO KUTBKICTIO HEUTPOPITLHUX JICHKOIMTIB, OTHAK
iH}LIBTpaIis MEHIIOT IITFHOCTI HiXK Yepe3 14121 neHs.
IMopsiza 3 muM cnocTepiraanch o3Haku GidpodIacTHIHOT
aKTMBHOCTI 3 HOSIBOIO (PiOPUIIPHOT CITKH Y IepeBakHii
O1IBIIOCTI MiXaJIbBEOJSIPHUX MEPETHHOK, IO CBiAYHU-
JI0 Ha KOPUCTH MpPOsBiB iHiNiansHOI (a3u kapHidika-
1ii JereHiB. Y anbBeoiiaXx HE3HAYHUH CEpO3HO-THIMHUI
ekcynar, HUTi GiOpuHy; em(pizeMaTo3HO ITUIATOBAHUX
QJTBBEOJT MEHIIIE 3a TUTOIICHO, IOPIBHSHO 31 TIONepeTHIMHU
nepionaMu. 30HHU a0CIIECiB MPAKTHYHO HE BU3HAYAIIHCS.
CnuzoBa 000JI0HKa OpOHXIB Ta OPOHXIOJT 3 0O3HAKaMH
HEPi3KO BUPAXEHUX JETCHEPATUBHUX MPOIIECIB, 3 Timep-
CEKPETOPHOIO aKTHUBHICTIO, 3 TIOJIIMH JIeCKBAMATUBHHUX
3MiH Ta HEBEIMKOO KUTBKICTIO 3MIIIIAHOTO 33 XapaKTepoM
ekcynary. [lepubpoHxianpHO Ta y 30HaX (PiOpO3HUX 3MiH
HAasIBHI JUISTHKU XPOHIYHOTO MIPOAYKTUBHOTO 3aMaIbHOTO
MPOLECy 13 PO3POCTAHHAM CHOJIYYHOI TKAHUHHU Pi3ZHOTO
ctynens 3piocti. OTke, MaTOTICTONIOTIYHA KapTHHA Ha
28 JIeHb CBiYMIIa PO PO3PIICHHS OPOHXOTHEBMOHIT 3
opraHizaieto y Bursizi Gpioposy nmapenximu ta $hidpo-
30M Ta JUISHKAMH TiaTiHO3y CYIHH.

IT'X 1 3 mapkepom anti-ACE2 Ha 28 100y crioctepe-
JKCHHS TI0Ka3aJI0 BIIHOBJICHHS IHTCHCUBHOCTI eKCTIpecii
6imky ACE2 y mopiBHSIHHI 3 KOHTPOJIEM 1 ITOTIEPEAHIMHU
TepMiHaMu nociimkeHHs (puc. 8). EmiTeniit OpoHxiB Ha
BCHOMY HPOT3i amiKajabHOi TOBEPXHI MaB iIHTEHCHBHY
EKIIPEeCiio y BUINISAL Maiixe Oe3nepepBHOi 00IsIMIBKY.
VY iHTepcTuUlii BiA3HaYanacs BeJIuKa KiIbKICTh KPYITHUX

MOHOHYKJICApPHHUX Ta MakpoQarajJbHUX KIITHH 3 IHTEH-
CHBHOIO eKcIlpeciero. BigMiueHa BupaxeHa eKcIpecis
B €HJIOTIONUTAX CYAHWH pi3HOTO Kamiopy. [lepeBaxkHa
OibIIiCTh anbBeoNouuTiB 11 mopsAaKy Manu iIHTEeHCHBHY
EKCTIPECito

Hamu, 3a pe3ynpraramMul KJIiHIYHUX CITOCTEPEIKEHD 32
TBapHHAMH, BU3HAYCHO ITOCTYIIOBUH PO3BUTOK TAKUX JIe-
TEHCBHUX CHMITTOMIB, SIK 33/IIIKa, IPOTPECYIOUN BOJIOTH
XPHITH, KpemiTamis, miano3. [latomopdonorigao Bu3Ha-
YEeHO HAaOPSIK, FeMOoparii, a 3rofoM — PO3BUTOK (ibpo3y i
kapHi¢ikarii nerens. L{i 3MiHM BKa3yBaal Ha PO3BUTOK
MIPOTATOM CIIOCTEPEXEHHs rOCTpoi MHEBMOHIi, 3 mepe-
XOJIOM Yy JiereHeBui ¢ibpo3. Y npiOHUX BUAIB IPU3YHIB
(XOM)SIKHM, MHII), AUKH TUIU SKUX 9yTIUBI 0 Bipycy
SARS-CoV-2, Takoxk crmocTepiratoTbCsl pecmipaTopHi
CHUMIITOMH, BKJTFOYQF0YH ITHEBMOHIIO, OJTHAK, BiJICYTHI Ti-
MTOKCEMIUHa TUXaTbHa HEJIOCTATHICTh, TUCQYHKIIIS [T03a-
JIETEHEBHUX OPTaHiB i JeTaJIbHICTH [7]. B *K0qHOT TBapuHH
He OyJI0 BUSIBIICHO IIUTOKIHOBOT Oypi a00 Koaryionarii.
OTXe, CIMIBCTaBICHHS KIIHIYHOT KAPTHHY JO3BOJIHIIO
MIPOBECTH IEBHI aHAJIOTI] y KIIHIYHIH Ta maroMopdoio-
riuHiil kaptuHi acmipaniitnoi Ta SARS-CoV-2-acomiiio-
BaHill MTHEBMOHI1 y TBapHH.

MikpockoIlidyHa KapTHHA JIETeHb IIPU 3aCTOCOBaHIH
eKCIIepUMEHTAaJIbHIH MOJIeNi CBiJUniIa PO PO3BUTOK
rOCTPOro OPOHXOJEreHEBOTO 3alaleHHs] IPOTATOM
MepIIOTO THXKHA, (OpMyBaHHS MEPUOPOHXIaTBLHUX Ta
AIBBEOJIIPHUX a0CIECiB Ha IPYrOMY THXKHI 3 TIOYaTKOM
PpO3pilIeHHs] OPOHXOITHEBMOHIT 3 OpTraHi3alliero adcIeciB
Ha TPETbOMY THXHI 1 PO3BUTKOM JAHQPY3HOTO (iOpO3y
MapeHXiMU Ta TialliHO3y CYJIUH Ha YEeTBEPTOMY THXKHI
crocTepexeHHs. PO3BUTOK acmupaIiiitHoi MHEBMOHIT 3
BBEJICHHSIM Kal[POHOBOI HUTKH, B IIiJIOMY, MaB ITOBLJIb-
HUU mepedir Ta He CYyIPOBOIKYBABCS TiMEPIMYHHOIO
peaxIi€ro, reMoparidyHuM 3aIajJeHHsIM Ta PO3BUTKOM
I'PJIC, sk 1ie Oyno moka3aHo JUIs HaTOJIOTiYHOTO MPOoIie-
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Puc. 8. Mikpomnpenaparu sereti trypa. [I'X/1 3 moxoknoHansHuM antutiiom 10 ACE2. ExcriepumenTanbHa acmipaiiiiHa mHeBMoHis, 28-a 1o6a. [HreHciBHa
JrQy3Ha eKCIpecis Ha alikailbHii MOBEpXHi OPOHXIaIBHOTO EMiTEi 0, BeNNKa KiIbKICTh KPYITHUX MO3UTUBHHX KIIITHH Y iHTEPCTHUILI], B MiXKaIbBEOIAPHUX
HepeTHHKAX, HO3UTHBHE 3a0apBICHHS CHAOTENII0 CYANH, TO3UTUBHI anbBeoonutH 11 mopsaky. Ax100; Bx200

cy y aerensix jgroguau 3 COVID-19 [8, 24]. Xoua mu i
OTPUMYBAJIM HAa PAHHIX TEPMiHAX BUPAKCHE EKCYTaTHBHE
3aIajeHHs, OHAK PEe3yJIbTaTH HE T03BOJIUIN BBAXKATH,
1110 BBEJCHHS KalIPOHOBOI HUTKH BUKJIMKAE TillepepridHy
IMYHHY BIAITOBI/Ib TIO TUITY «IIUTOKIHOBOTO IIITOPMY».

V martieHTiB, sSKi TOMEPIH BiJI TUXAIBHOT HEOCTAT-
Hocti mpu COVID-19, maio Mmiciie audy3He aibBeoIsp-
HE YIIKOLKSHHS 3 PSCHOIO TIEPUBACKYIIIPHOIO iH(LIBTpa-
niero T-miMponnTamMu, TOIl SK IPH JIETKOMY Iepediry
3aXBOPIOBaHHS MajO MICIe BaKKE €HIOTENiaNbHE YIII-
KOPKEHH:I Ta TIOUIKOJKSHHS KJIITHHHUX MeMOpaH [3].

YV Hamux AOCTiIKEHHAX MOKa3aHa HAasgBHICTH JHC-
Tpo(hiYHUX 3MiH aJIbBEOJISIPHOTO EMITENiF0, aKTUBHA JIM-
¢oinHa iHITETpaLis Ta HOPYIICHHS CYAUH MiKpOIUp-
KYJISITPHOTO pyciia MiXKaJIbBEOIIPHUX MepeTHHOK. OTxe,
MU CXHJIbHI BBaXKaTH, 1[0 MOJIENb €KCIICPUMEHTAIBHOT
acmipaIliifHoi THEBMOHIT 3 BBEJICHHSIM KalpOHOBOI HUT-
KH, BIITBOPIOE JICTKUH TIepedir MHEBMOHIT y XBOpUX Ha
COVID-19. HaromicTb, 111010 MOIETIOBAHHS JIETEHEBOTO
($i0po3y, 3acTOCOBaHA EKCIIEPUMEHTATBHA MOJIENE OyIia
JIOCHTB €(EKTHUBHOIO.

OCHOBHHM JDKEPENIOM IMyHOCTIEIU(pITHOTO 3a0apB-
nenHst Ha ACE2 y nereHsX TBapHH BUSIBUJIACA aIliKaJIbHA
MOBEPXHsI CIiTeNil0 OPOHXiB, Ie BOHA Maja BUIVIS Cy-
IBHOT 0OIsIMIBKH, anbBeosonutu 1 mopsaky, moonu-
HOKI MOHOIIUTHU Ta CyAWHHHUH eHJO0TeNild. AHAIOTI4HI
pe3yNbTaT y 1ypiB Oy OTpuUMaHi i y iHIIMX JOCITi-
JOKCHHSX: y iepudepiiiHuX anbpBeosiaX JOCUTh IHTCH-
CHUBHO 3a0apBIIOBaNncs aibBeojonutu 11 mopsaky Ta
eHjoremi [6, 21].

V momunau ekcnpecis 6iky ACE2 Oyia HaiBHIIO0O
y perioHax CHHOHA3aJbHOI IIOPOKHUHU Ta JIETCHEBUX
aJTBBEOII, MICIIX IepeadadyBaHoi BipyCHOI mepemadi
[19]. ¥V nerenesiii mapenximi 6inok ACE2 OyB BusB-
JeHUH Ha amikanbHil MOBEPXHI HEBEIUKOI KIIBKOCTI
KJIITHH aJIbBEOIAPHOTO emiTenito Tumy 1I, mpudomy BiH

He 3aJIeKaB Bij JiereHeBux ¢axtopis pr3uky COVID-19.
AmnikanpHuN po3nonin excnpecii ACE2 y emitenii au-
XaIIPHUX NUISXIB MiATBEPIKESHUH 1 y 1HIINX TOCITiIKEeH-
Hsx. Came Taka ocobnuBicTh ekcrpecii ACE2 cripusie
MIPOHUKHEHHIO Ta pO3MHOKEHHIO Bipycy [13].

VY Hammx nociimpkeHHsax ekcrpecist ACE2 na 71 14
o0y 3HMXKyBaacs i 30epiranacs y mOOIWHOKHUX KITITH-
HAax emiTelnito OpoHXiB Ta anbBeononurax Il mopsaky. Le
BiJIIIOBIJAJIO EKCIICPUMEHTAIBHIM JTAHUM 3 MHUIIIAY0I0
MOJIEJUTIO TOCTPOTO JIET€HEBOTO TOIIKOKEeHHs [ 14].

3a ganumu [I'X ], mpoBeneHOro y JtoeH, XBOPHUX Ha
COVID-19 Ta 3aruHyBIINX HA Pi3HUX CTaIisAX MOIIKO-
JOKEHHS JIereHb (ToCTpa eKCyIaTUBHA, MMirocTpa Iposti-
(beparuBHa Ta mi3HA PiOpo3HA), Oylia MPOJEMOHCTPOBaHA
npucyTHicTh ACE2 y momkomKeHnX aibBEOSIPHUX KITi-
trHax Il THIy, a TakoX y HOBOYTBOPEHHUX 1HTEPCTHITI-
aJpHUX Kamrgpax [5]. Y Bcix BUIaIKax BH3HAYAIHCS
MOIITKO/DKEHHS €HIOTEIi10, TPOMOO03 1 HEOaHTioTeHE3.

Bupakene nudy3He MOIIKOHKSHHS SHIOTEIIO pU
COVID-19 Bigmiueno # y iHmmx podorax [4], mo Bu-
3Ha4a€ TPMOOTEHHICTh FOTO 3aXBOpIOBaHHsA. J[o peui,
MOJIeNIb aCHipaliifHOT THEBMOHII T03BOJIIE OTPUMATH
BHUpaXCHY CHAOTENialbHy TUC(yHKLiI0 3 Juby3HUM
TpoMOOyTBOpeHHSIM. [IeBHA PO Y IbOMY MATOJOTI4-
HOMY TIpo1ieci Moxe Hanexaru HenoctarHocTi ACE2 ta
YTBOPEHHS aHTIOTCH3UHY 1-7 3 epeBakaHHAM IIPOTPOM-
Oorennux edekriB aHriorensuny II [4].

Bucoxka excripecis ACE2 BinmMideHa i y epuiuTax
MikpocyauH [11]. Hlupoke 3anydeHHs KIITHH CYIUH
MIKPOITUPKYJIATOPHOTO pycJia MOSCHIOE Tiep3araicHHs,
KOAryJIAIiio0, CYIMHHY AUC(hYHKIIII0, TpoMOoeMOomito. Y
HAIIUX JOCTIHKEHHIX BiIMIYEHO 301TbIIICHHS eKCpecii
ACE2 y MOHOHYKJICApHHX KIITHHAX Y JICTCHEBOMY iH-
TepcTuii Ha 7-y 100y 3 HACTYIHHM il 3HIKEeHHsM. HasB-
HicTb ACE2-iMyHONIO3UTHUBHOTO 3a0apBIICHHS IMyHHUX
kiituH iHTepetuuito (T-nimdoruris, Makpogaris, Hel-
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Tpo®imiB i, HaBiTh, PpiOpoOIACTIB) BiAMIUEHA U IHIIUMU
JociipkeHHs M [6, 9, 19].

VY npoMy TI1aHi MOXKHA BIZIMITUTH €KCIIEPUMEHTAbHI
JIaHi MMpo Te, 10 aHTI0TeH3UH 1-7 31aTHHIA 3MEHIITYBaTH
eKCIpeciro mpoTu3anaibHuX NuToKiHIB TNF-a Ta IL-6
Ta 301JIbIIYBATH EKCIPECI0 MPOTH3aNadbHUX IUTOKI-
HiB IL-4 ta IL-10 3a paxyHOK BIUIMBY Ha MOJIAPU3ALIiI0
Makpodaris M1/M2 [20]. BianoBigHo, 3011bIICHHS €KC-
npecii ACE2 y makpogarax iHTepcTHiio Ha 7-y 100y,
MOIJIO KOMIICHCYBAaTH IPOTH3AMNaNbHI e(DEeKTH aHTiOTeH-
3uny lI, Tozi SIK HACTYIHE 3MEHIIEHHS — BiIOUBAJIO MPU-
THIYEHH 11i€] 3aXUCHOT peak1ii. Y Oynb KoMy pasi OTpH-
MaHU# pe3yibTaT BKa3dy€e Ha HEOOXiTHICTh MOAANBIINX
JOCIHIPKeHB 3 An(epeHIiIOBaHHIM (EHOTHITy Makpoda-
riB y HanpsiMky M1 abo M2. Ane, Bxe Ha JaHOMY eTarll
CTa€e OYEBHIHNM, 1110 IpHUrHiueHHs ekcnpecii ACE2 mae
HETraTUBHE 3HAYCHHS, OCKIJIbKH TIbMY€E OOMEXYOUnit
KOHTPOJIb aHTI0TCH3UHY 1-7 Ha 3amajeHHs, npoiidepa-
IO Ta MIKPOIMPKYJISIIFO.

[Ipu COVID-19 take npurniueHHs ekcrpecii ACE2
OB’ SI3YFOTH 3 MPSIMOIO Hi€l0 S-0ijIKa Ta caMoro Bipycy
[18, 23]. Hami gani Ge3mocepenHbo MoKa3aiu, 0 HaBiTh
3a BiJCYTHICTIO BipycHoOI iH(ekuii, exciupecis ACE2 B
rocTpy a3y 3ananeHHs 3HIKY€EThCS, 110 € JOAATKOBUM
(haKTOPOM MOCHIJICHHS 3alaJIbHOTO MOIIKOMXKECHHS. Y
SKOCTI HailbinbI WMOBIPHOTO perymnsTopa excupecii
ACE2 moxe Buctynaru intepgeposn I [23], sxuit omo-
CEpenKOBY€e BPOIKEHY IMyHHY BiIIOBiIb IPOTH Bipyc-
HOT 1H(EKIiT MUITXOM MPSAMOTO 1HT10yBaHHS peruTiKarii
Bipycy [16]. BiH Takox MoB’s3y€ BPOMIKSHUN IMYHITET 3
aIaNITUBHUM IMYHITETOM TSI TOBTOCTPOKOBOTO 3aXHCTY
BiJl IOBTOPHHX BipyCcHUX iH(Dekii [16].

Ienna excnpecis ACE2 cTtuMyiIroeTbes IIOACEKIM
iHTepdEPOHOM, SIK in Vitro 3 BUKOPUCTAHHIM emiTei-
aJbHMX KIIITHH JUXaJbHUX IUISXIB, TaK 1in vivo: SARS-
CoV-2 Moxe MPUTHIYYBaTU iHTEP(PEPOHOBY PETYIALII0
ACE2 nns nocunenns indexuii [29]. OTxe, 3HWKEHHS
Bmicty ACE2 npu COVID-19, kpim 6e3mocepenHpol
Iii Bipycy, MOXke BiIOyBaTHCS 32 paXyHOK IIPUTHIYCHHS
inTepdepony Ta 3menmenHs excrnpecii ACE2 [25].

Ha 21-y no6y Hamu Oyno BU3HAYCHO BiTHOBIICHHS
excrpecii ACE2 y mopiBHSHHI 3 IToniepeHiMU TepMiHa-
Mmu. Excnipecis hepMeHTy BU3HAUYCHA Ha alliKaIbHIN 1O-
BEPXHI EITENI0 OPOHXIB, Y MOOTUHOKHX aTbBEOOIATAX
II Tumy, ermoTemnii CynuH, CKyITYSHHSIX MOHOHYKJIEapiB
y inTepctuii. L{i 3MiHN Manu 9iTKy TEHACHIIIIO 10 Ha-
pocrtaHHs Ha 28-y 100y, 0 CYMPOBOKYBAIOCS PO3-
pimeHHsIM OPOHXOITHEBMOHIT 3 Oprasi3aui€io abcuecis
1 po3BUTKOM Judy3HOTO hibpo3y mapenximu. Ha Ham
HOIJISA, TaKi PE3yJIBTAaTH MOSCHIOBAJINCS, 3 OHOTO OOKY,
CTYXaHHSM TOCTPHX MPOSIBIB 3allalieHHs 3 MePEeX0/IOM
fforo y crazito mposmideparii, a 3 iHIIIOT0, — IPOrpecyBaH-
HsM Tinokcii. [Toka3aHo, 0 y IEpBHHHKX €MiTeNliaIbHIX
KIITHHAX MaJIUX TUXANTbHUX IUIIAXiB mroguan MPHK
ACE2 Ta ekcripecis OiKa iIHAYKYBaJIUCS TIMOKCIEI0, Ta-
KOX y TIaIlieHTiB 3 TpuBaiauM nepedirom COVID-19 Bin-

MmiueHo 30inbmenHs ekcnpecii ACE2 B anbpBeononurax
tumny 11, mo Oyno iHayKOBaHO rinmokciero [22].

TakuM YUHOM, TIPOBEJICHE JIOCIIKEHHS ITOKa3aJ10
3B’S130K Mepediry TocTporo OpOHXOIETEHEBOTO 3ama-
JICHHS Y TIPOIIeCi PO3BUTKY €KCIIEPUMEHTAJIBHOI acIipa-
niiHo1 MHeBMOHI{ 3 ekcrpeciero ACE2. TTokaszano, 1o
eKCyHaTHBHA (Daza roCTPOTo 3aMalieHHs CYIPOBOIKyBa-
nacst mpurHideHHsM excripecii ACE2 y emitenionurax
OpoHXiB, ampBeononuTax Il mopsaky Ta cyimHHOMY €H-
norenii. [Ipu mepexoi 3amaneHHs y cTaaito npoiidepa-
uii ra ¢pi6po3yBanus excrpecis ACE2 BinHOBIIOBaacs.
BusiBneHi 3MiHM BKa3yBaJld Ha HasBHICThb (aKToOpiB pe-
rymsnii ekcnpecii ACE2 npu roctpomy 3amaneHHi, siki
BigpizHstoThes Big aii SARS-CoV-2 abo iioro S-Ginky.
Jo Takux ¢akTopiB MOXKE HaJIeKATH HEIOCTATHICTD iH-
IOyKuii inTephepony (paHHE MPUTHIYCHHS eKcIpecii) Ta
PO3BUTOK TiMOKCIT (CTUMYJIALLIS, IO BEJE 10 BiIHOBJICH-
HS aKTMBHOCTI) Ha Mi3HIX cTamisx. OcTaHHE HABOJIUTh
Ha JyMKy, [0 caMe Take BigHOBJIeHHS ekcrpecii ACE2
MOJKe OOYMOBITIOBATH XBHJICTIONIOHUH PEIHIUBYIOUNI
nepeOir iHdeKIil, OCKITbKU 301bIICHHS KUTBKOCTI OiJKa
ACE2 nipu 3aTyxaHHi TOCTPOTO 3anajieHHs CIpusie 3011b-
LIEHHIO 1H(IKyBaHHS KIITHH (emiTeNiouuTiB OpOHXIB,
eHjorednito 1 anpBeosnonuTis 11 mopsaaky).

BUCHOBKU

1. BBeieHHsI CTOPOHHBOTO TiNa (KAlpOHOBOT HUTKH) Y
Tpaxero J03BOJIMIIO 3MOJIETIOBATH TOCTPY OPOHXOITHEBMO-
HIO 3 IOCTYTIOBHUM PO3BUTKOM EKCYIAaTHBHOTO Ta MpoJtide-
PaTHBHOTO 3anajcHHs; (GopMyBaHHAM NEepHOPOHXIiaTEHIX
Ta aJIbBEOSIPHUX a0CIIECIB 3 IX OPraHi3alliero Ta PO3BUTKOM
Juy3HOTo (hibpo3y mapeHxiMH Ta TialliHO3y CyIUH.

2. ExcynarvBra (pa3a rocTporo 3amnancHHs CyIpOBOIKY-
Bastacs npurHideHHsM excrpecii ACE2 y emitemonuTax
OpoHXiB, anpBeoyonuTax 1l mopsiaKy Ta CymMHHOMY €HIIO-
tedii. [1pu mepexoni 3amaneHHs y crafito npodrideparii Ta
(hi6posysanns excnpecist ACE2 BigHOBIIOBasacs.
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AKTUBHOCTb AHTHOTEH3UH-IIPEBPAIAIOIIETO ®EPMEHTA-2 ITPU OCTPOM JIETOYHOM
BOCHTAJIEHMHN

3a6nuues /1.C., Ta0vik A.A., '3a61uyes C.B.

!Hayuonanvnwviti meouyunckutl ynusepcumem umenu A.A. Bocomonsya, Kues, Yxpauna
’Hayuonanvruil ynusepcumem 30pagooxpanenust Yxpaunvt umenu I1JI. [llynuka, Kues, Ykpauna

dzablicev8@gmail.com

AKTyaJIbHOCTh. AHrHOTeH3UH-TIpeBpammaronii pepmenT-2 (ACE2), KOTOpBIil SBIIsIETCS] BXOAHBIMU BOPOTaMH JIJIsl KOPOHABHUpYCa,
TAKKe SBISCTCS BYKHBIM KOMIIOHEHTOM TKaHEBOW PEHMH-aHTMOTEH3MHOBOM CHCTEMBI C PSJIOM IIPOTHBOBOCIIATUTEIBHBIX 3()(PEKTOB.
M3BecTHO, uTo ACE2 3Kcnipeccupyercst B JIETKUX MalMeHTOB ¢ KOPOHABUPYCHOM MHEBMOHUEHN, HO HE SICHO, KaK 9TO 3aBHCUT OT CTaui
Pa3BUTHS U BBIPAKEHHOCTH BOCTIAJICHHSI.

Ienpb — yCTaHOBUTH BIMSHHUE OCTPOTO BOCTIANICHUS HAa JTETOYHYIO SKCIIPECCHIO AaHTHOTEH3HH-TIPEBPAILAIOIEro epMeHTa-2.

Marepuan u metoabl. Kpeicam nmuanu Bucrap (n=20) ¢ cobirofeHreM OHOITHYECKHX HOPM OBLIO MPOBEICHO BBEJCHUE B TPAXEIO
CTEePIJIBHOM KalPOHOBOM HUTH JUTHHOH 2,5 cM U TommuHoit 0,2 MM Ha m1yOouHy 2,5 cM. JKUBOTHBIX HAOIOIAIH U BBIBOIIIH U3 IKCIIC-
pumenTa Ha 7, 14, 21 n 28 cyTKH, IPOBOAMIN MUKPOCKOIMYECKAE ¥ HIMMYHOTHCTOXHMHUYECKHE (MOHOKJIOHAIBHBIE aHTHTENA [IPOTHB
ACE2; clone 4G5.1; EMD Millipore Corporation; Temecula, CA US) uccienoBanusi.

Pe3yabTarsl. MUKpOoCKOIMUECKasi KapTHHA JIETKUX CBUIETENBCTBOBANA O PA3BUTHH OCTPOTO OPOHXOIETOYHOTO BOCTIAJICHUS B Te-
4YeHHe TepBoi Hezmenu, GOpMHUPOBAHIE MEPUOPOHXMUANBHBIX U albBEOIAPHBIX a0CIIECCOB Ha BTOPOIl HeJene C HavyalaoM pa3pelIeHHs
OpOHXOITHEBMOHHUHM C OpraHu3alel abcueccoB Ha TpeTheil Hezene u passutieM Aud@dy3Horo pudpo3a napeHXUMbl 1 THATNHO3A COCY-
JIOB Ha YETBEPTOI HesleNe HaOMCHUS . DKCCyIaTHBHAS (ha3a 0CTPOro BOCMATICHUS COMPOBOXKIaIach yraeteHreM aktuBHocTH ACE2 B
snUTENnoHUTaX OpOHXOB, anbBeosonurax Il mopsaka u cocynucroM sunorenuu. [Ipu nepexone BocnaaeHus B CTaUI0 Nponndepann
u pudposuposanus aktuBHOCTE ACE2 BoccTaHaBIMBaNach.

BriBoa. O6HapyxenHoe (azHoe n3meHeHne aktuBHOCTH ACE2 MokeT 00ycI0BINBaTE BOITHOOOPA3HOE PEIHNBHPYIOIIEE TeUCHNE
KOPOHABUPYCHOM MH(EKINH, NOCKONbKY yBennueHue xonmdectsa Oenka ACE2 mpu 3aTyXaHWM OCTPOTO BOCHANICHHS CHOCOOCTBYET
YBEJIMYEHHIO HHOUIMPOBAHUS KIICTOK-MHILICHEH.

KuroueBble ciioBa: SKcriepiMeHTalIbHAS OPOHXOITHEBMOHHSI, aHTHOTEH3HH-TTPEBpaIaomnii pepMeHT-2, UMMYHOTHCTOXUMUSI.
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Relevance. Angiotensin converting enzyme-2 (ACE2), which is the gateway to coronavirus, is also an important component of the
tissue renin-angiotensin system with a number of anti-inflammatory effects. It is known that ACE2 is expressed in the lungs of patients
with coronavirus pneumonia, but it is not clear how this depends on the stages of development and the severity of inflammation.

Objective: to establish the effect of acute inflammation on pulmonary expression of angiotensin-converting enzyme-2.

Material and methods. In Wistar rats (n=20), in compliance with bioethical standards, a sterile nylon thread 2.5 cm long and 0.2
mm thick to a depth of 2.5 cm was introduced into the trachea. The animals were observed and removed from the experiment at 7, 14, 21
and 28 days, microscopic and immunohistochemical (monoclonal antibodies against ACE2; clone 4G5.1; EMD Millipore Corporation;
Temecula, CA US) studies were performed.

Results. The microscopic picture of the lungs indicated the development of acute bronchopulmonary inflammation during the first
week, the formation of peribronchial and alveolar abscesses in the second week with the onset of resolution of bronchopneumonia with
the organization of abscesses in the third week and the development of diffuse fibrosis of the parenchyma and vascular hyalinosis in the
fourth week of observation. The exudative phase of acute inflammation was accompanied by inhibition of ACE2 activity in bronchial
epithelial cells, type II alveolocytes and vascular endothelium. With the transition of inflammation to the stage of proliferation and
fibrosis, ACE2 activity was restored.

Conclusion. The detected phase change in ACE2 activity can cause a wavy recurrent course of coronavirus infection, since an
increase in the amount of ACE2 protein during attenuation of acute inflammation contributes to an increase in target cell infection.

Key words: experimental bronchopneumonia, angiotensin-converting enzyme-2, immunohistochemistry.
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OLIHKA JIKYBAJIBHOT'O EOEKTY KOMBIHOBAHOTI' O
3ACTOCYBAHHA KPIOKOHCEPBOBAHOI'O EKCTPAKTY IIVIAIEHTH
TA JUKJIO®EHAKY HATPIIO IIPU EKCIIEPUMEHTAJIBHOMY
PEBMATOIJTHOMY APTPUTI 3A TEMATOJIOITYHUMUA
IHOKAZHUKAMMA
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IHcmumym npobnem kpiobionoaii i kpiomeouyunu Hayionanvroi axademii nayx Yxpainu,
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AxTyaabHicTs. KpiokoncepBoBanuii ekcrpakt uianeHtd (KEIT) migBuirye cTidKicTh cm30B0i 000JOHKH IUTYHKOBO-KHIIIKOBOTO
TPaKTy 0 IONIKOKYI0U01 Aii HecTepoigHux mporu3anaibHux 3aco0iB. [Ipesentusre BBenenus KEII mocnabiroe ynblieporeHty Jiro
MelloKcuKamy, i0ynpodeny, nuknodenaxy Harpiro (JJH) ta in. HasBri nani npo BracHy nporusananbHy aktuBHicT KEIT, mo moxe Bia-
JI0 TIOEJHYBATHUCH 13 (PapMaKOJIIOTIYHUMHI BIACTUBOCTSIMH HECTEPOiTHUX MPOTU3AMAIBHUX 3aC001B, ITOKPAIIYIOYH P ILOMY X Mpodiis
6€3MeYHOCTI.

Hiab: oxapakrepusyBaTy JIiKyBajbHY aKTUBHICTb KoMOiHOBaHoro 3actocyBanHsi KEIT ta JIH 3a naHuME reMaToI0ri4HUX MOKA3HH-
KiB Ha MOJIETII €KCIIEPHUMEHTATIBHOTO peBMAaTOiIHOTO apTputy (PA).

Marepiaan Ta Metoau. JlociipkeHHs TpoBezieHi Ha 28 HeniHiiHKUX TaboparopHux mypax. [llypis po3nimmmm va 4 rpymu: I (n=7) —
inTaktHi mypu; 11 (n=7) — mypu 3 ekciepumenTtansauM PA; 111 (n=7) — urypu 3 excriepumentansaum PA, mikosani IH; IV (n=7) — mrypu
3 excriepuMenTanbHuM PA, mikoBani JIH Ta KEII. Ax’toBaHTHHI apTpUT MOJETIOBAIH LUISXOM CyOIUTAHTApPHOTO BBEICHHS MOBHOTO
ayn’roBanty Opeitnza. JlikyBanus nposoawiu 3 14 mo 28 nens. KEIT BBognmu Ha 14, 17, 20, 23 Ta 26 nui, TH — mozaenno. JocnimkeHHs
KPOBi MPOBOAMIH Ha 28 100y EKCIICPHMEHTY.

PesyabTaTn. Kombinosane 3acrocyBannst KEIT ta JIH cynpoBomkyeThest OUTBII BUpPA3HUM HiBEIIOBAHHSIM O3HAK 3allaJIeHHs 3 OOKY
TeMaToJIOTIYHNX [TOKA3HHUKIB — MIBUIKICTB 3CITaHHS €PUTPOIUTIB 3HI3MIACh HA 72,2 % (p<0,001), a KUIBKICTh JTEHKOIUTIB 3MEHIIIAIACH
Ha 54,8 % (p<0,001) BiTHOCHO MOKa3HUKIB IIypiB 3 aJ IOBAHTHUM apTpuToM Oe3 JikyBaHHA. BinOymaocst HiBeIIOBaHHS O3HAK aHeMil
XPOHIYHOTO 3amaneHHs — piBeHb TeMOII00iHy Ta epuTporuTis 30inbmmBes (p<0,001) va 17,6 % 1 36,8 %, BiAMOBIAHO, IIO/I0 TOKA3HHKIB
HIypiB 3 a/1’ OBAHTHUM apTPUTOM O3 JIiKyBaHHSL.

BucnoBku. Kom6inosane 3acrocyBanus KEII Ta JIH nepeBaxae 3a jikyBaJbHOIO aKTHBHICTIO MOHOTEPAIIiI0 BKa3aHUM HECTEPOII-
HHM IIPOTH3AIAILBHAM HPErapaToM eKCIepHUMEHTAILHOTO PEBMATOITHOTO apTPUTY.

KurouoBi c10Ba: KpioKOHCEpPBOBAHHH EKCTPAKT IUIALCHTH, JUKJIO(EHAK HATPiI0, HECTEPOIqHI NPOTH3aMaIbHI 3ac00H, aHeMIst Xpo-

HIYHOTO 3aIlajCHHS.

AKTyanbHicTb. Y cBiTi peBMaroinnuit aptput (PA)
Mae HerepeciyHe MEeAUKO-COLliajibHe 3HAUYeHHS, OCKUTBKI
3a BIICYTHOCTI €()eKTUBHOTO JiKyBaHHS NPU3BOAUTH 10
IIBUJIKOT 1HBATIIM3AlIi1 Ta CKOPOYEHHS TPUBAIOCTI KUTTS
namnienTis [ 1, 2]. B Vkpaini nomupenicts PA cTanoBUTH
340 pumnazkiB Ha 100 THC. ZOPOCIOTO HACEIECHHSI, TPUYO-
My XBopoOa Bpakae IepeBakHO JIFOACH Mparie31aTHOro
BiKky (20-50 pokiB), 110 PU3BOIUTH JIO YacToi 1 TpUBa-
noi rocmitainizanii. JlikyBanHs xBopux Ha PA Mae Oytn
KOMILTEKCHIM 13 3aCTOCYBaHHSM PI3HUX IPYI JIIKAPCHKUX
3ac00iB, JIOKAIBHOI Teparii, eKCTPaKOPIIOPATBHAX Me-
TOIB Teparii, a 32 HeOOXiTHOCTI — XipypriYHOT KOPEKIiT
Ccyro0iB, MEJTUYHOI 1 comianbHO1 peadiniTarii [3, 4, 5].

Ha cphoroanimHiii 1eHb B JiKyBaHHI XBOpUX Ha 3a-
XBOPIOBAHHS KiCTKOBO-M SI30BO CHCTEMH Ta CHOJYYHOT
TKaHUHH, 30KpEMa apTPHUTIB — OCTEOAPTPUTY, CITOHIIIIO-
aptputy, PA Ta iH., IIUPOKO 32aCTOCOBYIOThCS HECTEPOINH1
nporuzananbhi 3acoou (HI133). Lle 00yMoBiIeHO yHIKAIb-
HUM MOE€JHAHHIM IPOTH3AMAIBHOTO, 3HEOOII0I0YO0TO,
YKApO3HIKYIOYOTO Ta aHTUTPOMOOTHYIHOTO e(PeKTiB, SKi

BAAJIO NMEPEKPUBAIOTH MPAKTUYHO YBECh CIIEKTP CUMII-
TOMIB, SIKi XapaKTepHi JJIs1 PeBMAaTUYHUX 3aXBOPIOBAHb.
Ipore, y Bcix npencraBuukiB HII33 e cyTTeBuii He-
JIOJIK, SIKMH 3HAYHO 3HIDKYE iX TepaneBTUIHUIN MOTECH-
iaJl, — MOXKJIUBICTh PO3BUTKY «KJIAC-CIIEIH(DITHIX)»
HebaxaHuX peakiliit [6, 7]. Bimomo, o mobiuni edextu
HIT33 31e6inp1m0ro 00yMOBIICH] IPUTHIYEHHSM i30(ep-
MeHTy nukiookeurernasu (L{OIN) mepmioro Ty, BHACTI-
JIOK YOTO OPYIIYETHCS CHHTE3 MpocTarianauHiB E2 ta
12, mo o0yMoBIIOE iX yNBIEPOTEHHY Mif0 HA IUTYHKO-
Bo-kumikoBuil TpakT (IIKT), mopymenns kiry6odkoBoi
¢inpTparii Ta cexpenii peniny Ta in. Kpim Toro, iHrioy-
BaHHs LIOT -nuisaxy Metaboni3my apaxilloHOBOi KUCIIOTH
BUKJIUKA€ TiIEPaKTUBALIIIO JIIMOOKCUTEHA3HOTO Ta, SIK
HACJiJ0K, — TINEPIPONYKIIiIO JIEHKOTPI€HIB, SIKi 37aTHI
BUKJIMKAaTH OPOHXOCTA3M Ta 1HIII peakuii rinepaynBo-
CTi, iHT10yBaTH CHHTE3 TpOMOOKCcany A2 i, BIIIOBITHO —
BUKJIMKATH IiIBUIICHHS PU3HUKY PO3BUTKY KpoBOTeY [8].
OCKUTBKHY MTepeBakHA OUTBIIICTh XBOPHX HA PeBMa-
THYHI 3aXBOPIOBaHHS MOTPeOy€e TPUBAJIOTO a0 MOXKUT-
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TeBOro 3acTocyBanHs HII33, a KiTbKICTh TaKUX XBOPUX
MPOTPECUBHO 3pOCTAE Yepe3 TCHICHITIIO /10 MOCTAPiHHS
HaCceNeHHs, TO pobieMa MoKpalieHHs npodiaro oe3mned-
HOCTI BKa3aHHX NIPETapaTiB MPUBEPTAE BCe OLIBIITY yBary
JOCITITHUKIB Y BChOMY CBiTi [9]. Halizarpoznusimmm 3
ycix Hebaxanux peakiiii HI133 mo npaBy BUCTyMHae ix
TOKCHYHA Jiist Ha cinu3oBy o0ooHKy LIIKT. Bigomo, 1o
3actocyBanHs HI133 migBumIye pusmuk epo3nBHO-BUPa3-
koBuX yuikomkeHb LIKT y 2-5 pasu, a pusuk nepdopartii
abo xpoBoteu —y 8 pasis [5, 6].

VY saxocTi 3aco0y, CIPOMOXKHOTO IiABUIIYBaTH CTii-
KicTb cnu3oBoi obomonku HIKT mo momrkomkyro4oi mii
HII33, Haury yBary npuBepHYB BITUH3HSHHN 610TEXHO-
JIOT14HMH 3aCi0 — KPiIOKOHCEPBOBAHMI EKCTPAKT IUIAIICH-
ti (KEII) monnuu, sikuit Oy10 CTBOPEHO HayKOBLSIMU
IacTuTyTY IpobneM kpiobiosnorii i kpiomenumpaN Hartio-
HanbHOT akanemii Hayk Ykpainu (ITTKiK HAH Vkpaiawn).
[MonepenHi MOCTiKEHHS MOKA32JIH, 0 TPEBECHTUBHE
BBezieHHs: KEIT Moyke ociabimoBaT yiblieporeHHy JIito
MeJoKcHKamy Ta iH. [9]. B Toit xxe Jac B yiTeparypi Ha-
SIBHI JIaHi PO BJIaCHY NpoTH3ananbHy akTUBHICTE KEI,
IO MOXKE BJIAJIO MOETHYBATHUCH 13 (papMaKoIOTiYHUMHU
BrnactuBoctssmMu HII33, mokpauiyrouu npu Tomy Horo
npodiss OE3METHOCTI.

Hinab: oxapakTepusyBaTu JiKyBaJbHy aKTUBHICTb
KOMOIHOBaHOTO 3aCTOCYBaHHSI KPiOKOHCEPBOBAHOTO
eKCTPAKTy IUIAIICHTH Ta AUKIO(EHAKY HaTpilo 32 JTAHIMHU
reMaTOoJIOTIYHUX MTOKa3HUKIB HA MOJENI eKCIIEpUMEH-
TAJEHOTO PEBMATOiTHOTO apTPUTY.

MATEPIAJIN TA METOU

ExcrniepuMeHTasbHI JOCITIKSHHS in Vivo TIpOBeeH1
Ha 28 HeTHIMHUX JTA00PaTOPHUX IIypax-CaMIIIX Macor
200-220 T, siki yTpuMyBaHCh B yMoBax BiBapiro ITTKiK
HAH Vkpainu, po3nineHux Ha 4 Tpymu:

I — igTakTHi mypu (n=7);

II rpyna (koHTpOBHA TpyIa) — IIYPH 3 EKCIICPUMEH-
tajgbHuM PA (n=7);

III rpyna (n=7) — mypu 3 eKCIepUMEHTaIbHIM PA,
JiKoBaHi AuKkiogpeHakoM Harpiro ([IH);

IV rpyna (n=7) — mypu 3 eKciepuMeHTaIbHUM PA,
nikoBani JIH Ta KEIL

Mooens xponiunozo imynnozo sananenns. J{ns Big-
TBOPEHHS YMOB BBeZicHHs 1ypam HIT33, BiamoBigHuX ix
KIHIYHOMY 3aCTOCYBaHHIO, HAMH OyJI0 00paHO MOJCITh
ekcriepuMeHTaIbHOTO PA — an’toBanTHui apTput (AA)
y IypiB, fKka Ma€ Bci MOpDodyHKIIIOHATBHI 03HaKH PA
Ta CYNpPOBOJIXKYETHCS TUIIOBOIO PEaKI[i€(0, OCHOBHOIO
JIAHKOIO K01 € T-KIIITHHHUH IMyHITET. AA MOJICIIOBAIH
IULSIXOM CyOIIAaHTAPHOTO BBENICHHS IOBHOTO a7 IOBAHTY
Opeiinna (ITAD) (Thermo Fisher Scientific, CIIIA) B
3aJ(HIO MIpaBy KiHLIBKY 3 po3paxyHKy 0,1 mm Ha mrypa
[10]. ITA® Bmimye Bakuuny BIIK (BCG — Bacillus
Calmette-Guerin), abo Tonicaxapuan, OTpUMaHi 3 MiKo-
OakTepiit TyOepKyb03y (Mycobacterium tuberculosis),
CKJIQJIHI )KHPHI KUCIIOTH (JIEPUBATH JIAHOJIIHY), Ol Ta

emynberatop y cmuiBeigHomenHi: 10 ma ITAD = 5 mn
0e3BOZHOTO JaHOJiHY + 15 Mu BazeniHoBoi omii + 50
Mr BOuTOI HarpiBanHsaM BakuuHu B1DK. Bukopucranus
[TAD crpusie iHAYKILIT TiIePUyTINBOCT] yIIOBITEHEHOTO
TUIY Ta PO3BUTKY ayTOIMyHHHX TporieciB. [ocTpa ¢aza
3aMajbHOTO ayTOIMYHHOT'O ITPOIIECY TpUBaE 0 14 1oowu,
JlaJl CIOCTEepiraeThes reHepanizariis (abo manigecra-
mist) AA, 10 XapaKTepU3y€eThCS PO3MOBCIOKCHHAM Ha-
OpSIKIB Ha YUCJICHHI CYyDIOOH, B TOMY YHCII — CYIJI00H
KOHTPJIATEPaNbHOT JalK, YPaKeHHSIM PI3HUX OpTraHiB
Ta cucTeM, MposBaMu MOPPODYHKIIIOHAIBHUX 3MiH. 3
28-30 no6m BigOyBaeThCs XPOHi3allisg 3aalbHOTO MPO-
uecy. /leHp BBe/leHHs aJ’ FOBaHTY BBaKasu sIK «0» neHb
EKCTICPUMEHTY.

Pescum 3acmocysanus i 003y8antsn 00CAIOHCYBAHUX
npenapamis. JlikyBanHs AA mpoBonuioch 3 14 mo 28
neHnb. [Ipenapar KEIT «Kpiomemn-kpioekcTpakT mia-
neHT» (I « MiXBiTOMYN HAYKOBUW IIEHTP KPioOi-
OJIOTIi 1 KplOMEAWIIMHNY», YKpaiHa), 3TiTHO 1HCTPYKIIIT,
3aCTOCOBYETHCS y MAIi€HTIB HapEHTEPATIBHO B pas3o-
Bilt mo3i 1,8 mu. BiamoBigHo pa3oBa mo3a Juis mypiB
craHoBuTh: (1,8 mi / 70 kr) x 6,35 = 0,16 Mi/kr Macu
tina [10, 11]. [lepen 3acrocyBanHsaM npenapary «Kpio-
LEJJT-KPIOEKCTPAKT TIAlleHTH» pa3oBy 103y (0,16 mMi/kr)
EKCTEeMITOpaIbHO (eX tempore — 3a MOTpedoI0) PO3BOIH-
m 'y 0,9 % pozunni NaCl (Japauns, Ykpaina) 3 po3pa-
xyHKy 0,1 M1 0,9 % NaCl / 100 r macu Tina Ta BBOAWIN
BHyTpimHboM 513080 (B/M). KEIT o 0,16 mu/kr Macu Tina
BBOJMJIM B/M 3 iHTepBaJIOM 2 aHI (YChOTO 5 iH’€KIIIN),
Bignosiguo Ha 14, 17, 20, 23 ta 26 aHi, 10 BiAIOBIAAIO0
THCTPYKIIIT 10 HOro KJIIHIYHOTO 3aCTOCYBaHHS — B/M 10
1,8 mu1 3 inTepBasioM 2-3 106H Kypcom 1-5 i1’ exriii [12].

Juxnodenax Harpiro (3mopoB’s, Ykpaina) BBOAMIH
LIOICHHO BHYTPINIHBOIUTYHKOBO (B/IILT) B 1031, KA J10-
piBHioBana EJ[50 3a mpoTH3amanbHO0 aKTUBHICTIO — 8
MI/KT Yy BUIJISAL eMyiibcii Ha nosticop6ari Twin-80 [13].
3a3HadeHa [103a BiAMOBiae pa3oBiil 1031 IS JTIOIUHU
88 mr (1,25 Mr/Kr), M0 Y3TOMKY€EThCS 3 KIIHIYHUMHU
peKoMeHamisiMu 1po Bukopuctanusa JI{H y xBopux mo
75-100 mr/moOy mpu Horo TpUBAJIOMY 3aCTOCYBaHHI Ta
y 1,7 pa3u HIKYE 3a HOTO MaKCUMaJbHY JTOOOBY 103y
150 mr [13].

Ha 28 noOy TBapyH BUBOAMIIH 3 €KCIICPUMEHTY. 3pa3-
KM 3MiIlIaHO1 (BEHO3HOT Ta apTepiaibHOT) KPOB1 Micis
JICKAITITaIlil TBAPHH BiIOUPAIH Y TPOOIPKH 3 TIONIEPETHHO
BHECCHHMM aHTHKOATYIITHTOM (IBOX-3aMIIIEHOI0 Kaiii-
HOIO CLITIO €THJICH-11aMiHO-T€TPAOLTOBOI KUCIOTH —
K2 EDTA). I'emaronoriuai JoCai)KeHHS IPOBOIUIN
13 BU3HAUEHHSIM HACTYIHHUX MTOKa3HUKIB: EPUTPOLUTH
(x1012/1;), remornoOin (1/1), TpomOboumTH (X109/7),
mBHAKICTB 3cigans eputpouuTiB (ILIOE, mm/ron.), nei-
xorutH (%109/1) 3 neiikonurapHoto hopMyIoro (TpaHy-
JIOLUTH, JTIM(OIIUTH, MOHOIIUTH, %).

bioemuuni acnexmu oocnioxcenns. Bel ekcriepuMeH-
TalbHI TOCITIDKEHHS HaJl Ja00OpaTOPHUMHU TBapUHAMHU
BUKOHAHO 3 YpaxXyBaHHSM BHMOT HAJISKHOT Ta00paTopHOT
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npaktuku «GLP» (Good Laboratory Practice), BinoOpa-
JKEHHX B HacTaHOBI «JIikapceki 3acodn. HanexxHa mabopa-
TOpHA MPaKTUKa», 3aTBepkeHoi Hakazom MO3 Ykpainu
Ne 95 Bin 16 arororo 2009 p. i 3 TOTpUMaHHSAM OCHOBHUX
nonoxxeHb Konsentlii Pagu €Bpornu nmpo oxopoHy Xpe-
OETHHX TBapHH, M0 BUKOPHCTOBYIOTECS B EKCIICPUMEH-
Tax Ta B IHIIWX HayKOBUX IIAX, Bix 18 Oepesns 1986
p., AupextuBu €Bpomnetickkoro napnameHty ta Pagu €C
2010/63/€C Bix 22 Bepecus 2010 p. Ipo 3axXHCT TBAPHH,
SIKi BUKOPHCTOBYIOThCS JJ1s1 HayKOBUX wineid, Hakazy MO3
Yipainu Ne 944 Big 14 rpynus 2009 p. «IIpo 3arBepmxeH-
11 [TopsiiKy mpoBeeHHS JOKIIHIYHOTO BUBYCHHSI JTiKap-
CBKHX 3aC00iB Ta €KCIEPTU3U MaTepialiB JOKIIHIYHOTO
BUBYCHHSI JIIKAPCHKUX 3ac00iBY, 3aKkoHy YKpaiHu Bif 21
mrotoro 2006 p. Ne 3447-1V «IlIpo 3axucT TBapHH Bif
’KOPCTOKOTO TOBOKEHHS». J{0 MOYaTKy eKCIepuMeHTy
IIypH BIpoJoBxk 14 ni6 nmepebyBanu B yMOBax KapaH-
tuny (Haka3 Ne 755 Bing 12.08.1997 p. «CtpykTypa Ta
YTPUMaHHS €KCIIEPUMEHTAILHUX O10JIOTIYHUX KITIHIKY),
MICJIS YOTO MPOBOAMIACH PAHIOMI3allisl Ha TPYIH 1O 7
0COOHMH B KOXKHIH 13 TOJaNbIINM YTPUMAaHHIM B YMOBaX
CTaHJApTHOTO BOAHO-Xap4oBoro pauiony (Haka3 Ne 163
Big 10.03.1996 p. «IIpo 1060Bi HOpMHU TOAYBaHHS J1a0O-
PaTOPHUX TBAPUH Ta MPOAYLICHTIB») 3 BUIBHIM JOCTYIIOM
(ad libitum) no Boau ta ixi [10].

KommiekcHy nporpamy JOCTiKeHb PO3MISHYTO Ta
noromkeno Komitetom 3 6ioetukn nipu I[IIKiK HAH
Vkpainu (IIpotokom Ne 2 Bix 11 6epesns 2020 p.).

Cmamucmuyna obpobxa pe3ynomamig. CTaTUCTHIHY
00poOKy ofiep>kaHHX Pe3yIIbTaTiB MPOBEICHO 3 BUKOPHC-
TaHHSM MPHUKIATHOI TPOTPaMu sl poOOTH 3 eIeKTpo-
aHuMu Tadbmrsamu «Microsoft Office Excel 2003; 2013»
(Microsoft Corporation, CLLIA) 3a TOOMOTOIO PO3IIAPCH-
us1 «Real Statistics» (http://www.real-statistics.com/). Ouin-
Ky XapakTepy pO3IOALTy BEIMYHMH B KOXKHIH rpyIi BUOIpKO-
BOi CYKYITHOCTI IPOBOJIMIIN 3 BUKOPUCTAHHAM W-KPHTEPItO
[Manipo-Binka (Shapiro-Wilk test, n < 50). OqHOpiIHICTH
JwcTiepcii BU3HaJaim 3a kputepieM JleBeHa (Levene s test).
J1 OIiHKY 3HAYYIIOCTI BUSABJICHUX BIIMIHHOCTEH J10-
CITi/DKyBaHMX TIOKA3HHKIB 32 PI3HIX YMOB EKCIIEPUMEHTY
TIPOBOIIVIIN CTATUCTHIHIN aHAII3 3 BUKOPHUCTAHHM Iapa-
METPHYHUX 200 HeTlapaMeTPUIHHUX KPUTEPIiB.

[Tpu HOpMaTbHOMY PO3TOALTI He3aJIC)KHUX BETHYNH
BIJIMIHHOCTI Mi>K TpyTIaM¥ BU3HAYAJIH TIOTIAPHO 3a t-KpH-
tepieM Cr’ronenra. [Ipu HeHOpMaTEHOMY PO3IOILTI IPH-
HaWMHI OfHIET 3 TPYTT HE3aJIS)KHUX BEJIMYWH BiIMIHHOCTI
MiX HUMH BH3HAYQJIM MONAPHO 32 HEMapaMeTPHYHUM
panroBuM U — kputepieM ManHa-YitHi (Mann-Whitney).

BiporigHicTs BiAMIHHOCTEH MiX BiJICOTKOBUMH 4acT-
KaMH SIKICHUX ITapaMeTpiB B aJbTepHATHBHIN (popmi Bu-
3HAYaM 32 3HaUCHHSIM F-KpUTepito KyTOBOTO MEepeTBO-
perns @imepa (F-test). OTpuMaHi 3HAYESHHS TOPiBHIO-
BaJIM 3 KPUTUYHUMH 3HAYCHHIMH TPH PiBHI BIPOTiTHOCTI
Bute 95,0 % (p < 0,05) ta Bume 99,0 % (p < 0,01).

udpori naHi y pa3i HOpMAIBHOTO PO3MOALITY Be-
JUYMH HaBeneHi y Bunisaai M+m (M£SE), ne M — ce-

penHe apudmernuHe 3Ha4eHHA, m (SE) — cTannaptHa
noxubka cepeHbOro apupmernyHoro, abo M (95 %
AL: 5% — 95%), ne 95 % JI: — 95 % nowipuwmii iHTepBaI
(Confidence interval — CI). IIpn HeHOpMaTEHOMY PO3IIO-
JIUTI OTPUMAaHUX BEJIMYHH JaHi PEACTABICHO Y BUITISI
Me [LQ; UQ], ne Me — meniana, [LQ; UQ] — BepxHs
Mexa HIKHboTO (Tepioro) kBaptuis (lower quartile
— LQ) Ta HImKHS MekKa BEpXHBOTO (TPETHOTO) KBAPTHIIS
(upper quartile — UQ) [10].

PE3YJIBTATHU TA IX OBGTOBOPEHHSA

Ha 28 neHb ekcIiepuMeHTY Ha TITi PO3BUTKY CHCTEM-
HOTr0 ayTOIMYHHOTO 3allaJIeHHs Y IIypiB BiIMi4€HO cTa-
TUCTU4YHO Biporigne (p<0,001) spocranns LHIOE y 4,5
pasH, Ta KiIbKOCTI JIeHKouuTiB y 2,4 pa3u BiAHOCHO MHO-
Ka3HUKIB IHTaKTHUX IrypiB. Lli mOKa3HUKM CTaHOBUIH
Bignosiguo 18,0 [15,5; 22,5] mm/rox ta 16,4+0,9 x109/n
(puc. 1, 2).

Momnotepartist IH npu3sBena 10 CTaTUCTUYHO BipoOTiJI-
Horo (p<0,01) 3amkenns LLIOE na 50,0 % Ta kimpKocTi
neikonutiB Ha 29,4 % (p<0,01) BiZHOCHO MOKAa3HUKIB
IIypiB KOHTPOIBHOI rpynu. KoMOiHOBaHE 3aCTOCYBaHHS
JIH Ta KEII npu3Beno 10 HaWBUpa3HIIIOi perpecii rema-
TOJNIOTIYHHX TOoKa3HUKIB 3amanenHs — [IIOE 3au3mmace
Ha 72,2 % (p<0,001), a KinbKicTh TEUKOLUTIB — 3MEHIIIU-
nach Ha 54,8 % (p<0,001) BiZHOCHO MOKa3HUKIB LIyPiB
3 AA 6e3 nikyBaHHS (pHc. 1, 2).
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Puc. 1. Bruus /IH Ta iioro xomo6ianii 3 KEIT Ha IIIOE B nepudepuunii
KpoBi y mypiB 3 AA Ha 28 100y eKCIepUMEHTY

IIpumimku. Po3noodin éenuuun nenopmanvruil. Bokcu exio-
uaroms pesyromamu 6i0 25-20 0o 75-20 nepyenmunio, éep-
MuKanoHi Ninii 3a medxicamu OOKCi6 — MiniManbHe ma Mak-
cumanvhe snavenns. Iopusonmanvua ainis 6cepeduni 60k-
cy — mediana (W — mediana oopisnroe 25 (75) nepyenmuiio,
¢ — cepeone snauenns;, ® —p < 0,05 6i0HOCHO NOKA3HUKIG
iHmaxmuux wypie, m — p < 0,05 8i0HOCHO NOKA3HUKIE WYPI6
3 AA 6e3 nixyeanns;, A—p < 0,05 8i0HOCHO NOKA3HUKIE WYPIE
3 AA nixosanux [{H.

Orinka 3MiH 3 00Ky JIEHKOIIMTapHOi (hOPMYIIH TTOKa-
3aja, 10 Ha T PO3BUTKY AA y IIypiB BiMiUeHO CTa-
TUCTUYHO BiporinHe (p<0,001) 3pocTanHs moii rpaHyo-
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Puc. 2. B JIH Ta #ioro xom6ianii 3 KEIT Ha KijbKiCTh JIEHKOIMTIB B
nepudepnyHiit kpoBi y mypis 3 AA Ha 28 100y eKcriepuMeHTy

IIpumimku. Po3nooin eeruyun kodicHol epynu eubipkogoi

cykynnocmi HopmansHuil. bokcu exmouaroms 3navenns. cman-
0apmHoi ROXUOKU cepeOHbO20 apUPMEMuUHO20, 6ePMUKALbHI
TiHiT 3a medcamu 60xcie — 95 % dogipuuil inmepsan. Iopuson-
ManbHa MiKis 8cepeduti 60Kcy — cepeoHe apugmemuyne 3Ha-
uents; ® —p < 0,05 6i0HOCHO NOKA3HUKIG IHMAKMHUX WYPI8,
m — p < 0,05 sioHocHO nokasHukie wyypie 3 AA 6e3 nikyeanHs;
A —p < 0,05 sionocHo nokasnuxie wypis 3 AA nikosanux J{H.

uuTiB y 2,1 pa3u Ta nponopuiiiHe 3HIKEHHS KiJIbKOCTI
nimpouutis (p<0,001) B 1,6 pa3u BiTHOCHO MOKa3HUKIB
iHTaKkTHUX IypiB. 3actocysanus JIH ta JIH 3 KEII mpu-
3BOJIMJIO JIO BiJTHOBJICHHS MPOMOPIIMHOCTI JIEUKOLIUTap-
HOi opMyJH — Ha Ti1i KoMOiHOBaHOTO 3acTocyBanHs JIH
3 KEII nons rpaHylOIUTIB IPAKTUYIHO CIIIBCTABIISIACH
3 MOKA3HUKAMHU 1HTAaKTHUX TBAPHH Ta CTAHOBMIIA Bi/IIIO-
BimHO 24,1+1,8 % 1a 21,9+0,9 % (Tabmn. 1).
BcraHoBiieHO, 110 po3BHTOK AA y IIypiB CYIPOBO-
JOKYETBCS CTAaTUCTHYHO BiporitauM (p<0,001) 3HM*XKEH-
HSIM BMiCTy TeMonto0iny Ha 14,7 % o0 MoKa3HUKIB
IHTAKTHUX MIypiB, piBEHb TeMODIOOIHY CKIIAB BiIOBITHO

121,0 £ 3,08 1/ (Tabm. 2), a TaKoK 3HMKEHHAM KUTBKOCTI
eputponuTis Ha 28,8 %.

Momnoteparis JIH npu3Bena 10 CTaTUCTHYHO BipOTij-
HOTO 301JIbIIIeHHS piBHS reMoro0iny (p<0,01) Ha 8,6 %,
a TaKOX J10 301IbIIeHHS KUTbKOCTI epuTponuTiB (p=0,01)
Ha 19,3 % 110110 MOKA3HUKIB TBAPHH KOHTPOJIHHOI TPYTIH.

Komo6inoBane 3actocyBanns JIH 1 KEIT npusseno no
ITOBHOTO HIiBEJIOBaHHs O3HAK aHEeMii XpOHIYHOTO 3ara-
JICHHS — PIBEHb IreMONIO0IHY Ta EPUTPOIUTIB CTaTHC-
TUYHO ocTOBipHO (p<0,001) 36inpmuBcsa Ha 17,6 % 1
36,8 %, BIAMOBIIHO, OO0 TOKA3HUKIB 1IypiB 3 AA 0e3
JiKyBaHHS.

BusiBiieHi 3MiHU y3TO/KYIOTECS 3 JAHUM JIITEPATypH,
110 aneMis nmpu PA BBaKa€Tbcsi CHMIITOMOM OCHOBHOTO
3aMaJbHOTO 3aXBOproBaHH [ 14, 15]. Xoya 3amaneHHs Bi-
Jirpae JOMiHYFOUY POJIb B ITATOTeHE31 IIbOTO BUJTY aHEMii,
y4acTh B ii pO3BUTKY MOXYTh OpaTH H 1HII YNHHUKH,
TakKi sIK XpOHIYHA BTpara KpOBi 3 BUPA3KOBUX JCPEKTIB
CJIN30BOT 00OJIOHKH, BUKJIMKaHUX TipuitomoM HIT33. Bin-
TTOBITHO, TIOIIUPEHICTL aHEMIT Oe3MocepeTHbO OB’ I3aHa
3 TSDKKICTIO OCHOBHOTO 3aXBOPIOBAHHS 1 TPUBAJICTIO
MpUioMy HECTEepOigHUX mpenaparis [16].

Pesynbratu psimy mociiiKeHb MOKa3au, MO PO3BU-
TOK aHeMmii npu PA moxe OyTu 1moB’s3aHuit 31 31aTHI-
CTIO MPO3aNajJbHUX [IUTOKIHIB MOPYIIYyBAaTH YTBOPEHHS
eputpountiB [16]. OgHUM 3 MEeXaHi3MiB [IBOT'O MOXE
OyTH TIepepO3IOIiT 3aiTi3a — 3HWKEHHS KiTbKOCTi Fe2+,
HEOOXiTHOTO U CHHTE3y TeMy B CHPOBATIIi KPOBi MpH
JIOCTaTHhOMY Horo BMicTi B jgemno. [1ij BruimBoM mpo3a-
MabHUX MHUTOKIHIB — iHTepnelkiny (IJI)-1 1 pakropa
HEKpO3y MyXJIMHU 0, BiTOYyBa€ThCS HAIMIPHA aKTHBAIlis
cuaepodarip, MpH SKii MOCHITIOETHCS paronuros i Oo-
KY€EThCS X 371aTHICTH Mepe/adi 3ajai3a B epurpodiacTax
[14, 15, 16]. IJI-6 € OCHOBHUM IHAYKTOPOM CHHTE3Y
TETICUIUHY, [0 € HETATUBHUM PErYJSTOPOM SIK BUBILJIb-
HEHHS 3a1i3a 3 Makpodaris, Tak i BCMOKTYBaHHS 3alliza

Tabmuis 1

BnauB guxnodgenaky HaTpiio Ta iforo komOinanii 3 KpioKOHCEPBOBAHUM €KCTPAKTOM ILIALIEHTH HA MOKA3HUKH JIelKo-
nMTapHOi (hopMy.Iu nepudepruyHOi KPOBi IYpiB 3 a1’ IOBAHTHUM apTPUTOM Ha 28 100y eKcriepuMeHTY,

. [okazauk, M+m (95% 1)
ma
= I'panynouutn, % Jlimdormmru, % Momnouwurn, %
I [aTakTHI IIypn 21,9+0,91 70,6+0,72 7,6+0,65
(n=7) (95% M1: 20,1-23,6) (95% AI: 69,2-72,0) (95% I: 6,3-8,8)
Kontpois (AA 6e3 46,4+1,04 43,6+1,13 10,0+1,41
11 ik BI;HHﬂ) (n=7) (95% JI1: 44,4-48,5) (95% J1: 41,4-45,8) (95% AI: 7,2-12,8)
Y p,, < 0,001 p,, < 0,001 p,,= 0,14
33,4+1,80 56,7+1,19 9,9+2,29

| AA+H (95% JII: 29,9-37,0) (95% JII: 54,4-59,0) (95% JII: 5,4-14.4)
(n=7) P, <0,001 p,,<0,001 p.= 036
p,,<0,001 p,, <0,001 p,,= 0,96
24,1+1,81 63,9+0,91 12,0+1,65

(95% M1: 20,6-27,7) (95% MI: 62,1-65,6) (95% AI: 8,8-15,2)
v gl’i#m KEI p.=03 p,,<0,001 p.,=0,03
p,.<0,001 p,, < 0,001 p,,=038
p,,<0,01 p,,<0,001 p,,= 0,46
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Tabmuis 2

BnauB nuknodgenaky HaTpiio Ta iioro komOinanii 3 KpiokKOHCEPBOBAHUM €KCTPAKTOM ILIALIEHTH HA PiBeHb reMOrJI00iHy
Ta KIIbKiCTh epUTPOUUTIB i TPOMGOUUTIB NepudepuIHOi KPOBi IIYPIB 3 a1’ IOBAHTHUM apTPUTOM Ha 28 100y

eKCIePHUMEHTY
IToxa3nuk
I'pyna T'emorno6in, r/a Epurpouutu, x10'%/1 TpomGouutH, x10°/:1
M:z=m (95% JIT) Me [LQ; UQ] Me [LQ; UQ]
InTakTHA 141,9+£2,23 . .
I ) (95% II1: 137.5.146.2) 8,0 [5,5; 9,1] 178 [175; 179]
KonTpons (AA 121,0+3,08 . .
| e nikysanis) (95% JII: 126,1-136,8) 3.7 [296 8’72] 189 [ng’ogl]
(n=7) p,, < 0,001 P~ Y P,,<0,
131,442,72 , ,
AA + JTH (95% JII: 126,1-136,8) 6.8 16,3 7,1] 180 [179; 182]
P,= 0,03 Ps= Y, Py, >
142,343,75 , .
(95% JT1:134,9-149,6) 7.8317,6;8,5] 173 171; 175]
v | AA+H +KEI s p,,=04 p,,=0,048
(n=7) ppl-i 0.001 p,.< 0,001 p,.,< 0,001
5344: 0’04 p3’4 < 0’001 p3—4 < 0’01

B TOHKIM KuIIMi. Pe3ynbraroM il rencuauHy € 6iokana
3aJi3a B KIITHHAX CHCTEMH MOHOHYKIICAPHUX (DaroIuTiB,
remaTonuTax Ta SHTEPOIUTaX, MOPYIICHHS Iepeaadi 3a-
mi3a TpancheppuHy 1 BUIKUI PO3BUTOK Tinodeppemii.
TaxkuM uyuHOM, MpoOiieMa XPOHIYHOTO 3aMaJICHHS — 1€
HAIIPOYKILiS TETIICUANHY, SKHU TOPYIIY€E HOPMATbHUN
MeTaboITi3M 3aii3a, 10 B KiHIIEBOMY MiICYyMKY TIPU3BO-
IUTH 10 PO3BUTKY aHeMii [15, 16].

BUCHOBKHA

KombiHOBaHe 3acTOCYyBaHHS KPiOKOHCEPBOBAHOTO
EKCTPAKTY IUIAIICHTH Ta TUKIO(EHAKY HATPIIO CYIPOBO-
JUKYETBCS OUTBII BUPa3HUM HIBEIIOBAaHHSM O3HAK 3aria-
JIeHHS 3 00Ky TeMaToJIOTIYHNX TTOKa3HHUKIB — NIBUJIKICTh
3CiTaHHs epUTPOIHTIB 3HU3MIACE Ha 72,2 % (p<0,001), a
KUTBKICTB JISHKOIUTIB 3MeHIImIach Ha 54,8 % (p<0,001)
BiTHOCHO IMOKA3HUKIB LIYPiB 3 aJ IOBAHTHUM apTPUTOM
0e3 mikyBaHHs. BinOynocs HiBeIOBaHHS O3HaK aHeMil
XPOHIYHOTO 3alaJIeHHs — PIBeHb TeMONIIO0IHY Ta epu-
TpouuTiB 30inbmmBCcs (p<0,001) Ha 17,6 % 1 36,8 %,
BIJIMTOBITHO, 11010 MOKA3HMKIB IIyPiB 3 aJI’ FOBAHTHUM
apTpuTOM 0€3 JIiKyBaHHSI.

3B’s130K po6OTH 3 HAYKOBUMHU MPOrpaMaM, mja-
Hamu i Temamu. CTarTsa € GpparMeHTOM IUIAHOBOI Ha-
YKOBO-IOCIIHOI pOOOTH BiILTy €KCIIEpUMEHTAIBHOT
kpiomenunuan ITTKiK HAH VYkpainu «JlecTpykTuBHi
Ta BIIHOBHI TPOIIECH B TKAHWHAX 1N VIVO MICIIA Jii HA3b-
KHX TEMIIepaTyp Ta 0i0JIOTIYHO aKTUBHUX PEIOBHH»
(Ne 2.2.6.113, mmdp 2.2.6.113, HOMEp ACpKaBHOI pee-
ctpauii 01170001049, tepmin BukoHanus: 2017-2021 pp.

Konduaikr inTepeciB. ABTOp pyKONHUCY CBiZIOMO 3a-
CBiluy€ BiACYTHICTh ()aKTHUHOTO a00 MOTEHLIHHOTO
KOH(QJIIIKTY iHTEpECiB 100 pe3yNbTaTiB IIi€i poboTH
3 (hapManeBTUYHIMHU KOMIIAHISIMH, BUpOOHUKAMU Oi-
OMEIUYHUX HNPHUCTPOIB, IHITMMHU OPTaHi3allisIMH, THI

MIPOIYKTH, MOCIYTH, (DiHAHCOBA MIATPUMKA MOXKYTh OyTH
MOB’s3aHi 3 MPEIMETOM HaJdaHUX MaTepiaiiB abo sAKi
CIIOHCOPYBAJIU TIPOBECHI JIOCHIKEHHSI.

Indopmanis npo pinancyBanns. OiHaHCcyBaHHS
BUJaTKaMu Jlep>kaBHOTO OrOKETY YKpaiHu.
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EVALUATION OF THE THERAPEUTIC EFFECT OF THE COMBINED USE OF CRYOPRESERVED PLACENTA EXTRACT
AND DICLOFENAC SODIUM IN EXPERIMENTAL RHEUMATOID ARTHRITIS BY HEMATOLOGICAL PARAMETERS

OIEHKA JIEYEBHOI'O D®®EKTA KOMBUHUPOBAHHOI'O IIPUMEHEHUA
KPUOKOHCEPBUPOBAHHOT' O DKCTPAKTA IIJIAHEHTBI U JUKJIOPEHAKA HATPUSA ITPU
SKCHHEPUMEHTAJIBHOM PEBMATOUJHOM APTPUTE 110 TEMATOJIOT'MYECKHNM ITOKA3ATEJISIM

I'naokux @.B.

Hncmumym npobrem kpuobuonoeuu u kpuomeouyunvl Hayuonanenoii akademuu nayx Yxpaumol,
Tocyoapcmeennoe yupescoenue « Ancmumym meduyunckou paouonocuu u onxkonozuu um. C.I1. I pucopvesa
Hayuonanvnotl akademuu meOuyuHcKux Hayx Yxpaunoly, Xapvkos, Ykpauna

fedir.hladkykh@gmail.com

AKTyaJbHOCTB. KprokoHCcepBUpOBaHHBIN 3KCTpakT ruianeHTs! (KOII) moBpimiaeT ycTOMYMBOCTD CIU3UCTON OOOIOUKH JKEITy104-
HO-KHIIEYHOI'0 TpakKTa K IMOBPEKIAAOIEMY ﬂeﬁCTBH}O HECTEPOUIHBIX IPOTHBOBOCIAINUTEIIbHBIX CPEACTB. HpeBeHTI/IBHOG BBCICHHUC
KOII ocnabinsier ynblieporeHHOE JeCTBUE MeJIoKcHKaMa, noynpodena, nukiaodenaxa varpus (JJH) u gp. Ecte nanubie 0 coOGcTBeHHOM
MPOTHBOBOCTIANINTENBLHOM akTHBHOCTH KOII, 9TO MOXKET yauHo codeTarsest ¢ papMaKkoIOTHIeCKUMH CBOMCTBAMU HECTEPOUIAHBIX TIPO-
THBOBOCTIAINTENBHBIX CPEACTB, YIy4IIas IPU 3TOM HX IPODHIs 6€30MacHOCTH.

Hens: oxapakrepu30BaTh Je4eOHYI0 aKTUBHOCTh KoMOMHHpoBaHHOro npuMeneHus KOIT u JIH mo naHHBIM reMaTolornyeckux
NoKa3aresel Ha MOJIeNIN SKCIEPHMEHTAIIbHOTO peBMaTonaHoro aprpura (PA).

MarepuaJjibl 1 MeTO/ABI. VccaenoBanus mpoBeIeHb! Ha 28 HeMHEWHBIX TabopaTopHbIX Kpbicax. Kpbic pasnenmm Ha 4 pynmst: [ (n
= 7) — unTaxtHbIe KpbICHL; 11 (n = 7) — kpbIckl ¢ akcepuMenTadbHbIM PA; 111 (n = 7) — KpBICH ¢ 3KcniepuMeHTanbHbIM PA, neuensie J{H;
IV (n =7) — kpbicsl ¢ sxcniepumenTanbHbIM PA, nedensie JIH u KOII. AnbroBaHTHBIN apTpUT MOAEIUPOBAIN IIyTeM CyOIJIaHTapHOTO
BBEJICHUSI 110JIHOTO aabioBanTa @peitnna. Jleuenue nposoannu ¢ 14 no 28 nens. KOII BBoguu B 14, 17, 20, 23 u 26 auu, AH — exen-
HEBHO. VccenoBanye KpOBHU MPOBOAMIN HA 28 CYTKH YKCHEPUMEHTA.

Pesyabrarsl. KomOunupoBannoe npumenenne KOII u JIH conpoBoxkmaeTcs Goiee BBIpa3sHTENbHBIM HUBEIMPOBAHHEM MpPHU3HA-
KOB BOCIAJICHHUsI CO CTOPOHBI T'€MATOJOTMUYECKHX MOKa3aTesIe — CKOPOCTh OCEIaHMsl SPUTPOIIMTOB CHU3MWIACh Ha 72,2 % (p<0,001), a
KOJINUECTBO JIEHKOIUTOB yMeHbIIIoch Ha 54,8 % (p<0,001) oTHOCHTENIBHO TTOKa3aTeNei KPBIC C aabIOBAHTHBIM apTPUTOM 0e3 Jede-
uus. [Ipon3ornnio HUBEIMPOBaHUE IPU3HAKOB AHEMUH XPOHHUECKOTO BOCTIATIEHHS — yPOBEHb TeMOIIOONHA M SPUTPOIIUTOB YBEIUIHIICS
(p<0,001) Ha 17,6% u 36,8%, COOTBETCTBEHHO, OTHOCHUTEIIBFHO ITOKA3aTeNeH KPBIC ¢ aIBIOBAHTHBIM apTPUTOM 0€3 JICUECHUSL.

BeiBonbl. Kom6ununpoBannoe npumenenne KOIT u [IH npeBocxoauT mo siedeOHON dP(HEKTUBHOCTH MOHOTEPAITHIO YKa3aHHBIM
HECTEPOUIHBIM [IPOTUBOBOCIAIUTEIBHBIM IIPENapaToOM IKCIICPUMEHTAIEHOIO PEBMAaTOUHOTO apTPUTa.

KuroueBble ci10Ba: KpHOKOHCEPBUPOBAHHBIH SKCTPAKT IUIANCHTHI, JuKiIodenak Hatpus, HIIBII, anemMust XpoHHYECKOToO BOCTIAICHUS

EVALUATION OF THE THERAPEUTIC EFFECT OF THE COMBINED USE OF CRYOPRESERVED
PLACENTA EXTRACT AND DICLOFENAC SODIUM IN EXPERIMENTAL RHEUMATOID ARTHRITIS
BY HEMATOLOGICAL PARAMETERS

Hladkykh E. V.

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences of Ukraine,
State of Organization «Grigoriev Institute of Medical Radiology and Oncology of the National Academy
of Medical Sciences of Ukrainey, Kharkiv, Ukraine

fedir.hladkykh@gmail.com

Relevance. Cryopreserved placenta extract (CPE) increase the resistance of the mucous membrane of the gastrointestinal tract
to the damaging effects of nonsteroidal anti-inflammatory drugs. Preventive administration of CPE can reduce the ulcerogenic effect
of meloxicam, ibuprofen, diclofenac sodium (DS) and others. There is evidence of CPE’s own anti-inflammatory activity, which can
be successfully combined with the pharmacological properties of nonsteroidal anti-inflammatory drugs, while improving their safety
profile.

Objective: to characterize the therapeutic activity of the combined use of CPE and DS according to hematological parameters in the
model of experimental rheumatoid arthritis (RA).

Materials and methods. Studies were performed on 28 nonlinear laboratory rats. The rats were divided into 4 groups: I (n =
7) — intact rats; II (n = 7) — rats with experimental RA; III (n = 7) — rats with experimental RA, treated with DN; IV (n = 7) — rats
with experimental RA, treated with DN and CPE. Adjuvant arthritis was modeled by subplantar administration of complete Freund’s
adjuvant. Treatment was performed from 14 to 28 days. CPE was administered on days 14, 17, 20, 23 and 26, and DS — daily. Blood tests
were performed on day 28 of the experiment.

Results. The combined use of CPE and DS is accompanied by a more pronounced leveling of inflammatory signs by hematological
parameters — erythrocyte clotting rate decreased by 72.2% (p<0.001), and the number of leukocytes decreased by 54.81% (p<0.001)
relative to rats with adjuvant arthritis without treatment. There was a leveling of signs of anemia of chronic inflammation — the level
of hemoglobin and erythrocytes increased (p<0,001) by 17.6% and 36.8%, respectively, relative to rats with adjuvant arthritis without
treatment.

Conclusions. The combined use of CPE and DS is superior in therapeutic activity to monotherapy with this nonsteroidal anti-
inflammatory drug of experimental rheumatoid arthritis.

Keywords: cryopreserved placenta extract, diclofenac sodium, nonsteroidal anti-inflammatory drugs, chronic inflammatory anemia
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PE3YJIBTATHU ITOIIYKY JJABOPATOPHUX O3HAK ABTOIMYHHUX
PEAKIIHA IO MO3KOBHX TA IIO3AMO3KOBUX ABTOAHTUT'EHIB
Y JITEH 3 PO3JIAJIAMU COEKTPY AYTU3MY, ACOLHIMOBAHUMU 3
I'EHETUYHUM JE®IIUTOM ®OJATHOI'O IUKJTY

Manwuyes /1.B. hitps://orcid.org/0000-0002-6615-3072

ITnemumym excnepumenmanvhoi i kKaiHiunoi meouyunu Hayionanvhoco meduunozo yHieepcumenty
imeni O.0. bocomonvys, Kuis, Yxpaina

dmaltsev(@ukr.net

AKTyalnbHicTh. Pe3ynbraT 11°sTH MeTa-aHali3iB paHI0Mi30BaHUX KOHTPOJILOBAHUX KIIHIYHUX JIOCII/PKEHb CBiYaTh MPO acolli-
auito remeTnaHoro nedinury ¢onarnoro nukiry (IAPL]) i posnanis cnexkrpy ayrusmy (PAC) y apiteir. OcoOmuBy ponb B IaTtoreHesi
ennedanonarii y aireit 3 PAC, moB’s3anumu 3 [JIDLI, BigBOIATh aBTOIMYHHUM MEXaHi3MaM.

Linb: BUBYUTH CTPYKTYpY aBTOIMYHHHX peakii y aiteit 3 PAC, moB’s3anumu 3 [JIDLI, 3riqHO 3 HAKOMHYEHOIO JOTETep JOKA30BOIO
0a3010, 1 BUBYMTH aCOIaLlif0 O3HAK aBTOIMYHITETY 3 BUSBIECHIMHU MIKpOOPTaHI3MaMH [UIsl OKpPAIIaHHS PO3yMiHHS IaTOTeHe3y eHueda-
JIoTIaTii Ta yAOCKOHAJIEHHS aJrOPUTMIB IarHOCTHKH, MOHITOPUHTY 1 JIIKyBaHHS.

Marepianu i MeToau. PeTpocrekTHBHO MpoaHaai3oBaHO MeauuHi qani 225 maiteit Bikom Bix 2 10 9 pokis 3 [JIDI], y sikux Bia3Ha-
yasucst kiiHigHi nposisu PAC (183 xuorruukiB i 42 niBunnkn). [liarao3 PAC OyB BUcTaBiIeHMH AUTSYMMH NCHXIaTpaMH 3a KPUTEPIIMH
DSM-IV-TR (Diagnostic and Statistical Manual of mental disorders) ra ICD-10 (The International Statistical Classification of Diseases
and Related Health Problems) (mocmimkysana rpymna; JAI'). JJo xonTponbroi rpynu (KI') Bigaecnn 51 kimiHiuHO 310poBY AuTHHY (37
XJIOITYHKIB Ta 14 [iBYaTOK) aHAJIOTIYHOTO BIKOBOTO PO3MOiNy, siKi He cTpaskaanu Ha [JIDL] ra PAC.

IMarorenni nosimMopdHi BapiaHTH reHiB (poraTHOTo MUKy Bi3Hadamn MetogoM [1JIP 3 pectpukiieto (CineBo, YkpaiHa). ABTOaHTUTI-
J1a 10 aHTUTeHiB HelpoHiB miakipkoBux ranriie [{THC B cupoBarui kpoBi Bu3Hauasnu 3a gonomororo naneni Kanuirem (Moleculera Labs,
Inc, CIIIA). CupoBaTKoBi aBTOAHTHTINIA 1O HEWPOHIB Me30siMOIUHOT cucTeMHu ineHTHdiKyBamu 3a qonomororo ELISA (MDI Limbach
Berlin GmbH, Himewyunna). ABTOIMYHI3a1lit0 JO Mi€JIiHy OLIHIOBAaTH 32 TUTPOM CHPOBATKOBUX aBTOAHTHTLI O OCHOBHOTO OUIKY Mi€lTi-
Ha (IDA) Ta ozHakamu ceHcubimizamii Heiitpodinie Ta CD8+ T-mimdonuTiB 10 aBroaHTHTEHIB 61101 pedoBrHU MiBKYIb (cell-based
assay; nabopatopis HelipoimyHouorii [HcTutyTy Herpoxipyprii HAMH VYkpainun). CHpoBaTKoBi aBTOAHTHUTINA O SAEP KIITHH CHOTyY-
HO{ TKAHUHHM Ta O1IKiB TONEPEKOBO-IOCMYTOBAaHUX M’ 431B BU3HAYAJIM 32 JOMIOMOTo10 BecTepH-0s0T (CineBo; Ykpaina). [l BU3HaYeHHS
BIPOTiTHOCTI BiIMIHHOCTEH MiX IMOKa3HHKAaMH y IPyIax CIHOCTEPEKSHHsI BUKOPUCTOBYBaIM napamerpuunuid T-kputepiit Ct’rofenra 3
MMOKA3HUKOM JIOBIpYOT HMOBIPHOCTI p Ta HEMapaMeTPUIHUI KpUTepiil — unciio 3HakiB Z 3a Ypoaxom K0.B. Jlnst BUBUCHHS acomiariii Mix
JOCJIIKYBaHIMH MOKa3HUKaMH 3aCTOCOBYBAJIN ITOKA3HHK BiHOIEeHH maHciB (odds ratio, OR) ta 95% nosipuwnii intepsain (95% CI).

JocmipkeHHsST BUKOHYBaJoCs SK (DparMeHT HayKoBO-mocCHigHoi pobotu Ha 3amoBieHHA MO3 VYipainu (Ne mepxkpeecrtparii
0121U107940).

PesyabTaru. [To3utnsHi pesynsratn naneni Kanninrem manu micie B 32%, mabopatopHi 03HaKM aBTOIMyHi3allii 10 HEHPOHIB Me30-
nimM6iuHOT cucteMu — 36%, 10 MieniHy 010l peuoBUHH MiBKYIb — 43%, aBTOQHTUICHIB siep KIITHH CIIOTy4HOT TKaHUHU — 53%, O1JIKiB
TIONIEPEKOBO-TIOCMYTOBaHHX M’s131B — 48% Bumazkis cepen miteit I (B minomy — 68% unankis; p<0,05; Z<Z0,05). Cepororiuni 03HaKH
aBTOIMYHI3aIli] 10 aBTOAHTUTeHIB MiIKIPKOBUX T'AHIIIITB MiBKYIIb BEJIMKOTO MO3KY Oy/n acouifioBaHi TUTBKH 31 Streptococcus pyogenes Ta
Borrelia, 1o HeitponiB me3zonimbivnoi cucremu — EBV, HHV-6, HHV-7, Toxoplasma ta TTV, no mieniny IHC — EBV, HHV-6, HHV-7,
Borrelia ta TTV, 1o siaep KIITHH CIOMYyYHOT TKAHHHU Ta TONEPEKOBO-mocMyroBanux M s3iB — EBV, HHV-6, HHV-7, Borrelia Ta TTV.

BuchoBku. Y gireii 3 PAC, acouiiioBanumu 3 IZI®LI, BigzHayaroThCst 1a00paTOpHi 03HAKKU MiKpOO-1HIyKOBaHOI aBTOIMYHI3alii 10
Psily MO3KOBHX Ta [103aMO3KOBHX aBTOAHTUICHIB, SIKA BIUIMBAE HA CTAH ICUXIYHOTO i (DiI3MYHOTO 3710pOB’S MALIEHTIB 1 € HOTEHLIHHUM
00’€eKTOM e(heKTUBHHX TePATIEeBTHYHIX BTPYYaHb.

Kurouosi ciioBa: repriecipycu, crpentokok, PANDAS, aBroiMyHHHMI TiMOI4HNMI eHIledatiT, aHTHHYKJIeapHi aBTOAHTHTLIIA.

AKTyajJbHicThb. Pe3ynpratu 1’ TH MeTa-aHai3iB
PaHIIOMI30BaHUX KOHTPOJBOBAHUX KIIHIYHUX JIOCITi-
JUKEHB CBIIUYATh MPO acoIliallifo FeHETUIHOTO JeDiluTy
¢donarnoro ukiry (I®IL]) i po3ianis CIEKTpy ayTU3MY
(PAC) y miteid [16, 24, 33, 34, 38]. Tlokasano, 1o 0io-
ximiuHi nopymenns, Buknukani [JIOL, npuszBoaars 1o
ypaXkeHHs] IMyHHOI CUCTEMH 3 IHAYKIi€l0 iMyHOAe iUty
1 MOB’s13aHOT 3 MM iMYHHOT Au3peryssanii [23]. Sk 3a-
3HauaroTe Hughes H.K. 3i cmiBaBr., y cucremMarnuHOMY
OTVISIAI, IPUCBIYEHOMY (PCHOMEHY MOPYIICHHS POOOTH
iMyHHOT cuctemu y niteit 3 PAC, B Takux BUTIaIKax Bifl-

3HAYAEThCS a00epaHTHUIA IIUTOKIHOBUI TTPOQ1LITb, BiIXH-
JICHHS y aOCOJFOTHIH 1 BITHOCHIM KITLKOCTI IMyHOKOMIIE-
TEHTHHX KJIITHH Ta 1X cyOmoImy/silii, 03Haku Helpo3a-
MAJICHHS, IOPYIIEHHs pOOOTH CHCTEMH aIallTUBHOTO Ta
MIPUPOIHKEHOTO IMYHITETY, JUCcOaNaHc iIMyHOIIOOYITiHIB
PI3HHUX KJIACciB Ta 03HAKU aBTOIMYHITeTy [14].

Hapasi Bimomo mioHaiimMeHie 3 He3aleKHUX iMy-
HOOIOCEPEKOBaHUX MexaHi3mu ypaxenHs [IHC npu
I'ZI®LI, 3yMOBIEHHUX MEPCUCTYIOYOI0 IMyHHOIO TUC(HYHK-
Li€10, 10 POOJIATH CYTTEBHI BHECOK B (hOpMYBaHHS CH-
uedanonarii 3 KiniuHOI0 KapTHHO0 PAC. Mnerses mpo
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PO3BUTOK HEHPOTPOIHUX OMOPTYHICTUYHHUX Ta YMOBHO
natoreHHUX iHpexuii [30], aBTOIMyHHHX peakiii 1o
HEHWPOHIB Ta Mi€JIiHy MiBKYJIb BEIUKOTO MO3KY [3, 8, 44,
45], cucTeMHOTO Ta OB’ SI3aHOTO 3 IIUM 1HTpanepedpab-
HOTO aCENTHYHOTO 3aIaJICHHS, 3yMOBJIEHOTO IMyHHOIO
nusperyisimiero [22, 39]. [lpuraidyeHHs abo yCyHEeHHS
IMyHO3aJIeX)KHUX MeXaHi3MiB nomkomkeHHs [[THC Bu-
JA€THCS TIEPCIICKTHBHOIO cTpaterieto nikyBaHHI PAC y
mitet 3 [JIOIT [21].

Oco0uBY poJib B MatoreHesi enmedanonarii y miteit
3 PAC BiJIBOASITH aBTOIMYHHUM MeXaHi3maM. Taki ysiB-
JIEHHS IPYHTYIOTBCS Ha PsAJIi HAYKOBHX JIOKa3iB.

[o-nepine, pe3ynpTaT HU3KH KOHTPOJIBOBAHHUX KITi-
HIYHUX JIOCITiDKEHb BKa3yIOTh HA aHOMAJIbHE BUSBIICHHS
y nanienTiB 3 PAC aBroanTurtin 1o neiiponis LIHC, Bai-
JOBaHUX paHille SIK MapKepH aBTOIMYyHHUX EHIIC(aIiTiB,
0 He BiJ3HAYArOThCs Y 3A0poBUX Hiteit [4]. Tak, Rout
U.K. 3i cniBaBT. BUSBUIN aBTOAHTUTLIIA JO MO3KOBOI'O
antureny GAD65 (GADA) cepen niTelt 3 ayTH3MOM y
15% BuUMaakiB, ayTHCTHYHAM CIIEKTPOM — y 27% BHIIaI-
KiB 1 B JKOJIHOT 3/I0pPOBOi JUTHHHU TPYITH KOHTPOJIIO [36].
Li aBroaHTHTINIa € BU3HAHUM Ja00OPaTOPHUM MapKepOM
Tak 3BaHOTO ayToiMyHHoOro aHTU-GADG65 nimbiuHOTO
eH1edaity, o MPUBOIUTH A0 PO3BUTKY DALY BaXKKUX
MOpYIIEHb NCUXIKU y AiTell 1 qopocnux [4, 29]. ¥V Toit
e gac, Frye R.E. 31 cniBaBT. ineHTH(DIKyBaIN aHTUTINIA
JI0 penenTopiB GoJieBOi KUCIOTH HEHPOHIB TOJIOBHOTO
MO3Ky y aiteit 3 PAC, 1m0 BKa3ye Ha TeTeporeHHiCTh Ipo-
SIBIB @HTUMO3KOBOTO aBTOIMYHITETY B TaKUX BUIIQJIKaX
[8]. Cabanlit M. 3i ciBaBT. BcTaHOBMIIM acoriariio PAC
1 HAIBHOCTI aaTOAHTHUTIJ JJO aBTOAHTUTCHIB HEHPOHIB
rinorajxaMmycy i trajgamycy [5].

ITo-apyre, iCHY€E PsiJT OMUCIB TOCTPOTO PO3BUTKY KJTi-
HiyHUX nposABiB PAC micns movarky BepuQikoBaHOTO
rOCTPOro aBTOIMYyHHOTO JiMOi4HOTO eHuedanity y mi-
Teil 1 TOCATHEHHsI KIiHIYHOTO MOJIIIICHHS B Pe3ybTari
cnenudivyHOro JiKyBaHHS aBTOIMYHHOI XxBopoOu. Tak,
Gonzalez-Toro M.C. 3i cmiBaBT. MOBiJJOMUIIU PO JBA
BHIIAJKU aBTOIMyHHOTO aHTH-NMDA niMGiqHOTO €H-
nedanity y aiTel, KIiHIYHI TPOSBU SKUX BiAOBIIATH
cumnromaM PAC [12]. Kiani R. 31 cmiBaBT. Takox J10T0-
BIJIM MPO NMIBUJIKHNA ayTUCTUIHHUN perpec P PO3BHTKY
aBTOIMyHHOTO aHTU-NMDA nimM6iuHOoTO eHnedanity y
nutuHu [15].

Io-TpeTe, B ekcriepuMeHTaX Ha TBapHHAX MOKa3aHa
31aTHICTh AaHTUMO3KOBHUX aBTOAHTHTIN, K1 Big3Ha4a-
10ThCs Yy aiTeit 3 PAC, NOMKOIKyBaTH TOJIOBHUI MO30K
y HiIAO0CHIJHUX IypiB, KPOJIUKIB TA MaBIl, IHAYKYIOUU
pO3Naau MOBEIiHKH, 10 HaraaytoTs nposisu PAC y nto-
neii. Tak, Gonzalez-Gronow M. 31 cIiBaBT. MOKa3aiu,
mo KatauiTuyHi aBToanTuTina I1gG i1 IgA, Buaineni 3
KPOBI MAIi€EHTIB 3 ayTH3MOM, HOPYIIYIOTH ITPOIECH Ti-
MOKaMTIAJTbHOT HEHPOIIIACTIYHOCTI Y IIypiB, HIYKYIOUH
MaTOJIOTIYHHUI TaToMopoIoTiuyHni peHOMEH, MOiOHMI
Ha CKpOHEBHWH MemiaHHMH ckiiepo3 (mesial temporal
sclerosis) [11], mo Big3HaYaeThcs y Gararbox AiTeH 3

PAC 3rigHo 3 pe3ynbTaraMu KJIiHIYHOTO JOCIHiIKEHHS
Monge-Galindo L. 3i criBasr. [25]. B iHmmx gocimxeH-
HSIX ITOKA3aHO, IO ITiCIIsl BBEICHHS aBTOAHTHUTLJ, OTpPUMa-
HUX 3 KpoBi niteit 3 PAC, y Makak-pe3yc po3BUBaIOThCS
BHpa3Hi MOBEIIHKOBI MOPYIIIEHHS, SIKi JIy’)Ke HaraayTh
TaKi mpu ayti3mi y Jroaed [ 10]. Mostafa G.A., Al-Ayadhi
L.Y. He TibKY BHSBHIIH MiABUIIEHUA TUTP aBTOAHTHUTII
J0 Tanriosuay M1 HepBoBoi TkaHMHM Y niTel 3 PAC,
aje i MPOAEMOHCTPYBAIN KOPEIAIII0 MiXK THTPOM ITHX
aBTOAHTHTLN 1 BAXKICTIO TICUXIYHUX PO3JIAMIB Y Malli-
€HTiB [27].

ITo-uetBepte, npu PAC npopeMoHCTpyBanu KIiHIYHY
e(heKTUBHICTh KIJIKOX IpEenapariB 3 JOBEACHOIO Mpo-
THU3aNaTbHOK Ta IMYHOMOYTIOIOUOIO €10, 1aHi PO
K1 y3araJbHEHI B CHCTEeMaTHYHOMY orsiai Marchezan
J. 31 cmiBaBrt. [21], BKirouaroun iHpaikcumab [19] Ta
HOPMAaJIbHHI B/B iMyHOT100YyniH moanau [20], mexa-
HI3M TepaneBTUYHOTO e€(heKTy SIKUX MOB'SI3yI0Th came
3 IPUTHIYCHHSIM aHTUHEHPOHAILHOTO aBTOIMYHITETY 1
MOB'SI3aHOTO 3 IIUM IHTpanepeOpaIbHOro 3amajicHHs B
OpraHi3Mmi MaIi€eHTa.

OnopTyHiCTUYHI Ta YMOBHO MaTOreHHI MiKpoopra-
Hi3MHU, fIKi pEaKTUBYIOTbCA B YMOBaX iMyHoAe(DiluTY,
Bukiukasoro [JI®II [23], MoxyTs OyTu HpUUYETHI 10
THAYKIIT aHTUMO3KOBOTO aBTOIMYHITETY y AiTeH 3 po3a-
ngamu PAC 3a mocepenHUIITBOM (DEHOMEHY MOJICKYIISIPHOT
MiMikpii [9]. Mora M. 3i criiBaBT. B KOHTPOJIbOBAHOMY
JIOCITIJDKEHH] BUSBUAJIM aHOMAJILHO BUCOKI THTPH aHTH-
TiJ 10 Bipycy mpocTtoro reprecy 2 tumy y aiteit 3 PAC,
SKi OyJIM acolliiioBaHi 3 aBTOAHTHUTIIAMHU JI0 MO3KOBHX
anTureHiB (77% — npotu MuraanenonioHoro Tina, 70%
— MPOTH XBOCTATOTO s1pa, 47,5% — mpoTu MO304Ka i
cToBOYpa MO3KY, 45% — mpotu rinokamiris, 40% — mpotu
Mo3oiucToro Tina i 17,5% — npotu KopH MmiBKyJb BeJU-
KOro MO3Ky) [26]. Singh V.K. 31 cniBaBT. BCTaHOBUJIU
acolrianito BUCOKOT CEpOMO3UTUBHOCTI 10 BipyCy Kopy i
BipycCy reprecy 6 THITy JIOJHHU i aHOMAJIbHO BEIMKOTO
TUTPY aBTOAHTHTLI O OCHOBHOTO OiJIKa Mi€JIiHy Ta OiIKy
¢inamenTiB akconiB HeitporiB LIHC y niteit 3 PAC [45].
B iHImIoMy mocmimpKkeHHI aBTOpaMH ITOKa3aHa epexpecHa
PEaKTUBHICTh MiXK aHTUKOPOBUMH Ta aHTHYCPBIHKOBUMH
AHTHTIIAMHU T4 aBTOAHTHTIIAMHU MPOTH OCHOBHOTO O1JTKa
MIEJTIHY MIBKYJIb BEJIMKOTO MO3KY Y JIITEeH 3 ay THCTUYHAM
cuHIpoMoM [44]. IHOYKIIiI0 IepeXpecHO-pearyrdnx
AHTUTLI MOXKYTh IPOBOKYBATH PI3HOMAaHITHI CyIIepaHTH-
TeHU MIKpOOpraHi3MiB B yMOBax iMyHoae(}ilUTy, 3yMOB-
nenoro I ZI®I] [23]. Vojdani A. 3i criiBaBT. moka3aiu, 110
y aiteit 3 PAC nentunu Chlamydia pneumoniae, M-1ipo-
TETH CTPENTOKOKIB 1 OyTipo(iaIiH MONOKa MPU3BOAITE
JI0 TIPOJYKIii HEMOBHOI[IHHUX crel(IYHIUX aHTUTLI 3
MIEPEXPECHOI0 PEAKTUBHICTIO, 3aTHUX PO3Ii3HABATH HE
TITBKK MIKpOOHI 1 XapuoBi aHTHTEHH, aJie i AesKi MO-
JIEKYJIA HEPBOBOI TKAHWHH, 30KpeMa — OCHOBHHH OLIOK
MI€ETTIHY, Mi€JTTH-aCOI[IHOBaHMIA IIIIKOMPOTEiH, Mi€JIIHOBH
OJIIrOICHAPOIMTAPHUI TIPOTETH, OLTKK HEUPO(iTaMEeHTIB
i TyOyniny [47].
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Tomy mouryk o3Hak aBTOIMyHiTeTy y aiteit 3 PAC,
acomiioBanumu 3 [JI®L], € BaxTMBUM 3aBIaHHSM CY-
JacHOI HEHPOIMYHOJIOTI1, BUPIIICHHS SIKOTO MOXE Ha-
JIaTH KOPHUCHY 1H(QOpMAIIifo PO IMyHO3ICKHI MUIAXU
ypaxenns [ITHC 3 popMyBaHHIM KITIHIYHOTO ()EHOTHITY
PAC Ta parioHaJbHI TIX0IU IO IMyHOMOIYITFOIOYOTO
JKYBaHHS JJIs1 IPUTHIYCHHS aHTUMO3KOBHX aBTOIMYH-
HUX peaKIiid 3 MOTCHIIHHUMH HEHPOTPOTEKTOPHUMHU
e(heKkTaMH y IHUX MAaIli€HTIB.

Linb: BUBYUTU CTPYKTYPY aBTOIMYHHHUX peaKIiil y
niteit 3 PAC, noB’si3anumu 3 [JI®DL], 3rigHO 3 HaKomu4e-
HOIO JIOTEINEep J0Ka30BOI0 0a3010, 1 BUBUUTH ACOLIAIII0
O3HAaK aBTOIMYHITETY 3 BUSBIEHHMHU MIKpOOPTaHi3MaMHU
JUTS TIOKPAI[aHHS PO3YMiHHA MaToreHe3y eHnedanonarii
Ta YIOCKOHAJICHHS aJrOPUTMIB JA1arHOCTUKH, MOHITO-
PHHTY i JTiKyBaHHS.

MATEPIAJIA I METOIHN

7151 HOCATHEHHS TOCTABIEHOI METH PETPOCIIEKTUBHO
MPOaHAaJI30BaHO JIaHi MEMYHHUX KapTOK 225 niteil BikoMm
Bix 2 10 9 pokiB 3 [JI®I], y skux BigzHayaIncs KIiHIYHI
mosied PAC (183 xytomuukiB 1 42 MiBYWHKH). YCi BOHU
OyJIM TIalli€EHTaMH CIIeIiali30BaHOT HEHPOIMYHOJIOTIYHOT
KIiHIKH Vivere (peecTpalliiine gocke Big 22.12.2018
Nel10/2212-M). OtpumaHHs JaHUX JJISI 1O CITIDKSHHS
Ta 00poOKa MaTepially MPOBOAUIIACS 3TiIHO JOTOBOPY
Ne 150221 Big 15.02.2021p., Ta BUCHOBKY KoMicii Oioe-
TH4HOI excriepTu3u (mpotokoi Ne 140 Bix 21.12.2020 p.
HMY imeni O.0. boromonsis). Kiminiuauii giaraos PAC
OyB BUCTABJICHUH IUTIYNMH NICUXiaTpaMu 3a KpUTEPisi-
mu DSM-IV-TR (Diagnostic and Statistical Manual of
mental disorders) Ta ICD-10 (The International Statistical
Classification of Diseases and Related Health Problems).

[TaTorenni moniMopdHi BapiaHTH TeHIB (HOJIATHOTO
nukiy BuzHadaiau MetoxoMm I1JIP 3 pectpukmiero (Ci-
HEBO, YKpaiHa) Ha MiJICTaBl BUABJICHHS 3aMiHH HyKJIe-
otuaiB MTHFR C677T y monodopmi (68 marnieHris), a
TaKOX — y MOEIHAHH] 3 IHIIMMHU 3aMiHaMH HYKJICOTUIIB
— MTHFR A1298C, MTRR A66G i/abo MTR A2756G
(157 oci0). i ocobu cxiamu gocmimkysany rpymy (AI).

Jo xortponwHOi rpynu (KI') BigHecnn 51 kiniHI4HO
3I0pOBY AUTHHY (37 XJiom4uKiB Ta 14 giB4arox) aHa-
JIOTIYHOTO BIKOBOTO PO3MOJINY, SKI HE CTPaXKJaIH Ha
[1®1] ra PAC.

O1iHIOBAIN BiIOMI MEXaHI3MH IMyHOOTIOCEPEIKOBAHO-
ro ypaxenns [THC y nmiteii 3 PAC 3riiHO 3 HAKOMYESHHUMHA
JoTenep J0Ka3aMH Y KOHTPOJIbOBAaHHUX KIIIHIYHUX JOCHi-
JDKCHHSIX, OITYONIKOBAHUX Y PEIICH30BAHUX TIEPiIOIMIHUX
MEJIMYHIX BUAAHHSIX, IO IIATYIOTHCS B €JICKTPOHHIX Hay-
KoMeTpuyHHX Oa3ax nanux PubMed i Embase. Bignosiz-
HO JIO IIbOTO, MPOBOAMJIM aHAI3 PE3yJIbTaTiB BU3HAYCHHS
na”eni Kanniarem (Cunningham Panel™; Moleculera
Labs, Inc, CIIIA) 3 meToto ineHTHiKaIlii ABTOAHTUTII 10
AHTHUTCHIB HelpoHiB miakipkoBux rauriiis LIHC B cupo-
BaTIli KPOBI, BKIIIOYAFOYH BUMIprOBaHHA crieudivanx [gG
110 1ohaMiHOBUX perenTopiB 1 1 2 THTIB, JTi30TaHIITIO3H LY

ta TyOyniny (ELISA) Ta oninky aktuBHOCTI Ca-3ae:KHOT
KaJIbMOIYTIHKIHA3K B HEIPOHAX IarHOCTHYHOI KYJIBTYPH
IiCII KOHTAKTY 3 CHPOBATKOIO KpoBi nartieHTa (cell-based
assay; CBA), 1o BinoBijae cy4acHUM BUMOTaM IO Jia-
oopartopHoi miarHoctukd PANS/PITANDS/PANDAS
(pediatric acute-onset neuropsychiatric syndrome/
pediatric infection-triggered autoimmune neuropsychiatric
disorder/ pediatric autoimmune neuropsychiatric disorders
associated with streptococcal infections) y miteit 3rigHo
3 nanumu onsiy Dop D. 3i criB. [7]. Pe3ynbraru Hemro-
JaBHHOT'O KOHTPOJIBOBAHOTO KIIHIYHOTO JIOCIIiIKSHHS
Shimasaki C. 31 cmiBaBT. JOBOIATH PEJIEBAHTHICTH pe-
3ynbTarTiB naHesni KaHHiHreM y qiarHOCTHII aBTOIMYHHUX
CyOKOpTHKaJILHUX eHIedaniTiB y aiteit [43]. OuiHroBanu
Pe3YyIBTaTH CEPOJIOTIYHHX JOCIIIKEHb CUPOBATKH KPOBI
HA MPEIMET BHABICHHS CICIN(IYHNX aHTHHEHPOHAIBHIX
ABTOAHTHUTLI 10 ABTOAHTUIEHIB TIIOKAMIIIB, SIKI BaJIiJOBaHI
Hapas3i K JabopaTopHi MapKepH aBTOIMYHHUX JIIMOIIHUX
eHredaniTiB y IiTel i JOPOCIHX, a CaMe — aBTOAHTHUTII
JI0 TITyTaMiHOKHCII01 nekapookcuasu (GADA), kamie-
BHX KaHaJIIB HEHpoHiB, ampidizuny, NMDA-penentopis
HetiponiB, GABA, CV2, Yo, Ri, Ma, Hu, AMPAR 112
(ELISA; MDI Limbach Berlin GmbH, Himeuuuna), o
BIJIMOBIJIa€ Cy4acCHUM TMiAX0/aM A0 JiarHOCTUKU aBTOi-
MYHHUX JIMOIUHUX eHnedaiTiB y moxeit [29]. 3okpema,
TaKy JiarHOCTUKY MPOBOJMJIIH Bi/IMIOBITHO JIO TAHUX CHC-
TemaTryHoro orsiny Budhram A. 3i cmiBaBT., IpucBsde-
HOMY BceOIYHOMY aHai3y iH()OPMATHBHOCTI BaJIiTOBAaHIX
METOJIIB MTapaKJIiHIYHOT TIarHOCTUKH aBTOIMYHHHUX JTiMOI4-
HUX eHIeaITITIB y CydyacHii oyt [4].
ABTOIMYHI3aIli0 JI0 Mi€JTIHY BU3HAYAJH 32 CHPOBAT-
KOBOIO KOHIICHTPAIIi€l0 aBTOAHTUTLI 0 OCHOBHOIO O1J1-
Ky mieniny (IPA) ta o3HakaMu HeWpoceHCcHOTi3aIii 10
MieniHy 3 60ky HelTpodiniB Ta CD8+ HUTOTOKCHYHHUX
T-nimdonuris (CBA; Bigain HelipoimyHosorii [HcTuTy-
Ty Heifpoxipyprii HAMH VYkpainu), Sk peKOMEHyI0Th
Singh V.K. 3i criBaBT. [44, 45]. ABTOaHTHTINA [0 MO3a-
MO3KOBUX aBTOAHTUTCHIB BUMIipPIOBAJIU 32 JOTIOMOTOO
METOIly BeCTepH-0110T y naboparopii CineBo (YkpaiHa),
10 BiATOBIa€ 3aralbHOBU3HAHKUM ITiIX0/IaM Y CydYacHii
peBmarororii [17, 48]. 3okpema, aHAI3yBaJH pe3yJIbTaTH
“ANA-npo¢iTro”, 1110 BKIFOYaB BU3HAYCHHS CHISIH(DITHIX
IgG o aBTOAHTHTEHIB siEp KIITHH CIIOTYYHOI TKAHHHU
nRMP/Sm, Smith antigen, RNP-70 -A Ta -C, SS-A, Ro-52,
SS-B, Scl-70, PM-Scl, Jo-1, CEN-pB, PCNA, dsDNA,
Nucleosomes, Histones, Rib P-protein, AMA-M-2 ta “Mi-
03UTHOTO Npoit0” 3 BUMiproBaHHsIM crienudiuaux IgG
JI0 aBTOAHTUTEHIB MOIEPEKOBO-TIOCMYTOBaHUX M’s131B Mi-
2, Ku, PM-Scl, Jo-1, PL-7, PL-12 ta Ro-52 B cupoBariii
KpoBi. O3HAKH CUCTEMHOTO 3aMalieHHs OLIHIOBAJIH 3a
cupoBarkoBoto koHIeHTpariero ®HIT-aneda (N mo 8,1
rr/mi; [®A; CineBo, Ykpaina) 3TiIHO 3 JaHHUMHU CHUCTE-
MaTU4HOTO onsiy Masi A. 3i criBaBr. [22].
CratuctiaHy 00pOOKYy MaTepialy MPOBOIWIN MUIS-
XOM TIOPIBHSJIBHOTO 1 CTPYKTYpHOTO aHami3iB. J{is BU-
3HAYCHHS BIPOTIAHOCTI BIIMIHHOCTEH MK TOKa3HUKaMHU
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y Tpynax CHOCTEPEKEHHSI BUKOPUCTOBYBAIH Iapame-
Tpuunui T-kputepiit CT’rofeHTa 3 MOKa3HUKOM J0Bip4O1
HMOBIPHOCTI p Ta HeTapaMEeTPHYHHUN KPUTEPil — 9ncIio
3HaKiB Z, 32 Ypbaxom 10.B. Biporigaumu BBakanu Bi-
MiHHOCTI Tipr p<0,05 i Z<ZO’05. Js1st BUBYEHHS acolialiii
MDXK TOCTII)KYBaHUMHU ITOKa3HUKAMH 3aCTOCOBYBAIH
MOKa3HUK BigHOIIeHHS maHciB (odds ratio, OR) Ta 95%
noBipuunit iHTepBan (95% CI). [Jnsa npoBeneHHs cTa-
TUCTUYHHUX PO3PAXYHKIB KOPUCTYBAIUCS IIPOTPAMOIO
Microsoft Excel.

JocnimkeHHs: BUKOHYBAJIOCs K (parMeHT HayKo-
BO-J0CHiAHOT poboTH Ha 3amoBieHHs MO3 Ykpainu
(Ne nepxpeectpariii 0121U107940).

PE3VJIBTATU TA iX OBTOBOPEHHS

V¥ nanientiB JI" Oynu inenTudixosaHi 1adopaTopHi
O3HAKH BCIX I’ ITH AOCIIKYBaHUX BUIB aBTOIMYHITETY
JI0O MO3KOBHUX Ta M03aMO3KOBHX aBTOAHTHUICHIB 3 PI3HUM
MEXaHi3MOM PO3BUTKY Ta MIIlIEHSIMHU aBTOArpecii, mpo
SIK1 TIOBIIOMJISUTM PaHillie y pe3ybTraTax po3pi3HEeHUX i
HECUCTEMATU30BAHUX KIIIHIYHUX JOCIIKCHbD, IIPUCBS-
YeHMX OIIHIII aBTOIMYHi3allil sk y aited 3 PAC, Tak i B
narienTis 3 [JIDLI.

JlaGopaTtopHi 03HaKH aBTOIMYHITETY BHSBJICHI CEpel
aitert I B 68% Bunaaxis, npuuoMy IIOHAHMEHIIE y
JIBOX TPETHH i3 HUX BiJ3HAYAIOCS MOETHAHHS KITBKOX
PI3HHUX aBTOIMYHHUX peakii, a B TPETUHI — KOMOiHAaIist
o7pa3y TphOX a00 YOTUPHOX Pi3HUX MPOSBIB ABTOIMYHi-
tety. L{i mani BiAPI3HAIOTHCS BiJl aHAJIOTIYHUX Pe3yJbTa-
TiB B KT, e Oyro BUsBIICHI 03HAKHM aBTOIMyHHHX PEaKIiif

nuuie B 13% sumankis (p<0,05; Z<ZO,05), a xkoMOiHaIi{
Ppi3HHX aBTOIMYHHUX peakuiif — B 3% Bumnazxis (p<0,05;
Z<ZO’05). Taxum unaoM, mis miter 3 PAC, acomiiioBa-
Humu 3 [JI®OI, B mimoMy xapakTepHi J1abopaTopHi 03-
HaKH aBTOIMYHITETY JI0 AOCII)KYBaHHX MO3KOBHX Ta
MT03aMO3KOBUX aBTOAHTHTEHIB, IO HE € TUIIOBUMH IS
3IOPOBUX JITEH aHAIOTIYHOTO reHaepy 1 Biky. MoxHa
TOBOPHTH PO aHOMAIBHUH CHHIPOM HOPYIICHOTO iJI-
TPUMaHHS IMYHHOI TOJIEPaHTHOCTI JI0 aHTUTEHIB BIac-
HOro oprasizmy y nauiextis JI.

Xoua 3apeecTpOBaHi BUMAAKK JTa0OPATOPHUX O3HAK
aBTOIMYHi3allii 10 M03aMO3KOBHUX aBTOAHTUTEHiB B [’
Oyny Jemo YacTilMMHU, HiXkK JJ0 MO3KOBUX aBTOAaHTH-
TCHIB, OJTHAK BIpOTiAHOI Pi3HMIII MiX IHUTOMOIO Baro
3a3HAUYCHUX BHUAIB aBTOIMYHITETY HE Big3HaYasmoCs
(p>0,05; Z>Z, ).

Posnoxin mamientis JII" (n = 225) y nopiBusHHI 3 KI'
(n = 51) 3a BusiBIEeHUMH JaOOPATOPHUMH O3HAKAMU aB-
TOIMYHI3aIlil JI0 Pi3HHUX JOCTIHKYBAaHINX aBTOAHTUTCHIB
OpraHi3My Talli€eHTa HaBeleHUM Ha puc. 1. BignosigHo
JI0 BUSIBIICHUX 5 BUAIB aBTOiMyHIiTeTy I moainuiu Ha
5 migrpyn. Jo 1-1 miarpynu AI' yBifmiau naumieHTH 3
11a60paTOPHUMHU O3HAKAMH aBTOIMYHi3alii A0 MmiIKipKo-
BUX TaHmiiB (n = 72), 10 2-1 — HeilpoHiB Me301iMOI4HOT
cuctemu (n = 81), 1o 3-1 — MieiHy MiBKYJIb BEJTHKOTO
MO3Ky (n = 97), 10 4-1 — saep KIITHH CIOTYYIHOI TKa-
HuHU (n=119), a 10 5-1 — MOMEePEKOBO-MTOCMYTOBAHUX
M’s31B (n = 108).

[NosiBY 03HaK aBTOIMyHHUX peaKIliii MOXKHA ITOSICHATH
CTAHOM IMYHHOT JU3PETyJsAIlii, 3yMOBIICHOIO IMyHO/Ie-
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40%
36%
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20% 17%
16%
12%
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AsToiMyHizauis oo AnToiMyHizauia oo AstoimyHizauia go Ginoi ArToiMyHizauia oo AsToimyHizauin go
nigriprosmx ranrniie LHC  crpysTyp mesonimBiuHol PEYOBMHK NIBKY.Nb HYHAEAPHHX ABTOAHTHIEHIE AETOAHTUIEHIB NONEPERD-
cucTemm LIHC BENMKOTD MO3KY CNONYYHOT THAHWHK NoCMyrosaHIx m'asis
BOr mKM

Puc. 1. Crpykrypa [II" (n = 225) y nopiersani 3 KI' (n = 51) 3a m1aGopaTopHIMY 03HaKaM¥ aBTOIMYyHi3allii 0 pi3HUX aBTOAHTHI'€HIB OPraHi3My IalieHTa
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¢inuToM, SIKUH, K MMOKA3aJIM paHille, Bi[3HAYAETHCS
y aiteit 3 PAC, aconifiopanumu 3 [JI®L] [23]. Lli nani
Y3TOKYIOThCS 3 YHCEIBHUMU ITOBIIOMICHHSIMH 1 pe-
3yJIbTaTaMH KOHTPOJIbOBAaHUX KIIIHIYHHUX JIOCIiKSHb
PO BUSBJICHHS J1abOpaTOpPHUX O3HAK iMyHi3allii 10
PI3HOMaHITHUX aBTOaHTHreHiB y miteit 3 PAC [5, 8, 44,
45], a TaKOX — JAaHUMH HEIIOAABHHOTO CHCTEMAaTHIHOTO
OISy, Ie y3arajdbHeH1 HAaKOMMMYEHI JaHi M0J0 aBTOi-
MYHITETy cepell 3a3Ha4eHOl Kareropii namieHTiB [14].
BonHouac, orpiMaHi pe3ynbTraTi BilIOBIAaI0Th CydacHii
JlokazoBid 0a3i moxao acomianii [JI®IL] 3 miaBunieHuM
PHU3UKOM PO3BUTKY Psly aBTOIMyHHUX XBOPOO MPOTATOM
OHTOTEHE3Y, BKIIIOYAIOUH aBTOIMYHITET 10 aBTOAHTUTEHIB
IMHC [28] Ta cnonyuynoi Tkanunu [40].

TakuM YHMHOM, 3T1THO 3 HAKOITMYCHUMHU JTOTETEp pe-
3yJbTaramu cenapartoro ananisy i PAC, i [JI®L] okpemo
OJIVIH BiJl OJTHOTO acoIliiOBaHI 3 03HAKaMH aBTOIMYHITETY
JI0 MO3KOBHX Ta IT03aMO3KOBUX aBTOAHTHTCHIB, TOMY BH-
SIBIICHHS B JAHOMY JOCIIKCHHI aHAJIOTIYHOI acomiarii
MpH CyKyIHOMY aHautizi y niteit 3 PAC, aconiioBaHUMHU
3 [JI®LI, BumaeThcst 3aKOHOMIPHHM 1 Y3TOIKEHUM 3 T10-
TOYHOIO JI0Ka30BOI0 0a3010 Pe3y/IbTaTiB PaHI0MI30BaHUX
KOHTPOJIbOBAHMX KIIIHIYHUX JOCIHIIKEHb Yy 3a3HaueHii
LApUHi.

Io3utuBHi pe3ynsraru naneni Kanninrem mamm mic-
ue B 32% Bunagxkis cepen giteit Al (p<0,05; Z<ZO’05).
[TepeBaxkanu MO3UTHUBHI Pe3yIbTAaTH BHUMIpPIOBAHHS
AKTUBHOCTI KaJbMOIYJTiHKiIHA3U (65% BUTIAJKIB B Iii
MiATPYIIi), piAlne 3ycTpidanucs aBTOAaHTUTIA 10 JI0-
¢aminoBux penenrtopi 1 Tumy Ta TyOyminy (47% Ta
42% BiAMOBIAHO). ABTOAHTHTIJIA J0 JII30TaHIIIIO3UIY Ta

Jno(haMiHOBUX PELENTOPIB 2 TUILy Oy BU3HAUCHI JIUILIE
B 23% 1 17% cepen miteii niei miarpynu. Kom6Ginarii pis-
HUX aBTOAHTHUTLJI JI0 aBTOAHTUTEHIB MiIKIPKOBHUX TaHIIIITB
BiI3HaYaNIMCs Maibke y BCiX Bunajakax (94% Bunankis
mi€el marpymu) (puc. 2).

HasBHICTS aHTOAHTHTLI 10 TOPAMIHOBUX PEIIETITOPIB
112 THmiB y cCUpOBATIIi KpoBi Oy/a acomiiioBaHa 3 03Ha-
KaMH BHPA3HOI TMEPaKTHBHOCTI Ta rinep30yIHBOCTI,
I0 TyOyJiHy — mposiBAME 00CECHBHO-KOMITYTHCHBHO-
TO CHHAPOMY, J0 JII30TaHNIIO3UAY — TilepKiHe3aMu 3a
THIIOM THKIB, MIOKJIOHIH 1/a00 QUCTOHII, a aHOMAIIbHO
Mi/IBUIIIEHA aKTUBHICTh KaJIbMOAYJIHKIHA3HM — KITiHIY-
HUMM O3HAKaMH aKTHBAIlll CUMITATUYHOI BET€TaTUBHOL
HepBoBoi cucremu (p<0,05; Z<Z, ), o CBiA4HTH PO
HEOJHAKOBHU BILIHB Pi3HUX aBTOAHTHUTLI 10 aBTOAHTH-
reHiB miakipkosux ranriiiB LIHC Ha kniHigHI cuMITTOMA
NCUXi4HO1 XBopoOu y nmiteit JII' i Moxke OyTH BUKOpHUCTA-
HO y JIarHOCTUYHOMY Ta IMPOTHOCTUYHOMY ITUIaHI MPH
KJIIHIYHOMY BEJICHHI TaKHX JiTeH.

ABTOAHTUTILIA JI0 aBTOAHTUTEHIB HEHPOHIB ME30JTiM-
019HOT CHCTEMHU CKPOHEBHX YaCTOK MiBKYJb BEIHKOTO
MO3Ky B CHPOBATIi KpOBi Bi3Havanucs y 81 13 225 mami-
entiB JII" (36% Bunajkis), Toxi sk B KI' Taki aBToaHTHTIIA
He Oynu ieHTH(iKOBaHI B xKomqHOMY BUNaaky (p<0,05;
Z<ZO’OS). Aproantutina 10 GADA mamu micue y A" y
48% BumajkiB cepe AiTed i€l MArpynH, 10 KaTieBUX
KaHaJIiB HeHpoHiB — y 39% Bunankis. Takox 3piaka 3y-
cTpivaics aBroaHTuTLIa 10 amdidizuny (3 ocobu, 5%),
NMDA -peuentopiB HelipoHiB (3 ocobu, 5%) Ta MoeKyau
CV2 (2 ocobu, 3% sumnaaki) (puc. 3). He Oyno xomHo-
ro namienta B /[, y sikoro Oyna koMOiHaIis 3a3Ha9E€HIX

70%

50%

1gG go podamivoenx 1gG oo aodamivosmx
peuentopis 1 THny peuentopis 2 TMOY

a7%
2%
a0%
30%
23%

b 17%
) I

0%

IgG go 1gG po TyGyniHy
nisoraHrniosngy

65%

MocuneHa akTMBHICTb
HanbMOOYNiHKIHa3M

Puc. 2. Crpykrypa niarpynu 1 II" (n = 72) 3a TUHIIOM CHPOBAaTKOBHX aBTOAHTHUTILJ 10 aBTOAHTUTEHIB MiIKipkoBuX ranriiis [{THC

26 ISSN 2664-472X. e ISSN 2664-4738. Medical science of Ukraine / Meouuna nayxa Yxpainu, 2021, Vol. 17, Ne 3



THE RESULTS OF THE SEARCH FOR LABORATORY SIGNS OF AUTOIMMUNE REACTIONS TO CEREBRAL AND EXTRACEREBRAL
AUTOANTIGENS IN CHILDREN WITH AUTISM SPECTRUM DISORDERS ASSOCIATEDWITH GENETI®C DEFICIENCY OF THE FOLATE CYCLE

5% 3%

5%

39%

= AHTHTINA go GADA
= AxTuTing Ao amdidiznay

AHTHTING oo CV2

= AHTWTING 00 KaNiEBMX KaHanis

48%

AxtuTing ao NMDA-peuenTopis

Puc. 3. Crpykrypa nigrpynu 2 JII' (n = 81) 3a TUIIOM CHPOBAaTKOBHX aBTOAHTHTLJ 10 aBTOAHTUICHIB HEHPOHIB ME301IMOIYHOT CHCTEMH CKPOHEBHX YacTOK
IiBKYJIb BEJIMKOTO MO3KY

aBTOAHTHTL, 1110 € BiJIMIHHICTIO BiJl pe3y/JbTaTiB BUBYCH-
HSl aBTOAHTHTI 10 aBTOAHTUTEHIB MiIKIDKOBUX T'aHIVIIIB
LTHC, e Oynm xapakTepHi KOMOIHAI aBTOAHTHTL 10 Pi3-
HUX aBTOAHTHUTCHIB CyOKOPTHKAIBHUX HelpoHiB (p<0,05;
7<Z

0,05)‘

HasiBHiICTh TaKWX aBTOAHTHTLI y CHPOBATIII KPOBI
Oyna acoliifoBaHa 3 BUPA3HIIIMMHU MPOSBAMU TillepaK-
TUBHOCTI Ta rinep30yINBOCTI JUTHHA HA MOMEHT 3BEp-
HCHHS1, aHAMHECTHYHIMU BKa31BKaMH Ha €130 Iepe-
HECCHUX IMCUXO03iB, HAABHICTIO EMIIENITUYHOIO CHHAPO-
My Ta IIMOIIUM KOTHITUBHHM 3HIDKEHHSM OCOOMCTOCTI
(p<0,05; Z<Z ).

JlaGopatopHi 03HaKW aBTOIMYHi3allii 10 aBTOAHTHTE-
HiB 017101 peUOBHHH MiBKYJIb BEIUKOTO MO3KY BiI3Ha4a-
mics B 43% Bunajkis cepen aiteit AT, mro Oyio Biporia-
Ho vacrimie, Hix B KI" (p<0,05; Z<ZO’OS). 31e0ibI10r0
MaJId MiCIle aBTOAHTHUTIJIA JIO OCHOBHOTO OLJIKY Mi€TiHY
(69% BuUManKiB y Wil mATpyTIi), SIKi pO3MILAAIOTHECS HUHI
SK TIPOBITHUN YHHHUK MOIIKOKEHHS 017101 peYOBHHU

MiBKYJIb Y MALI€HTIB 3 PO3CITHUMU ckiiepo3oM [1]. Pigme
BiJI3HAYANINCS MMO3UTHBHI PE3yJAbTaTH OLIHKU KIITHHHUX
MEXaHi3MiB aBTOArpecii 10 aBTOAHTUTEHIB Mi€iHy 61101
PEYOBHHHU MiBKYJIb BEJIMKOTO MO3KY — O3HAKH CEHCHOLTI-
3arii CD8+ nurotokcnunnx T-miM¢pormTiB 10 Mi€TiHy Ta
HelpoceHcuOiTizarii HelTpodinis (24% 1 32% Bunaakis
BinoBinHO) (puc. 4). KoMOiHamii pi3HUX aBTOIMyHHHUX
peakiriii Majgu Miclle y KO)KHOTO YETBEPTOTO Ialli€eHTa
Ii€T MArpyIH, MO BipOTiHO MEHIIE, HiXK Y MAaIli€HTIB 3
03HAaKaMH ayTOIMYHI3allil 10 aBTOAHTUTEHIB T IKIPKOBHX
rauriiis THC (p<0,05; Z<Z, ), onHax Oinblue, HiX y
JITEH 3 mArpyITy aBTOIMYHI3aIlii JO aBTOAHTHTEHIB Me30-
TMMOIYHOT CHCTEMH CKPOHEBUX YaCTOK IiBKYJIb BEIUKOTO
MO3Ky (p<0,05; Z<ZO,05).

HasBHICTh TaKMX aBTOAQHTHUTILN y CUPOBATII KPOBi
Oyrna aconiifoBana 3 BupasHimuMu MP-niposiBamu sieiixo-
eHnedanonarii Ta ¢i3UKaJILHUMHU 03HAKaAMU YPAXKCHHS
MmipaMiIHUX Ta MO30YKOBUX MPOBITHUKOBUX MUISAXIB,
110 KJIHIYHO MPOSBISUIUCS Y BUIIISAI CUMIITOMIB IEH-
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Puc. 4. Crpykrypa niarpynu 3 JI" (n = 97) 3a THIIOM CHPOBAaTKOBHX aBTOAHTHTLI JO aBTOAHTUTCHIB Mi€IiHy 017101 peYOBHHH MiBKY/Ib BEIUKOTO MO3KY
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TpaJbHUX Mape3iB i/ab0 mipamigHOi HEAJOCTATHOCTI Ta
CTAaTUKO-AUHAMIYHOI MO304YKOBOI arakcii BiIIOBIIHO
(p<0,05; Z<Z, ).

OTpuMaHi JlaHi y3TOJKYIOTBCS SIK 3 pe3yJibTaTaMu
KOHTPOJILOBAaHMX KIIIHIYHHUX JOCITIKEHb, IO BKAa3yIOTh
Ha acorriamiro [JI®I] 3 miaBHUIIEHUM PU3UKOM PO3BUTKY
PO3CISTHOTO CKJIEpO3y, OB’ A3aHOTO 3 aBTOIMYHI3aIli€I0
JI0 aBTOAHTUTEHIB MI€JIIHY MIBKYJIb BEJMKOr0 MO3KY [28],
TaK i 3 JAHMMH HAYKOBUX POOIT IIOI0 aHOMAJIBHO 9acTo-
TO BHSIBJICHHS JTA0OPATOPHUX MPOSBIB aHTHMIEIHOBOTO
aBTOIMYHITeTy y aiteit 3 PAC [44, 45].

JlabopaTopHi 03HaKH aBTOIMYHITETY /IO aBTOQHTHUTe-
HIB CHOJYYHO{ TKAHUHM 34 BH3HAYECHHSIM Pi3HUX BUJIB
ABTOAHTUTLJ 10 HyKJIeapHUX OLIKiB Big3Havanucs B 53%
Bunazkis cepen aireit JAI' (p<0,05; Z<Z, ). IlepeBasxa-
T TIO3UTHUBHI Pe3yJIbTAaTH BU3HAYCHHS aBTOAHTHTLI JI0
RNP-70 -A ta -C, PM-Scl, PCNA ta AMA-M-2, ski
MaJIH MicIle y OUTBIIIOCTI BHITAKIB Cepe/l MAIi€HTIB i€l
migrpymu (p<0,05; Z<Z0,05). Pimnie 3ycrpivanucs as-
toanTuTia 1o nRMP/Sm, Smith antigen, Ro-52, SS-B,
Scl-70, Jo-1, CEN-pB, dsDNA, Nucleosomes, Histones,
Rib P-protein, koxxeH 3 sskux OyB 3apeecTpOBaHUN He
Oinbllie, HIXK B TPETHHI BUIIAJIKiB CEPE]l MAIIEHTIB i€l
nigrpynu (puc. 5). Maiike 3aBxIu Mau Miciie KoMOi-
Hallii pi3HUX aBTOAHTUTIN 10 HyKJICAPHUX AaBTOAHTUTCHIB
CIIOJIYYHOT TKAHWHU Y OJHOTO MAI[iEHTA.

L1i cupoBaTkoBi aBTOAHTUTINIA Oy/IM OB’ sI3aHi 3 aHa-
MHECTHUYHUMH BKa3iBKaMU Ha €Mi30[1 TEPEHECEHUX
apTPHUTIB 1/a00 MEPCUCTYIOUNX apTpanriii Ta Mianarii y
aireit [AI' (p<0,05; Z<Z ;). Came cepe nauieHtis uiei
MiArpynu 3apeectpoBano Bci 11 Bumankis MP-o3Hak
TUQY3HOI BaCKyJIONaTii ApiOHUX 1epeOpabHUX apTepiid,
siki BizHauanucs B JII. OTpumani 1aHi y3roKyOThCS 3
pe3ybTaTaMi PaHJOMi30BaHHX KOHTPOJIbOBAHHUX KITIHIY-
HUX JOCIiKeHb moa0 acomiamii IJIMI] 3 miaBuieHum
PU3UKOM PO3BUTKY PEBMATHYHUX XBOPOO, BKIIOYAIOYU
CUCTEeMHHU YEPBOHUIN BOBYAK, JJIS SIKOTO XapaKTepHa
MPOAYKILisl aHTUHYKJIEApPHUX aBTOAHTUTLI [40].

JlaboparopHi 03HaKW aBTOIMYHi3allii 10 aBTOAHTH-
TeHIB MOIIEPEKOBO-IIOCMYTOBAHUX M’SI3iB MaJli Miclie B
48% BumajkiB cepen narientis [I, Maibke 3aBXIu — y
BHIJISIIII KOMOIHAIIIH PI3HUX aHTHUM SI30BUX aBTOAHTHUTLII,
tofi sik B KI' mo3uTHBHI pe3ysibTaTH OI[iIHKK aBTOIMYHi-
3amii Jo M’s31B 3apeecTpoBani nuire B 15% BUManakis,
3MIeOUTBIIIOTO — Y BHIVISII TIOOJMHOKHX MTO3UTHBHUX Pe-
syabraris (p<0,05; Z<Z0,05). IlepeBarkanu CHpOBaTKOBI
aBroanTuTiia 10 Mi-2, Ku ra PM-Scl, Toxi sik aBToaHTH-
tina 1o Jo-1, PL-7, PL-12 Ta Ro-52 3ycTpivanucs maiixe
pagiui piame B JI" (p<0,05; Z<Z0,05) (puc. 6).

ITosiBa TakMX aBTOAHTHUTIN y CHPOBATI KpOBi Oyna
acoliiioBaHa 3 aHaMHECTUYHUMU BKa3iBKaMHM IIOJ0 MH-
HYIIMX TEPioiB MIABOCTI Ta OOMEKEHHS PyXOMOCTi 1/
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Puc. 5. Crpykrypa nigrpynu 4 I (n = 119) 3a THIOM CHPOBAaTKOBUX aBTOAHTHUTILN 0 HYKJICaPHUX aBTOAHTUICHIB CIIOIYYHOI TKAHMHHU
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Puc. 6. Crpykrypa migrpymu 5 II' (n = 108) 3a THIIOM CHPOBAaTKOBUX aBTOAHTHTLI JI0 aBTOQHTHUICHIB ITONIEPEKOBO-IOCMYTOBAaHHUX M sI3iB

ab0 MposiBaMH MiO3HTIB Pi3HUX I'PYI MOIEPEKOBO-II0-
CMYTOBaHOI MyCKYJaTypH, a TaKOX — IIHOIINMH ITOpY-
IICHHSIMU PO3BUTKY APiOHOI MOTOPHKH KHCTEH y miTei
AT (p<0,05; Z<Z0,05). Y it miarpyrmi Majio miclie Bu-
pasHille 3HWKEHHS CHITN CKEJICTHUX M’ S3iB y 0Ci0 3 03-
HaKaMH YPKCHHS MipaMiTHUX MPOBIIHUKOBHX IIJISAXiB
HHC (p<0,05; Z<Z0,05).

SIKIIO TOBOPUTH IPO MEXaHi3M PO3BHTKY aBTOi-
MYHHHX peakuiil y manientiB 3 PAC, acouilioBaHuMH 3
TZI®II, To 3riIHO 3 HAKOMMYECHUMH JIOTETED JOKa3aMHu
BBa)KAIOTh, 1[0 TPUTEPAMH aBTOIMYHITETY BHCTYIIAIOTh
37e01IBIIOro ACsIKi OMOPTYHICTUYHI Ta YMOBHO MaTo-
TeHHI MIKpOOHI areHTH, KOHTPOJIb HaJl SIKUMU aHOMAaJIb-
HO 1OCJIabJIeHO Yepe3 HasABHICTh IMyHHOI TUCQYHKIIII,
symomienoi [JIPI] [23]. [cHyroTh mifcTaBu BBaXKaTH,
10 Pi3HI MIKpPOOPraHi3MU YHHATH HEOJHAKOBUH BIUIHB
Ha PO3BUTOK aBTOIMYHHHUX peaKIlii, a ieHTHUdIKaIis

3B’A3KiB MiXX BHJIOM MiKpOOPIaHi3My Ta THUIIOM IIOB -
3aHOTO aBTOIMYHHOTO YPaXXEHHS MOXKe OyTH KOPHCHUM
JUTSL parioHAJIEHOTO IUTAHYBaHHS Ja00paToOpHUX Ta iH-
CTpYMEHTAJIbHUX MaPaKIIiHIYHUX 00CTEKEHb, TPOBEICH-
HsI MOHITOPHUHTY 1 MPOTHO3YBaHHs, a TAKOXK — Mia0opy
aJicKkBaTHOI Tepamii. Pe3yapTaTy BUBUCHHS acoIliallii
MIX MIKpOOHHMH areHTaMH, sIKi BiJI3HAYAIOTHCS y Ji-
teit 3 PAC, noB’s3anumu 3 IZIPLI, Ta 3apeectpoBaHUMU
na00paTOPHUMH O3HAKaMHU aBTOIMYHITETY HaBEICHI y
Ta0IHII.

Sk BUJTHO 3 JaHWX TaOMUIl, pi3HI MIKpOOpPTraHi3MHu
OyJH MO-pi3HOMY acoliiioBaHi 3 1a00paTOPHUMU O3HA-
KaMH{ THX YH 1HIIUX aBTOIMYHHHUX peakKiiiii cepen miTei
I Illono Candida albicans, Yersinia enterocolitica,
Mycoplasma pneumoniae i Chlamydia pneumoniae He
OyJ10 BUSIBJICHO JKOJTHUX aCOIIiallii, ToMy I1i 1aHi He Oyiu
BKJTIOUeHI B Ta0nmuio. EBV 3-moMix iHIINX 10CTi Ky Ba-

Tabmurs

PesyabraTn BuBuenns acouianii (OR; 95% CI) mikpoOuux areHTiB i 1a6opaTopHuX 03HAK aBTOIMYHHUX peakiiii cepesn
nauienTiB A" (n=225)

ABTOIMYHi3ais AT 10 Me301iM- ABTOIMYHI3a1ist AT 10 HyKJIeapHUX AT /10 nonepeko-
Ioxa3nuk A0 HNiAKIpKOBHX 0iyHOl cucTremMu 10 01J101 pe4OBHHU | AHTHIEHIB CIIOTYY- BO-IIOCMYTOBaHHUX
TaHLIiiB MO3KY MiBKYJIb HOI TKAHMHH M’s13iB
EBV 1,0643; 2,3061; 5,1506; 3,1157; 3,0172;
0,5112-2,2156 1,2038 - 4,4177* 2,4717 - 10,7329* 1,6156 - 6,0087* 1,5664 - 5,8118*
HHV-6 0,9903; 3,2356; 3,1130; 2,9229; 2,4596;
) 0,4773 - 2,0546 1,6637 - 6,2926* 1,5662 - 6,1873* 1,5192 - 5,6237* 1,2851 - 4,7076*
HHV-7 1,1922; 2,6248; 2,8632; 2,5750; 2,3861;
0,5693 - 2,4968 1,3633 - 5,0535%* 1,449 - 5,6576* 1,3417 - 4,9421%* 1,2478 - 4,5628%*
Strept 13,2407, 1,7667, 1,6045; 1,7961; 1,7855;
CPIOCOCEUS 1 62118 -28,223* | 0,911 - 3,4262 0,8461 - 3,0426 0,9453 - 3,4125 0,9398 - 3,3923
Borrelia 5,9325; 1,9146; 2,5071; 3,3750; 4,7884;
2,8312 - 12,4308* 0,9902 - 3,7021 1,3093 - 4,8007* 1,7376 - 6,5555* 2,4216 - 9,4686*
Toxoplasma 1,7113; 2,2475; 1,3977; 1,7457; 1.9436;
P 0,8933-3,2785 1,1773 - 4,2907* 0,7383 —2,6462 0,9193 - 3,3150 1,0215 - 3,6982
TTV 1,8214; 2,1202; 2,1656; 2,0165; 2.1821;
0,9487 - 3,4967 1,0915 - 4,1184* 1,1350 — 4,1321%* 1,0586 - 3,8412* 1,1439 - 4,1627*

IIpumimka. * - a=0,05
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HUX MIKpOOHHX areHTiB OyB HalTicHilIe acoriiioBaHMi
3 PO3BUTKOM aBTOIMYHHHX peakuiil y miteit I Tax,
EBYV 0yB acomifioBanuii 3 1a00paTOpHUMHU 03HAKaMU
ABTOIMYHHUX peaKIliii 0 aBTOAHTUTEHIB Me30TIMOI19HOT
CUCTEMH TIBKYJIb BEJIMKOTO MO3KY, 017101 peYOBHHH TIiB-
KyJIb BEIUKOTO MO3KY, Sep KJIITHH CIIONyYHO! TKAHIHHU
Ta MONEPEKOBO-TIOCMYTOBaHUX M’53iB. 30KpeMa, 11eH-
tudikamis EBV 30iibI1ye mancu BUSBUTH TO3UTHBHI
nabopaTopHi 03HAKHM aBTOIMYHI3allii 10 MiediHy 01101
PEYOBHHU MIBKYJb BEJIIMKOTO MO3KY LIOHalMEHIIE B 5
pasiB, 0 HyKJICAPHUX Ta M 30BUX aBTOAHTHUICHIB — B
3 pasu, a 10 O61IKiB HEHPOHIB Me30y1IMOIUHOT cucTeMH
MO3Ky — B 2 pasu. Lle BiInoBia€ HAKOITUUEHUM JIOTEep
JI0Ka3aM MIOJI0 YYacTi LOTO BipyCy y pojli TpUrepa npu
PO3BHUTKOBI aBTOIMYHITETy B OpraHi3mi Jronuad. Jligu-
PYIOUy pOJb IILOTO BipyCy MOXKHA OB’ SI3aTH 3 ITHPIITAM
apceHaJoM MEXaHi3MiB 1HAYKIIT 3pUBY IMyHHOT ToJIe-
PAHTHOCTI JT0 aHTHTCHIB BIACHOTO OpTraHi3My. 30Kpema,
EBYV BuKopHCTOBYE HE TUIBKH MEXaHi3M MOJICKYJIIPHOT
MIMIKPpii, K i OUTBIIICTh IHITUX TOCHIHKYBAHUX MIKPO-
OpraHi3MiB, a i HMOJIKIOHANIBHY aKTHBaIil0 B-m1imMdo-
uutiB [1]. Pe3ynpratu meTa-aHanizy paHioMi30BaHUX
KOHTPOJIbOBAaHUX KIIIHIYHUX JOCIimKkeHb Li Z.X. 31 cIiB.
BKa3yoTh, 0 EBV € TpurepoM po3BUTKY aBTOIMYH-
HOT peakI(ii Ipu CUCTEMHOMY YEpBOHOMY BOBUAKY Y
mofieil, 1ab0paTOPHUM MapKepOM SIKOTO € aHTUHYKJIe-
apHi aBTOAHTHUTINA, IO 3TiTHO 3 pe3yabTaTaMu JaHO-
TO JOCIIKEHHS BiJJ3HAYAIOTHCS y OUIBIIOCTI JiTeH 3
PAC, aconiioBarumu 3 [JI®I] [17]. [lani MeTa-aHami3y
1 CHCTEMaTHYHOTO OTIISY PaHAOMI30BaHUX KOHTPOJIBO-
BaHUX KIIHIYHUX Hociimkenb Almohmeed Y.H. 3i cmiB.
MiATBEPUKYIOTh, 0 EBV acorifioBanuii 3 po3BUTKOM
ABTOIMYHHOI peakIlii Mpu po3CisTHOMY CKJIEpO3i, KOJIH
BiJI3HA4al0THCS J1a0OpaTOpHi 03HAKM aBTOIMYHi3alii 10
ABTOAHTHUTEHIB Mi€JiHy 01101 pe4OBUHU MiBKYJIb BEJH-
KOTO MO3KY, IO BiITIOBi1al0Th pe3yNbTaTaM OI[iHKH Bij-
noBigHO{ aBTOIMyHi3amii y aiteit A [1]. Pesynsratu
KOHTPOJIBOBAHUX KITIHIYHUX JOCTiIKCHb BKa3ylOTh Ha
pons EBV sk Tpurepy po3BUTKY aBTOIMYHHOI peakitii
IIpY aBTOIMYHHUX JIMOIYHNX eHnedamirtax [42] ta mgep-
MaToMio3uTi [48], MpH SKUX BiA3HAYAOTHCS MO3UTHUBHI
pe3yiabTaTd BU3HAUCHHS aBTOAHTHTIN BiJMOBIIHO 10
ABTOAHTHTCHIB HEHPOHIB Me301iMOiuHOT crctemu [THC
Ta aHTHM S30BUX aBTOAHTHUTLI Y CHPOBATLI KPOBI, IO
Oynu inentudikoBani y namienti JI. L{i naHi moBHi-
CTIO TIOSICHIOIOTh BHSIBJIICHMH narTepH acorianii EBV 3
1ab0paTOPHUMHU O3HAKaMU aBTOoIMyHi3auii y aiteit JI.
AHasnoriuHi 0Ka31 HaKOIMUUYEH] Hapa3i 00 acoLli-
aIii 1HMUX JOCIiAXKYBaHUX MIKpOOPTaHi3MiB i CHenu-
(iuHOrO MIKPOOHOTO CIIEKTPY, XapaKTEpHOTO JUIsl IMyHO-
nedinuTty, moB’s3anoro 3 [JIP1], 3 aBToOiIMyHHIMH peak-
IISIMHM 10 MO3KOBHX Ta I103aMO3KOBHUX aBTOAHTUTEHIB.
Tax, HHV-6 i HHV-7 manu noniouuii 3 EBV po3-
MO acomialii 3 J1a00paTOpHUMHU O3HAKAMHU aBTOi-
MyHi3allii 10 aBTOAHTUTEHIB, 10 MOYKHA MOSICHUTH Oi-
OJIOT1YHOIO CIIOPIAHEHICTIO IIUX MIKPOOHHUX ArcHTIB,

OJIHAK IIIAHCHU BUSBJICHHS TUX YU IHIIMX aBTOIMYyHHUX
MOPYIIEHb MPH MO3UTUBHUX Pe3yIbTaTax BipycoJyIoTiy-
HUX TecTiB 3 izenTudikarii HHV-6 i HHV-7 Gynu Hiok-
YUMH, HIX Y BUNaAKy peakrusaiii EBV. IlpucytHicTs
[MX BipyCiB B pEaKTHBOBAHOMY CTaHI IiJBUIIYBaJIU
MIaHCH BUSBUTH CEPOJIOTIUHI JJAOOpaTOPHI 0O3HAKH aB-
TOIMYHI3aIlil 0 MO3KOBHX aBTOAHTHTCHIB MMOHAWMEH-
e B 3 pasu, a 10 M03aMO3KOBUX aBTOAHTHTEHIB — B
2-2,5 pa3u. BinmnmoBigHO 10 HBOTO, pe3yabTaTH MeTa-a-
HaJli3y paHJAOMi30BaHMX KOHTPOJIbOBAHUX KIIHIYHUX
nochimkeHs Pormohammad A. 31 cniB. BKa3yloTh, 1110
HHV-6 € Tpurepom 3puBy iMyHHOI TOJIEPAaHTHOCTI A0
ABTOAHTUTEHIB 015101 PEYOBUHH MiBKYJb BEJIMKOTO MO3KY
IIPY PO3CISTHOMY CKJIEPO3i, TP SKOMY BiA3HAYAIOTHCS
aHaJoOTi4Hi TabopaTOpHi MapKepH aBTOIMYyHi3alii 0
mieniny [IHC, mo i cepen miteii JI" [32]. Broccolo F.
31 CITiB., BUSBUBIIN CEJICKTUBHY peaktupaiito HHV-6
Cepe MaIliEHTIB 3 aBTOIMYHHUMHE XBOPOOaMH CITOTYIHOT
TKaHWUHH 1 M’SI31B, IJIS SIKUX XapaKTePHAM € aHOMATbHHAN
CHHTE3 BiIIOBITHO aHTHHYKJICAPHUX Ta aHTUM SI3EBHX
ABTOAHTHUTII, OOTPYHTOBYBAJIX POJIb LEOTO B IKOCTI TPHU-
repy po3BHUTKY aBTOIMYHHOI peakLii B IIUX BUnaakax [3].
BcranosneHo, 1o TpadconbdakropHa mirpauis HHV-6
JI0 HeHpoHiB TinmokamtiB [ 13] Ta mozmanblia excripecis Ha
IIUX KJIITHHAX BipyCHMX OLJIKIB CIIpHsi€ aBTOIMYHi3amii
JI0 aBTOAHTUTEHIB HEHPOHIB Me30IIMOIYHOT CHCTEMU
CKPOHEBHX YaCTOK IBKYJIb BEJIMKOTO MO3KY 3 PO3BHUT-
KOM aBTOIMYyHHOTO JJiMOigHOTO eHnedaity [31], xoua i
ormrcani HHV-6-ianykoBani Gopmu iHGEKIIHHIX TiM-
0iuHuX eHIredaiTiB y srozaei [41]. Linnoila J.J. 31 cmiB.
y CHeMiajJbHO CIUTAHOBAHOMY KJIIHIYHOMY JIOCIIKCHH1
BKasanu Ha cumynbranTtHe BusineHHs JJHK HHV-6 Ta
aBroanTuti 10 NMDA- i GABA-penentopis HeipoHIB
rinoKaMmIiB B 1epeOpoCHiibHIN piuHI y Nali€HTIB 3
O3HaKaMu JiMOiYHOTO eHuedaniTy, o BKa3ye Ha 3Mi-
manuid MexanizM ypaxkeHHst LIHC y OaraTbox naiieHTiB
[18]. BinnmoeigHo 10 mporo, Venancio P. 3i cmiB. onucanu
MOKA30BUI KIIHIYHUII BUMAZOK PO3BUTKY aBTOIMYyHHOTO
TiMOIYHOTO CHIe(ATIiTY, IPU IKOMY TPUTEPOM PO3BUTKY
aBTOIMYHHO{ peaxilii 10 HeWpOHiB TimoKaMIIiB Oyia pe-
axktuBoBana HHV-7-indexuis [46].

Streptococcus pyogenes OyB acomiifOBaHUN TUTEKH
3 J1abOpaTOPHUMH O03HAKAMHU aBTOIMYHHOTO CYOKOPTH-
KaJIbHOTO eHIle(aiTy, Maroun BY3bKHH CITIEKTP acolli-
aIfiil 3-MOMDXK IHIIMX JOCTIIPKYBaHUX MMATOTCHIB, OJJHAK
BUSIBJICHA acolliallis Oyia HATICHIIIOW cepes YCiX BH-
SIBIICHUX Y JJAHOMY KJIIHIYHOMY JTOCIiKeHHi. 30Kpema,
igenTudikamisa Streptococcus pyogenes Oyina moB’si3aHa
31 3pOCTaHHSM IIAHCIB BUSIBUTH aBTOAHTHUTLI O HEUPO-
HiB MIJKIPKOBUX A7€p MiBKYIIb BEJIMKOTO MO3KY B CHPOBa-
Tii Kposi martienrta JI” monaiimMene B 13 pasis. Li nani
BIIMOBi1at0Th cydacHii koHuenmii PANDAS y nmirteii [7].

Borrelia nmpogeMoHcTpyBaia KOMOiHOBaHUi IATTEPH
acolriarii, JeMOHCTPYIOUH JesKi CIIIbHI BIACTHBOCTI
3 TeprecBipycaMu, 301IbIIYIOUH MAHCH 1MeHTH KA
O3HAK aBTOIMYHHHX PEaKIlii 0 aBTOAHTUTEHIB MIETIHY
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615101 peuOBHHU MIiBKYJb BEJIUKOTO MO3KY, SiA€p KIITUH
CHOJyYHOI TKAHUHU Ta OiJKiB IONEPEKOBO-TIOCMYTO-
BaHMX M’s3iB B 2, 3 i 4 pasu BignosinHo. OnHak, Ha
BiIMiHYy Bix reprecsipycis, acomiamnii 3 1abopaTopHu-
MU O3HaKaM¥ aBTOIMYHHUX JIIMOIUHUX eHIedamiTiB He
BigzHauanocs. B Toi camuii yac, Borrelia momgiono 10
Streptococcus pyogenes JeMOHCTpyBaja acolliallio 3
naboparopanmu o3Hakamu PANS/PITANDS/PANDAS,
30UTBIIYIOYH ITAHCH BUSBIICHHS TO3UTHBHUX PE3YJIbTATIB
naneni Kanniarem monaiimene B 5 pasis. Li gani Bijg-
MOBIZIAl0Th PE3yNbTaTaM HEelllOJaBHBOTO CUCTEMAaTHYHOTO
orsiay, migroroineHoro Rhee H. 3i cmiB., B sskoMmy 0op-
pernio3 MO3ULIOHYETHCS SIK APYTHil 32 4aCTOTOO Micis
Streptococcus pyogenes Tpurep po3BUTKY aHTHUHEUPO-
HaJHHOI aBTOIMYHHO{ peakiii mpu cyOKOPTHKAJIbHUX
aBTOIMYHHUX eHIle(altiTax y JIFOIeH, 0 TO3HAYaI0ThCS
akponimamu PANS/PITANDS/PANDAS [35].

Toxoplasma gondii Mana HaiByk4nii 1 HaicaaOIHi
marep acorjiamnii 3 J0CTiPKyBaHUMA 03HAKaMH aBTOIMY-
HITETY, 30UIBIIYIOYH TAHCH BHSBICHHS aBTOAHTHTLI 0
aBroanTureHis rimokamiis [{HC B cuposariii KpoBi naiti-
enra [II' B moHaiimMeHIe 2 pasu. BiamnosinHo 1o 1poro,
Cai X. 3i cIiB. MOBIJOMUIIH PO PO3BUTOK TOCTPOTO JiM-
6iunoro aHTu-NMDA-eH1eaniTy 3 mopyIIeHHIM IICH-
XI4HOI AiSUTBHOCTI ITPU peaKTHUBALlil TOKCOIIa3MEHHO] iH-
(bexwii, IpUUOMy OBHE YCYHEHHS KIIIHIYHUX CHMIITOMIB
aBTOIMYHHOI XBOpoOU BiOysocst micist 10-1eHHoro Kypey
A3UTPOMINMHY JUTS IPUTHIYEHHS PEIPOLYKIIil TOKCOII-
na3Mu 0e3 BUKOPUCTAHHS IMyHOCYIIPECHUBHOI Teparrii 3
MIPUBOY aBTOIMYHHOI peakilii mpotu Heiiponis [THC [6].

TTV nponeMoHCTpyBaB pO3MOALT acoIiallii, mojio-
HUH JI0 TAKOTO y TePIeCBIpPyCiB, 1O OYyJI0 MOB’A3aHO 3
OIHOYAaCHHM BHSIBICHHSM IIUX BipYCiB Y OMHOTO TAIli€H-
Ta B OUIBIIOCTI BUMAJKIB 1, MOXKJINBO, IIEBHOKO B3a€MO-
JIi€I0 MK 3a3HaYCHUMU iH(EKI[IHHUMYU areHTamu. Tak,
Borkosky S.S. 3i cniB. mokasanu, mo EBV ctumyintoe
PenpoayKTUBHY akTUBHICTh TTV, 10 cripusie CUITBHIIIO-
MY BIUIMBY IIbOTO BipyCy Ha 3pHB iIMyHHOI TOJIEPAHTHOCT]
JI0 Mi€JIiHy 01101 pe4OBHHU MiBKYJIh BEIHKOTO MO3KY
IpU pO3CiTHOMY cKiIepo3i [2]. OmHak BUABIEHI 3B’ SI3KH
TTV 3 n1abopaTopHUMH O3HAKaMHU aBTOIMYHITETY Oynu
c1aOKUMH — Ha PiBHI JBOKPATHOTO 3pOCTaHHS PHU3UKY
PO3BUTKY aBTOIMYHITETY MPH PEaKTUBALIIT ILOTO OMOPTY-
HICTUYHOTO areHTy 3 MepCHCTYIOUOTro CTaHy. SIKImo mpo
poinbe TTV y sIKOCTI Tpurepa mpu po3cissHOMY CKJIEPO3i
[37] Ta aBroimyHHHX JiMOiuHUX eHuedamiTax [31] Bxe
MOBIAOMJISUTM PaHillie, TO JIaHi 00 acoIliailii I[bOro
BipycCy 3 aBTOIMYyHi3alli€lo A0 M03aMO3KOBUX aBTOAH-
TUTEHIB — SIACP KIIITUH CHOMYyYHOI TKAHUHH Ta OiNKiB
MOMEePEKOBO-TIOCMYTOBaHUX M’sI31B — BBA)Ka€MO HOBOIO,
OCKUIBKM HE 3HAWIIIU BiAnoBigHOI iHpopmanii B no-
CTYMHIN HayKOBiH JIiTepaTypi.

TakuM 4YMHOM, CEPOJIOTIYHI O3HAKU aBTOIMYHi3aIlii
JIO aBTOAHTUTCHIB ITiIKIPKOBUX TAHTIIITB IBKYJIb BEJIH-
KOro MO3KY OyJIM acolliifoBaHi TUTbKH 31 Streptococcus
pyogenes Ta Borrelia, JeMOHCTpYIOUH TICHI 3B’ I3KH MIX

JOCII)KYBaHUMH (DeHOMEHAMHU, TOA1 5K JIabopaTopHi
03HAKH {HIIMX aBTOIMYHHHMX PEaKIiii Majy OIMPIINii
MaTTEePH acomiallii 3 Mikpo6aMu JOCIiAKYBAaHOTO CIICK-
TPY, SIKi B miJIoMy Oynu CTaOIINMHU, Hi’K IPH MO3UTHB-
HUX pe3ynbrarax maneni Kanninrem. Tak, 1abopatopHi
O03HAKW aBTOIMYHHHX JIMOIYHUX eHIedaniTiB Oyiau
acomiiioBani 3 EBV, HHV-6, HHV-7, Toxoplasma Ta
TTV, a aBroiMmyHHOI AeMieniHizalii B Ol pe4oBHHI
MiBKYJIb Belnkoro mo3ky — 3 EBV, HHV-6, HHV-7,
Borrelia Ta TTV. JlabopaTropHi 03HaKH aBTOIMYHi3alil
JI0 TTI03aMO3KOBHX aBTOAHTUTEHIB B I[IIOMY AEMOHCTPY-
BaJIM LIUPHIMK MAaTTEPH acolialiil 3 JocIiaKyBaHUMU
MIKpOOpPTaHi3MaMHU MOPIBHSIHO 3 aBTOAHTUT€HAMU TO-
JIOBHOTO MO3KY, OJIHaK TICHOTa TaKUX acomiariil Oymna
MeHIow. Tak, aBTOAHTHUTINIA 10 AaBTOAHTUTEHIB sJIep
KIIITHH CIIOTYYHOI TKAaHWHHU Ta O1IKiB IOIIEpEeKOBO-TIO-
CMyTOBaHUX M’s31B Oyiu acorniiioBani 3 EBV, HHV-6,
HHV-7, Borrelia Ta TTV, onnak He 3 Toxoplasma gondii
Ta Streptococcus pyogenes.

BUCHOBKH

OTprMaHi aHi JO3BOJSTIOT TOBOPUTH PO HASBHICTD
1a00paTOPHUX O3HAK CHHAPOMY MOPYIICHOI iIMyHHOT
ToJepaHTHOCTI y aitel 3 PAC, acomiioBanumu 3 [ /D11,
10 MOYKHA TIOSICHUTH B1IOMHUM CTAaHOM IMYHHOT Au3pe-
rynauii B Takux Bunankax [23]. [nentudikoBano m’ At
PI3HUX BUJIIB aBTOIMYHITETY 3 BIIMIHHIMU MEXaHi3MaMU
1 MIIIIEHSIMM aBTOArpecii, TpH 3 IKUX CHPSIMOBAHO IIPOTH
ABTOAHTUTEHIB cipoi 1 6101 pewoBuan L{HC, Brirogatoun
AQHTUTCHH TilOKaMIIiB, CyOKOPTUKAIBHUX TaHIIIiB Ta
MIEITHY MBKYIb BEUKOTO MO3KY, & JIBa — JIO TT03aMO3KO-
BUX OUIKIB siJIep KJIITHH CITOIYYHOI TKAHWHH Ta ToTepe-
KOBO-ITOCMYTOBaHHX M’s31B. Y PO3BUTKY eHIle(hanonarii
y aiteit 3 PAC, acomiiioBannmu 3 I'JIOI1, MoxyTh pobutn
BHECOK HE TUTbKH aBTOIMYHHI PeaKIlii 10 MO3KOBHX aB-
TOAHTHUTCHIB, OMHAK 1 M03aMO3KOBHI aBTOIMYHITET. 30-
Kpema, iIMyHi3allisl 10 AepHUX aBTOAHTUTEHIB CIIOIYyYHOT
TKaHUHU MOX€E TPU3BOAUTH 10 PO3BUTKY BACKYJIOMATii
uepeOpalibHUX apTepild, a aBTOIMyHHE ypakKeHHS I10-
MEPEKOBO-TIOCMYTOBaHOT MYCKYJIaTypH — MOCUITIOBATH
MIPOSIBY TIipaMiZiHOT HerocTaTHOCTI. KoXeH 3 BUSABICHUX
BUIB aBTOIMYHITETy HOB'S3aHUH 3 BIAMIHHUMHM KJIiHi-
KO-PaJIi0JIOTIYHIMH CHMITTOMaMH, HalO1TBIIT IMOBIPHO,
BHUILTUBAIOYH Ha PiBeHb ()I3UYHOTO 1 TICUXIYHOTO 3]10-
poB’s miTelt. JlocmimpkeHHs acoltialliii mpoJuBae CBITIO0
Ha MOTCHIIIHHI MeXaHi3MH aBTOIMYHI3aIlii y aitel 3 PAC,
acomioBanumu 3 ['JI®L], 1eMOHCTPYIOUH 3B’ SI3KH MiXkK
MEBHUMH BUAAMH aBTOIMYHITETY Ta pEaKTUBOBAHUMU
ONOPTYHICTUYHUMHU H YMOBHO MATOr€HHUMHU MIKpOOp-
ra”izMamu creuruiyHoro CreKTpy 3 BiIOMUMU BIIACTH-
BOCTSIMU 3J1ICHIOBATH 3pUB IMyHHOI TOJIEPAaHTHOCTI 10
AQHTUTEHIB BIIACHOTO OPTaHi3My B YMOBaX iMyHOCYTIPECii.
InenTngikoBaHi 03HAKM aBTOIMyHHHX PEaKIii MOXYTh
OyTu 00’€KTOM ¢(PEKTUBHHUX TEPANCBTUYHIX BTPYIaHb,
CHPSIMOBAaHHUX Ha JOCSITHEHHS MPOTPECY y ICUXITHOMY
i pismaHOMY pO3BUTKY nited 3 PAC, acoriiioBanuMu 3
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I'J1®1L, mstxoM KOCSTHEHHS HEHponpoTekii 3a paxy-
HOK MPUTHIYEHHS aHTUMO3KOBOTO aBTOIMYHITETY, LI0
CJIiJI IEPEBIPUTH Y CTEIiabHO CIITIAHOBAHHUX KIITHIYHUX
IOCHIDKEHHSX.
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AKTYyalIbHOCTh. Pe3ynbTaThl MATH MeTa-aHaIM30B PAHAOMH3HPOBAHHBIX KOHTPOIMPYEMbIX KIMHUYECKHX HMCCIEOBAHUNA CBHJE-
TEJNBCTBYIOT 00 accommaiuu reHerndeckoro nedunuta domarnoro nukia ([DIL) u paccrpoiicts cniekrpa aytusma (PAC) y mereii.
Oco0yro posb B matorenese dHiedanonaruu y nereit ¢ PAC, ceszanabivu ¢ [JIDL], oTBOASIT ayTOUMMYHHBIM MEXaHU3MAaM.

Ieab: U3yuuTh CTPYKTYPY ayTOUMMYHHBIX peakuuil y nereit ¢ PAC, csizannbix ¢ IJIDL, cormacHo HaKOIUIEHHOMW JloKa3aTenbHON
0a3e M ONpEeAeNUTh aCCOIHAINN JJAOOPATOPHBIX MIPU3HAKOB AyTOMMYHUTETA W BBISIBICHHBIX MUKPOOPTAHH3MOB ISl YTyUIICHNUS TIOHHU-
MaHUs AaTOTeHe3a YHIE(PATONATHH U COBEPIICHCTBOBAHMS aJITOPUTMOB AUATHOCTUKY, MOHUTOPHHTA U JIEICHMSI.

MarepuaJjibl 4 MeTObl. PEeTpoCIeKTHBHO IPOAHANIN3UPOBAHBl MEAULIMHCKUE JaHHbIe 225 eteid B Bo3pacte ot 2 10 9 et ¢ [J1DLI,
Yy KOTOPBIX OTMeYauch kinHudeckue rposisienus PAC (183 manbunkoB u 42 neBoukn). Jlnarno3z PAC ObL1 BHICTaBIIEH I€TCKUMU TICH-
xuatpamu 1o kputepusiMm DSM-IV-TR (Diagnostic and Statistical Manual of mental disorders) u ICD-10 (The International Statistical
Classification of Diseases and Related Health Problems) (uccnenyemast rpynma; UI'). B korTponshyto rpymmy (KI') otHecn 51 ximunu-
YEeCKH 310pOBOTO pedeHKa (37 MaJbuuKoB U 14 1eBOYEK) aHAIOTHYHOTO BO3PACTHOTO M TEHICPHOTO paclpeeNieHns, He CTPaJaroIIiX
I'1®I u PAC.

[MarorenHsie monuMOpQHbIE BapHaHThI TeHOB (osiaTHOTO nukia onpenessui meronom P ¢ pecrpukiumeit (CuneBo, Ykpauna).
AyToaHTHUTea K ayTOAHTUTeHaM HeHPOHOB 1oKOpKoBEIX ranrmeB [{HC B CbIBOPOTKE KPOBH ONPEAEIISIIN IPH ITOMOIIH TaHean KaHHu-
reM (Moleculera Labs, Inc, CIIIA). CbIBOpOTOYHBIC ayTOAHTHTEIIA K HEHPOHAM ME30JIMMOMYIECKOI CHCTEMBI MO3Ta HACHTU(QHITPOBAIIH
myteM ELISA (MDI Limbach Berlin GmbH, I'epmanust). ABTOMMYHH3AIHIO K MUCIIHHY OLIEHHBAJIH 110 TUTPY CBIBOPOTOYHBIX ayTOAHTH-
Tes K OcHOBHOMY Oenky muenuaa (M®PA) n npusHakam ceHcnOmmmzanuu HerTpopmnoB u CD8+ T-nmumponuTos k ayToaHTUTEHAM Oe-
noro BeuiecTa nomymapuii (cell-based assay; maboparopus HeiipoumMmyHonoruu MuctutyTa Heiipoxupyprun AMH Ykpaunnst). CeiBo-
POTOYHBIE ayTOAHTHUTENA K SAPAaM KJIETOK COEMHUTENbHON TKAHU M OeJIKaM MONePeuHO-M0JI0CAThIX MBIIIL] OMPEAEIISUIN PH MOMOIIH
aHanu3a BecTepH-0710T (CHHIBO; YKpauHa).

Jlnst onpezesieHnsT JOCTOBEPHOCTH PA3NUYUM MEXIy ITOKa3aTeNIsIMH B IPYIIIaX HAOIIOACHMS HCIIONb30BAIH IapaMeTpUUeCKHUi
T-kpurepuit CTbIONCHTA C IOKa3aTeIeM JOBEPUTEILHON BEPOSTHOCTH P U HellapaMeTPHUYECKUil KpUTepHUil — 4rcio 3HakoB Z 1o Ypoaxy
10.B. Jlns nzydyeHuns acconnannii Mex/ Iy UCCIIeTyeMBbIMH MMOKa3aTeIMHA TPUMEHSIIH TTOKa3aTelb OTHOUIeH!s maHcoB (odds ratio, OR)
n 95% noseputenbHbIil nHTEpBA (95% CI).

HccnenoBaHue BBINOMHSIOCH Kak (parMeHT Hay4HO-HCCIEI0BATEIbCKOH paboThl mo 3akasy M3 Vkpaunsl (Ne rocperucrpanun
0121U107940).

Pe3yabrarsl. [lonoxurensHble pe3ynsrarsl TaHean KaHHUHTeM uMenn MecTo B 32%, nabopaTopHble IPU3HAKH aBTOMMYHH3AIHN
K HepoHaM Me30MMOnYecKoii cucteMsl — 36%, MuennHy 0eoro BemecTsa noiymapuii — 43%, ayToaHTHTeHaM siiep KJISTOK COeH-
HUTENBHON TKaHU — 53%, OemkaM monepedHo-moxocarsix MbIm — 48% ciaydaes cpean aereit VI (B memom — 68% ciryqaes; p<0,05;
7<70,05). Ceponornueckue Npu3HaKy ayTOMMYHH3AIMH K ayTOAHTUT€HAM MOAKOPKOBBIX TaHIJIMEB MOTyIIApuii OOIBIIOr0 MO3ra ObUTH
accoLuupoBaHbl co Streptococcus pyogenes u Borrelia, k Heliponam me3onumbudeckoii cuctemsl — EBV, HHV-6, HHV-7, Toxoplasma
u TTV, k muenuny [THC — EBV, HHV-6, HHV-7, Borrelia u TTV, k siapam KJIETOK COSTUHUTEIBHON TKaHH U TIOMICPEUHO-TTOI0CATHIX
moiii — EBV, HHV-6, HHV-7, Borrelia u TTV.

BuiBoawbl. VY nereit ¢ PAC, accouunpoBannabivu ¢ [JIDI], ormedaroTcst 1abopaTopHbIe IPU3HAKH MUKPOO-HHAYIIHPOBAHHON ayTOH-
MYHH3AI[HHA K PSITy MO3TOBBIX M BHEMO3TOBEIX ayTOAHTUTEHOB, KOTOPAs BIHMAET HA COCTOSIHUE MCUXUUECKOTO U (PH3UIECKOTO 310POBBS
TIAIIMEHTOB U ABJIAETCS MOTEHIIMANBHBIM 00BEKTOM 3(D(EKTUBHBIX TEPATEBTUIECKHX BMEIIATEIbCTB.

KiroueBblie cioBa: reprecBuUpychbl, cTpentokokk, PANDAS, ayTouMMyHHbIH TuMOHUecKuil dHUEehaNnuT, aHTUHHYKIeapHbIe
ayTOaHTHUTeENA.

THE RESULTS OF THE SEARCH FOR LABORATORY SIGNS OF AUTOIMMUNE REACTIONS TO CE-
REBRAL AND EXTRACEREBRAL AUTOANTIGENS IN CHILDREN WITH AUTISM SPECTRUM DISOR-
DERS ASSOCIATED WITH GENETIC DEFICIENCY OF THE FOLATE CYCLE

Maltsev DV
Institute of Experimental and Clinical Medicine at the O’Bogomolets National Medical University, Kyiv, Ukraine
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Relevance. The results of five meta-analyzes of randomized controlled clinical trials indicate an association between genetic

deficiency of the folate cycle (GDFC) and autism spectrum disorders (ASD) in children. Autoimmune mechanisms play a special role in
the pathogenesis of encephalopathy in children with ASD associated with GDFC.
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THE RESULTS OF THE SEARCH FOR LABORATORY SIGNS OF AUTOIMMUNE REACTIONS TO CEREBRAL AND EXTRACEREBRAL
AUTOANTIGENS IN CHILDREN WITH AUTISM SPECTRUM DISORDERS ASSOCIATEDWITH GENETI®C DEFICIENCY OF THE FOLATE CYCLE

Objective: to study the structure of autoimmune reactions in children with ASD associated with GDFC, according to the accumulated
evidence base and to identify associations of laboratory signs of autoimmunity and microorganisms to improve understanding of
encephalopathy pathogenesis and diagnostic, monitoring and treatment algorithms.

Materials and methods. The medical data of 225 children aged 2 to 9 years with GDFC, who had clinical manifestations of ASD
(183 boys and 42 girls) were retrospectively analyzed. The diagnosis of ASD was made by child psychiatrists according to the criteria
DSM-IV-TR (Diagnostic and Statistical Manual of mental disorders) and ICD-10 (The International Statistical Classification of Diseases
and Related Health Problems) (study group; SG). The control group (CG) included 51 clinically healthy children (37 boys and 14 girls)
of similar age and gender distribution who did not suffer from GDFC and ASD.

Pathogenic polymorphic variants of folate cycle genes were determined by PCR with restriction (Sinevo, Ukraine). Autoantibodies
to autoantigens of CNS subcortical ganglion neurons in blood serum were determined using a Cunningham panel (Moleculera Labs,
Inc, USA). Serum autoantibodies to neurons of the mesolimbic system of the brain were identified by ELISA (MDI Limbach Berlin
GmbH, Germany). Autoimmunization to myelin was assessed by serum autoantibody titer to basic myelin protein (ELISA) and
signs of neutrophil and CD8+ T-lymphocyte sensitization to hemispheric white matter autoantigens (cell-based assay; department of
neuroimmunology at the Neurosurgery Institute; Ukraine). Serum autoantibodies to nuclei of connective tissue cells and striated muscle
proteins were determined by western blot analysis (Sinevo, Ukraine).

To determine the significance of the differences between the indicators in the observation groups, we used the Student’s parametric
T-test with the confidence probability p and the nonparametric criterion — the number of signs Z according to Urbach Yu.V. The odds ratio
(OR) and the 95% confidence interval (95% CI) were used to study the associations between the studied indicators.

The study was performed as a fragment of research work commissioned by the Ministry of Health of Ukraine (Ne state registration
0121U107940).

Research. Positive results of the Cunningham panel occurred in 32%, laboratory signs of autoimmunization to neurons of the
mesolimbic system — 36%, myelin of white matter of the hemispheres — 43%, nuclei autoantigens of connective tissue cells — 53%,
proteins of striated muscles — 48% of cases among children SG (in general — 68% of cases; p < 0.05; Z < Z0.05). Serological signs of
autoimmunization to autoantigens of the subcortical ganglia of the cerebral hemispheres were associated with Streptococcus pyogenes
and Borrelia, to neurons of the mesolimbic system — EBV, HHV-6, HHV-7, Toxoplasma and TTV, to CNS myelin — EBV, HHV-6, HHV-
7, Borrelia and TTV, to the nuclei of connective tissue cells and striated muscles — EBV, HHV-6, HHV-7, Borrelia and TTV.

Conclusions. In children with ASD associated with GDFC laboratory sings of microbial-induced autoimmunity to a number of
cerebral and extracerebral autoantigens has been evaluated, which affects the mental and physical health of patients and is a potential
target for effective therapeutic interventions.

Key words: herpesviruses, Streptococcus, PANDAS, autoimmune limbic encephalitis, antinuclear autoantibodies.
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AKTyaJbHicThb. [0 OCTaHHBOTO Yacy 3aJUIIAIOTHECS HEAOCTATHRO BUCBITIICHUMU IMUTAHHS PO 3MiHH IMYHOJIOTIYHHX Ta MiKpo0io-
JIOT1YHUX TTOKa3HHUKIB CTaHy POTOIVIOTKH Y BAKIMHOBAHUX MPOTH BIPYCHHUX iH(PEKIIIH.

Linb: BU3HAYNTH BIUIMB MApeHTEPaIbHOI BaKIMHALI MPOTH TPUIMY HA KIITHUHHUKA Ta MIKPOOHHUI CKIIaJ CEKpPEeTy POTOIIOTKH Y
XBOPHX 3 XPOHIUYHMMH 3alalbHIMH 3aXBOPIOBAHHIMHU BEPXHIX JUXaJIbHHUX HUIAXIB 3 HAsBHICTIO y KPOBI aHAMHECTUYHHX aHTHTLI J10

BaKI[MHAJIBHUX IITAMIB BipyCiB.

Marepiaan Ta Metoau. J{ociimKeHO 3pa3Ku POTOINIOTKOBOTO CEKpeTy 18 XBOpHX Ha XpOHIUHI 3araibHi 3aXBOPIOBaHHS BEPXHIX
JXaITBHAUX IUIXIB, 10 Ta 4epe3 3, 12 1 36 THKHIB MiCIIs MICTUICHHS iHAKTHBOBAHOIO CILTIT-BAaKIIMHOIO MIPOTH TPHITY, Ta 25 noHOpiB. B
3pa3kax BU3HAYaIH KIITHHHUAHN CKJIal 0caay Ta MPOBOIMIN MiKpoOioIOTidyHE AOCHTIPKCHHS CEKPETY POTOTIIOTKH.

Pesyabrarn. Yepes 3 Ta 12 THKHIB MiCIs MICTUICHHS y BAaKIIMHOBAHUX XBOPHUX JTOCTOBIPHO 3MiHIOBAJINCH BITHOCHI MOKAa3HUKH HaJI-
XOJIKEHHS 10 CEKPETy POTOIIOTKY JTiM(OIHUTIB Ta Ckiaay ioro Mikpo6ioTn npu 30epexenHi i 3aranbHoi KijgpkocTi. Uepe3 36 THKHIB
KJTITHHHUH CKJIaJ Ta MPEACTaBHULITBO MIATOICHHOI | yMOBHO MAaTOr€HHOI MiKpO(IOpH NPAKTUYHO MOBEPTAINCH 10 BUXIIHOTO PiBHS IIPH

ICTOTHOMY 3pOCTaHHI 3arajbHOI YHCEIBHOCTI MiKpOOIOTH.

BucHoBku. [TapeHTepaibHe BBEICHHS IHAKTHBOBAHOI CIUTIT-BaKIIMHU 0C00aM 3 XpPOHIYHHMH 3alaibHUMH 3aXBOPIOBAHHIMH BEpX-
HIX TUXQJIbHUX NUIAXIB 3 HASABHICTIO B KPOBI aHAMHECTUYHHUX aHTUTLI JI0 BaKIIMHAIBHUX ITaMiB BipyCiB CyIIPOBOIKY€THCS OMHOUYACHUM
TUMYaCOBUM 301IbIICHHAM IPEICTABHUITBA TIM(OLUTIB 3 OJHOYACHUM 3MEHIIEHHSIM YUCEIbHOCTI TPAH3UTOPHOI MIKpO(IOpH Y CKIIaIi

CEKPETY POTOITIOTKH.

Ku1rouoBi cjioBa: cekpet poTorIoTKH, JIiMGOIUTH, MikpodIiopa.

AxTtyanabHicTh. KitiHiuHI 10oCTiHKeHHS eEKTy BiJT
NpoBeACHOI BaKIMHALI{ IPOTH IPUIY y CBOiH Oinb-
HIOCTi CHPSIMOBAHI Ha OI[IHKY JOCSITHYTOTO MPOTHBIi-
PYCHOTO CTEpUIII3yI04Oro iMyHiTeTy. | 3Ha4HO MeHIa
KUTBKICTh POOIT TOPKAETHCS BIUIMBY MPOBEISHOTO IIe-
IUICHHS Ha MEXaHI3MH HeCIeN(iaHO] pe3UCTEHTHOCTI
Ta 3MEHIICHHS 3aXBOPIOBAHOCTI BaKIIMHOBAaHUX Talli-
€HTIB Ha OakTepianbHi iHGekmii [1, 2]. OmqHak nuTaHHS
IIOA0 MMOCTBAKIWHAIHHOTO CTaHY XBOPHX Ha CYIYTHI
XPOHIYHI 3aXBOPIOBaHHS 3AJIHIIAIOTECS aKTyaJIbHUMU,
0COOJIMBO CHOTOTHI, TIPH HOBUX BHUKJIMKAX JIJISI JIFONICTBA,
CIPUYMHEHUX naHaemieo. OCKiIbKU Ha ChOTOJHI BCe
e Majo BiJOMO MpPO BIUIMB KJIITUH IMYHHOI CHCTEMU
Ha MiKpo0ioTy poToBOi mopoxxHUHU [3], Hamu Oyno
OILIIHEHO KIITUHHHUI Ta MiKpoOHUIl cknax 3mimaHoi
CIIMHHU Y MaLi€HTIB B Pi3Hi TEPMiHH MHiCIs CE30HHOTO
NapeHTEPANTHHOTO MICTUICHHS IHAKTHBOBAHOK BaKIIH-
HOIO MPOTH rpuily. Buxonsdu 3 TOro, 10 OCHOBHUM
JoKeperioM HaaxopkeHHs TiMponuTie (JI) mo cknamy
3MIIIaHOT CITMHH € JIiM(OiTHA TKAHWHA, Y JTOCIIIKEHH]
Opany y4acTh NaIliEHTH i3 30€PEIKEHUMU CTPYKTYPaAMH
niM(OYTBOPEHb TIOTKOBOTO Kilblisd Banbaeepa-ITupo-
roBa Ta HASBHICTIO alleHANKCA.

Hinb: BU3HAUCHHS BIUIMBY NMapeHTEPAIbHOI BaKIU-
HaIil IPOTH TPUITY Y Pi3HI TEPMiHU MiCHs LIETUICHHS Ha
KJIITUHHUM Ta MIKpOOHUII CKIax CEKPETy POTOINOTKU
XBOPHX 3 XPOHIYHIMH 3alaJbHUMH 3aXBOPIOBAHHIMU
BEPXHIX IUXaJBbHUX LUISXiB, IPH HasSBHOCTI Y HUX B
KpOBi aHAMHECTUYHUX AHTUTLUI IO BAKIWHAJIBHHUX IITA-
MiB BIpYCiB.

MATEPIAJIN TA METOAU

OOctexeno 18 xBopuX Ha XpOHIYHI 3amalibHi
3axBoproBaHHA (X33) BepXHiX AMXaTbHUX MIIAXiB
(BAL) npaue3gatHoro Biky 000X crarei, cepen
AKUX y 9 MiarHOCTyBaJu XPOHIYHHA PUHOCUHYCHT, Y
5 — XpOHIYHUHN TOH3WIIT, Y 4 — XpOHIYHHUI (PAPUHTIT.
[IpoTsirom 1 poky mepen TOCTIKSHHSIM iM HE pOOHIN
Oynb-SKUX LIeIIeHb. XBOpUX Ha X33 00CTexXyBalIn
JI0 BakIMHAIIT Ta uepe3 3, 12 Ta 36 THXHIB Micis Hel.
KonTponbHy rpyny cknaganu 25 nqonopis. Bei xBopi
Ta KJIIHIYHO 3I0POBi 0COOHM KOHTPOJBHOI TPy MaJld
CaHOBaHUU CTaH POTOBOI MOPOXKHUHU. Bia KOXKHOTO
00CTEXEHOTO OTPUMYBAJIH 3pa3KU CEKPETY POTOTIOT-
ku (CP) y BiANMOBIAHOCTI 3 paHime po3pobiieHuMHU
pexkoMeHaamiamMu [4].
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EFFECT OF PARENTERAL INFLUENZA VACCINATION ON THE CELL COMPOSITION AND ITS MICROBIOTA OF THE OROPHARYNGEAL
SECRETION IN PATIENTS WITH CHRONIC INFLAMMATORY DISEASES OF THE UPPER RESPIRATORY TRACT

Bignocuwuii knituaaMi ckaag CP migpaxoByBanu
MIJISTXOM MIiKPOCKOIIIYHOTO JOCHIIKEHHS Ma3KiB KJIITHH-
Horo ocany [4].

Sxicuuii cknan Mikpodopu CP xBoprx Ha X33 B/ILLI
BH3HAUYaNH 3a Ii MOP(OIOTIYHUMH, THHKTOPiaJIbHUMH,
KyJIBTypaJIbHUMH Ta 010XIMIYHIMH BIACTHBOCTSIMH 32
CTaHIAPTHUMHU MeToIrKamH [5, 6, 7, 8]. KinbkicHi Mikpo-
010JIOTIYHI TTApaMETPH OIIHIOBAJIM 32 CYMapHUM BMIiCTOM
MIKpoOpraHiamMiB, BuauieHHX 3 1 mur CP (six cymapHuit
JIECATKOBUH JIOTapu(pM KiJIbKOCTI KOJIOHIEYTBOPIOFOUHMX
omuautb (KYO) B Mt — Ig KYO/mi) Ta 3a BincoTkoMm maro-
TEHHOI Ta YMOBHO MATOT€HHOI (TPaH3UTOPHOT) MiKpohIopH
(TM®) Bix cymapHoro BMicTy BuaineHux 3 CP mikpoopra-
Hi3MmiB. [lo TM® BinHOocumu: Staphylococcus haemolyticus,
Staphylococcus aureus, Streptococcus pyogenes,
Streptococcus pneumoniae, Streptococcus anginosus,
Enterobacteriaceae spp., Pseudomonas aeruginosa,
Haemophilus influenza, Moraxella catarrhalis, a Ta-
kox Candida spp. y kinmbkocti > 3 Ig KYO/mut. Pe3u-
JICHTHUMH (HETIaTOTeHHUMH) BBaxkay Staphylococcus
epidermidis, Streptococcus mitis, Streptococcus
salivarius, Enterococcus faecalis, Enterococcus faecium,
Neisseria spp., Corynebacterium spp., Actinomyces spp.,
Lactobacillus spp., a takox Candida spp. y
kinbkocTi < 2 1g KYO/ma.

CraructuuHy 00poOKy OTPUMAHUX PE3y/bTaTiB IIPo-
BOJMJIN 13 3aCTOCYBaHHSIM JBOOIUHUX HENapaMeTpHu-
HuX kputepiiB «U» ManHa-YitHi Ta «T» Binkokcona
3a JIOTIOMOTOF0 TTAKETy MPOrpaMHOTo 3a0e3MeYeHHS IS
OiomeTpuuHUX mociimkeHs WinPEPIL

PesynbraTty HaBeaeHO Y BUIIIAI 3HAYCHDb MEJiaHU
(Me) Ta mponierTuneit (P25-P75). KinbkicTb mpoBeneHHX
JIOCITI/KEHB MTO3HAYAIH SIK n. BIIMIHHOCTI Y 3HAUEHHSIX
Me BBa)KaJIM CTAaTUCTHIHO AOCTOBipHUMH 1IpH p < 0,05.

Bci mpouenypu, SKux A0TPUMYBAIHCh, BiAIOBiAA-
JY €TUYHUM CTAaHIAPTaM BilMOBiNadbHOTO KOMITETY

3 NUTaHb CKCIEPUMEHTIB Ha JIOAAX (IHCTUTYLiHHUM
Ta HalioHaJbHUM Ta [enbCiHKChKiN Aexnapamnii 1975
poxky, neperiiHyToi y 2000 pori) Ta 3aTBepAKeHi KO-
MiTeToM 3 eTUKH Y «IHCTHTYT oTONMapwHTONIOTI]
iM. mpod. O. C. Komomiituenka HAMH Vkpainuy». [1-
(dbopMoBaHa 3rojia Ha y4acTb y JOCIIKSHHI Oyla OTpH-
MaHa BiJl yCIX MaIli€HTIB.

PE3VJIBTATH TA iX OBTOBOPEHHS

Ciu3zoa obononka B/II1L, 1110 OMHBA€THCS 3MIIIAHOKO
CJIMHOIO, € TIEPIINUM 3aXUCHUM Oap’epoM OpraHi3My Bij
pecmiparopHux iH(pekmiil. ToMy 3MiHH, MO BiI0yBarOTHCS
Ha 11 IOBEpXHi, MOXXYTb MMOMITHO BILJIMBATH HA 3aXUILe-
HICTh OpraHi3My Bij Ail HOTpaIUIfOYMX Ha Hel BipyciB
Ta 6aKTepii.

BusnaueHHs BITHOCHOTO KiIiTHHHOTO ckiany CP y
pi3HI TepMiHM Iicis BBeICHHS BakUWHU (Tabu. 1) He
BUSIBIJIN TOCTOBIPHUX 3pYIICHB KiJTbKICHOTO MPECTaB-
HUIITBA ETITENIIONUTIB Ta MOIIMOP(HOSACPHUX JICHKOIIN-
tiB ([151J1) Ha pi3HUX cTpoKax qociimkeHHs. KibkicTh
JId mo BakmmHAMIT TaKOX HE BiIPI3HAIACH BiJI TaKOi y
JIOHOPIB.

Mix TuM, 1 9epe3 3, i uepe3 12 THXKHIB MiCI Ie-
TUICHHS y BaKIITHOBAHUX 0Ci0 TOCTOBIPHO 3pOCTaB BiJl-
cotok JI¢, K y MOpiBHSHHI 3 HEBAaKLIMHOBAHUMHU JI0HO-
pamu, Tak i BIIHOCHO MOKa3HUKIB KOKHOTO OKPEMOTO
XBOPOTO JI0 Ta MicJIs BaknuHamii: BianosigHo pT < 0,01
yepe3 3 ta pT < 0,05 uepe3 12 tuxniB. OgHak, Ha 36-My
THXKHI BaKIIMHAJIBHOTO MPOLECY KUTBKICTh IIUX KIITHH
y CP xBopux mmoyasia 3MEHIIIYBaTUCH i BXXE 1CTOTHO HE
BIJIpi3HSJIaCh K BiJl 3HAYCHb KOHTPOIIO, TaK 1 BIJI X
JOBaKI[IHAIGHOTO PiBHSL.

Takuii pe3ynbrar iMOBipHO OyB OB’ sA3aHUH 13 He-
CrenuQivHOIO JIOKATFHOIO PEaKIiclo Ha CHCTEMHE aHTH-
TCHHE HAaBaHTA)KCHHS MPU BakIMHAMII. | s peakiis, Ha
HAIIl TOTVIST, MOTJIa OYTH CIIPSIMOBAHOIO HA ITiICHIICHHS

Tabmus 1

KuiTuHHUI ckJ1a] ceKpeTy POTOIVIOTKH Y XBOPHMX HA XPOHiYHI 3anaJibHi 3aXBOPIOBAHHS BePXHIiX AMXAJIbHHUX HLIAXIB 10
Ta y pi3Hi CTPOKH micJIsi MapeHTepaIbHOI0 BBeJeHHSl BAKIIMHHA MPOTH TPUILY

Bwmicr kinitus, %
XBopi Ha X33 B
CratucTiyHi CTpOKH BiTHOCHO BaKIIMHAIIIT
) MTOKa3HUKHU Jonopu
Kaituan Tlo epes 3 Tmuci UYepes .12 UYepes .36
THXHIB THKHIB
N 18 18 17 16 25
o Me 91,50 88,50 89,00 84,50 95,00
Emitemio-utu
P25-P75 85,00-98,00 81,00-96,00 80,00-93,50 78,00-92,00 84,00-96,00
TSI Me 7,50 9,00 6,00 11,00 4,00
P25-P75 2,00-12,00 2,00-12,00 4,00-12,50 3,50-18,50 2,00-10,50
. Me 1,00 3,00* 3,00%* 2,50 1,00
Jlim¢po-untn
P25-P75 0-3,00 1,00-6,00 2,00-5,00 1,00-4,50 0-2,00

Ilpumimka. /locmosipricme posbiocnocmeti 3 koumponem: * — pU<0,01; ** — pU<0,001.
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3aXUCTY MOBEPXHI CIM30BOi OOOJIOHKH BiJl MATOT€HHUX
YHHHUKIB iH(EKIiitHOT npupoau. [ng o6rpyHTyBaHHS
[ILOTO TBEP/KEHHSI B Ti 5K CaMi CTPOKH MiCIIsI BaKITHMHAITT
JOCITKYBalach MOKITUBICTD 3MiH y CKJIaJli MiKpo0ioTH
CEKPETY POTOTIIOTKH.

Byno nokaszaHo, 110 Xo4a 3arajJbHHN BMICT MiKpOOP-
raHi3MiB y CEKpeTi poTorioTkH XBopux Ha X33 BT
JI0 Ta IPOTSITOM 12 TYDKHIB MiCIHIA IETUICHHS CYyTTEBO HE
BIJIPi3HSIBCS BiJl TAKOTO Y JIOHOPIB (Ta6. 2), BMicT TM®
y CP xBopux Ha X33 B/ILL 1o BakuuHaIlii B cepeIHHOMY
OyB HECYTTEBO BHIIIE TAKOTO y TOHOPIB (Tadi. 3). Uepes
3 THOKHI Ticis 1eruieHHs Bigcotok TM® 3MeHyBaBcst
— HEIOCTOBIPHO BiIHOCHO JOHOPIB, ajieé CyTTEBO TO-
piBHAHO i3 piBHeM 10 BakiuHamii (pT < 0,05). Takwmii
Ppe3yIIBTaT IOCATaBCS MEPEBAKHO 32 PAXyHOK 3MEHIIICHHS
YHCeNbHOCTI S. pneumoniae Ta S. aureus.

Yepes 12 THXKHIB MiCIs MIETUICHHS PEACTaBHUIITBO
TM® B CP Takox 3aUIIaIOCh CYTTEBO MEHIIUM, HiXK
oyso a0 BaknuHamii (pT < 0,05). To6To, KUIBKICTE Oak-
TepianbHUX naroreHiB B CP 3MeHmIyBanacs oqHO9acHO
13 30impIeHHsAM nprcyTHOCTI Yy CP Jl.

Pa3owm i3 uuMm, 3MeHmeHHs yncensHocTi JIp y CP
BaKLIMHOBaHUX XBopux Ha X33 B/ILI yepes 36 TuxHIB
TiCJIsE BBEIEHHS BaKIIMHU CYMPOBOXKYBAJIOCh 3pOCTaH-

HSIM SIK 3arajibHO{ YUCEIbHOCTI MIKpO(IIOPH Y 3MillIaHiii
ciuHi (Tabm. 2), Tak i npeacraBaunTea TM® nopiBHIHO
13 moHopamu (Tabum. 3). OcTaHHi TOKA3HUK X04a CTAaTHC-
TUYHO JIOCTOBIPHO TIEPEBUIIIYBaB TaKUil y JOHOPIB, alie
MPAKTHYHO Maike MOBEPHYBCS 0 JOBAKIHMHAIHLHOTO
PIBHSL

JlaBHO BijmoMuil (heHOMEH eMirparlii JeHKOInTIB
Ha MMOBEPXHIO CIM30BOi OOOJOHKH BKE TPUBAIHIA Yac
PO3TISIAETHCS Y 3B’ A3KY 13 (PYHKIIOHYBaHHIM JiMpoy-
tBOpeHb B/IILI, 30kpeMa npu XpOHIYHOMY TOH3HJIITI,
KOJIM BHACIIIJJOK TAaTOJIOTIYHOrO MPOLECy Ha MOBEPXHI
MUTIANKKIB 3aMicTh JI¢ mounHaroTs nepesaxkatu I15J1
[9, 10]. Ha ponb nimMpOyTBOpEHb TTIOTKOBOTO KilbIs
Bansneepa-Iluporosa y HagxomxenHi JIp no 3mimanoi
CJIMHU BKa3yIOTh 1 pe3yJIbTaTH CIEIialbHO MPOBEIACHUX
nocmimkens [11, 12, 13]. Ilpu npomy Murnanuku 6epyTh
y4acTh y 3axucti nosepxHi B/IIII Bix maToreHHUX YHH-
HUKIB, 30KpeMa, 0aKkTepiadTbHOTO TOXO/HKECHHS, a Y BiJ-
TIOBi/Ib Ha TapeHTEPATIbHY BaKIIMHAIIIIO IPOTH CE30HHOTO
TPUITY B HAX CITOCTEPITalOThCs 3MIHU Y CyONOMyIISIIIHHO-
My ckiagi JId [14]. To6TO, IITKOM CIYIIHAM MOXe OyTH
npunymeHHs, 1o i Buxia Jip go CP € ogHuM 3 nposiBiB
3arajabHOI BiAMOBII JIiM(OiTHOT TKAHWHU OPraHi3My Ha
KOHTAKT 3 aTUTCHHUM MaTepiajoM.

Tabmus 2

3arajnbHuii BMicT MiKpOOprasismiB y cekpeTi pOTOIVIOTKM XBOPUX HA XPOHiYHi 3ana/bHi 3aXBOPIOBAHHA BEPXHiX 1H-
XaJBHUX HUIAXIB /10 Ta B Pi3Hi CTPOKU MNic/isl BBeleHHs] BAKIUHYU NPOTH I'PUITY

Bwmict mikpoopranizmis, Ig KYO/ma
Xgopi Ha X33 B
Crarucruyni CTpOKH BiIHOCHO BaKIMHALIT
NMOKA3HUKHU Jlonopu
Ho Yepe3s 3 Tiekni ‘r{repes 1 g B 3 ¢
WKHIB THKHIB
N 18 11 15 16 25
Me 44,06 48,32 47,94 56,21%* 4521
P25-P75 37,75-53,36 37,57-58,15 45,36-58,98 46,32-66,36 35,81-55,00
IIpumimxa. /locmogipuicme posbiocnocmetl 3 konmponem: * —pU < 0,05; ** — pU < 0,01.
Tabmug 3

BinHocHuii BMicT TpaH3UTOPHOI MiKpPO(JI0pH Y CceKpeTi POTOIJIOTKHM XBOPHX HA XPOHiYHi 3anaJjibHi 3aXBOPIOBaHHS BepX-
HiX IMXaIbHHUX NLISIXIB 10 TA B Pi3Hi CTPOKM Mic/Is1 BBeleHHS BAKIIMHH IIPOTH I'PUILY

BwmicT TpanzuTopnoi Mikpoduiopu, %
XBopi Ha X33 BAII
CTaTHCTHYHI CTpoKH BiTHOCHO BaKIMHAIT
TMOKA3HUKHU o Yepes 3 Yepes .12 Yepes -36 AGHOPH
THIKHI THKHIB THKHIB
n 18 11 15 16 25
20,17 10,66 14,64 22,49 16,05
Me 21,20 8,10 16,20 21,61* 12,70
P25-P75 11,50-31,64 0-19,30 9,39-18,00 16,14-27,20 8,62-26,04

IIpumimka. /locmogipuicme posbiocrnocmeti 3 koumponem: * — pU<0,05; ** — pU<0,01.
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ITpu BUBUEHHI PO3BUTKY BAKIIMHAJIBHOTO IMYHITETY
y xBopux Ha X33 B/ namu fificHo Oyiio BHUSBICHO
TUMYacoBe 301IBIICHHS Mirparii JiM(pOITHUX KIITHH
1o CP 3 makcumymoM Ha 12 THXKHI BaKITHHAIEHOTO TIPO-
HeCy Micis MapeHTePaIbHOTO BBEICHHS 1HAKTHBOBAHOT
BaKIMHH [TPOTH TPHITY, IO MiCTHIIA Y o0l BIpyCHI reMar-
JIOTUHIHH, J0 SKHX y KPOBI 00CTE)KEHUX MAIIEHTIB I
JIO TIPOBEICHHS CE30HHOT BaKI[MHAIIT BXE BHUSBIISUIACH
aHAMHECTHYHI aHTUTLUIA. [IpH 11bOMY 301ITBIIICHHS Y KITi-
tuaaOMYy ckiazi CP Bincorka JId y BakunHOBaHUX 0Ci0
CYIPOBOJ)KYBAaI0Ch OIHOYACHUM 3MEHIIECHHIM Y CKIa/l
MiKkpo0i0TH 3Milanoi cnuHu yacTku TMO.

Bigomo, mo iMyHHa cUCTeMa JIOIUHH 3]1aTHA pe-
T'YITIOBAaTH MiKpoOiOTy POTOBOT MOPOKHUHU 3aBISKH
Oap’epHiil 1ii Ha MOBEpXHi CIM30BOT 000I0HKH SIgA, i
CKJIa MiKpoOioTH MOke OyTH 3MiHEHHH IIUITXOM iIMyHi-
3arii. [Topsiy i3 MM € 1aHi JOCTiIKEeHb, IO IEMOHCTPY-
0Th, SIK 1 BPOJIXKEHI, 1 aJJalTHBHI IMyHHI KIIITHHH BiJirpa-
I0Th KITFOYOBY POJTh Y BIUTMBI HA MIKPOOI1OTY KHIIIEYHUKA,
ajie MaJIo 1o BIJIOMO MpO iX AiF0 Ha MiKpOOiOTy pOTOBOT
nopoxxaund [3]. Came ToMy OTpUMaHi HAMH pe3yJIbTa-
TH MOXKYTh PO3INISAATHCh SIK HOBITHI, [0 BKa3yIOTh HA
noTeHiiHy poinb JId, MIrpyrouux 3 MoBepXxHi CIU30BOT
000JIOHKH, B 11 3aXHCTI BiJl MaTOT€HIB OaKTepPiadbHOIO
noxomkeHHs. [Ipu 1ipomMy 3a3HaueHU edekT He € cre-
I (pIIHUM, OCKUTBKH 00YMOBITIOETHCS TAPEHTEPATHHUM
BBEICHHIM HE OakTepiasIbHUX, a BIpPyCHUX aHTHUICHIB i
CHPSIMOBY€ETHCSI HE B3araii Ha Bci Mikpoopranizmu CP,
a JIMIIEe Ti, 10 CTAHOBJIATH 3arp03y BUHUKHEHHS iH(EK-
IIHHOTO 3aXBOPIOBAHHS.

BUCHOBKH

1. Ilpu mapeHTepalibHii BaKIIMHAIT IHAKTHBOBAHOIO
CIUTIT-BaKI[MHOIO TIPOTH T'PUITYy XBOPHUX Ha XPOHIYHI 3a-
MajgbHI 3aXBOPIOBAHHS BEPXHIX JUXATBHUX MUISIXIB 13
30epex)CHIMH TIM(OYTBOPECHHSIMHU TTIOTKOBOTO KLTBIIS
Banpaeepa-ITuporosa, 1o Bxe MatOTh Y KPOBi KIIIHIYHO
3HAUMUMi TUTPU aHTUTII 10 TEMATIFOTUHIHIB BAaKIUHAJIb-
HUX IITaMiB BipyciB rpumny A i B, noctosipHo 30i1b11y-
€Tbest Mirparttist JIp 1o cekpeTy poTomIoTKuy mpotsirom 12
TYKHIB TICIIS IIETUIEHHS.

2. lle#t mporec CynpoBOIKYETHCS ICTOTHAM 3MCH-
MICHHSAM TPECTABHUIITBA Y 3MIMIaHIi CIMHI TpaH3U-
TopHOT Mikpoduopu 6e3 3pyllIeHb 3arajlbHOTO PiBHS
OakTepiaTbHOT0 0OCIMEHIHHS ITi€T 610JIOTIYHOT PiVHY.

3. Yepes 36 TYOKHIB Micis MISTICHHS BUXi JIM(O-
IIUTIB 3 HOBEPXHI CIIN30BOI OOOJIOHKHU ITOYHHAE 3MEHIITY-
BaTUCh, a 3arajbHa YUCENBHICTh MIKPOOIOTH Ta YacTka
cepel Hei MaTOreHHUX Ta YMOBHO TTATOTeHHUX OaKTepiit
3pPOCTAOTh, IO BKA3y€ HA THMYACOBHH IMyHOCTHMYITIO-
104U e(eKT BiJ MPOBEACHOT BaKIMHALIlT, OAHUM 3 MPO-
SBIB SIKOTO € BIIMB Ha Mirpamio JiM(oiTHUX KIITHH 3a
MEXi CITM30BO1 OOOJIOHKH BEPXHIX TUXAIBHUX IUISAXIB.

KougumikT inTepeciB. ABTOPH 3asBISIOTH, 10 HE Ma-
I0Th KOH(ITIKTY 1HTEpeCiB, SKUH MOXKe CIIpUAMAaTHCS Ta-
KHM, 1110 MOYE 3aBJIaTH IIIKOIW HEYTIEPEIKESHOCTI CTaTTI.
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BJIMSTHUE IMTAPEHTEPAJIbHON BAKIIMHAIITMA ITPOTHUB I'PUIIIA HA KJIETOYHBIN
COCTAB CEKPETA POTOINIOTKU U EI'O MUKPOBHOTY ¥V BOJIbHBIX C XPOHUYECKUMHU
BOCITAJIMTEJBHBIMHU 3ABOJIEBAHUSAMU BEPXHUX JBIXATEJIBHBIX ITYTEU

L2 Tumuenko M./., *Tumuenxo C.B., ’Bonoceeuu JI. .

'Hayuonanvnui meouyunckuti ynusepcumem umenu A.A. bocomonvya, Kues, Yxpauna
Y «Huemumym omonapuneonoeuu um. npogh. A.C. Konomuiiuenko HAMH Yxpaunvry, Kues, Ykpauna

timchenkomd@gmail.com

AKTyaabHOCTb. J[0 mocieHero BpeMeH! OCTaloTCsl HEJI0CTAaTOYHO OCBEIIEHHBIMU BOIPOCHI U3MEHEHUI UMMYHOJOTMUECKUX U
MHUKPOOHOIOTUYECKUX MTOKa3aTeIell COCTOSIHUS POTOINIOTKY Y BAKIIMHIPOBAHHBIX MIPOTHB BUPYCHBIX HH(EKINH.

LleJsib: onpenenuTs BIMSIHUE TAPSHTEPATLHON BaKI[MHALIMH IPOTHUB TPUTITIA HA KIICTOYHBIH 1 MEKPOOHBIA COCTaB CEKPETa POTOIIIOT-
KU Y OOJIBHBIX ¢ XPOHHYECKHUMHU BOCHAIUTEIbHBIMU 3200I€BaHUSMHU BEPXHUX JIIXaTEIbHBIX MMyTEH ¢ HATMYMEM B KPOBU aHaMHECTHYE-
CKHX aHTHUTEJ K IPUBUBOYHBIM IIITAMMaM BUPYCOB.

MarepuaJsbl 1 MeToABI. VccnenoBanbl 00pa3iibl pOTOMIOTOYHOTO ceKpeTa 18 OOMBHBIX ¢ XPOHHUYECKHUMHU BOCHATUTEIBHBIMU 3200-
JIEBAaHUSIMHM BEPXHUX JbIXaTeNbHBIX ITyTel 10 1 uepe3 3, 12 u 36 Hepenb 1nocie NpuBUBKY HHAKTUBUPOBAHHOM CIUIMT-BaKIMHON IPOTUB
rpuIIa, a Takxke 25 10HopoB. B 00pa3nax onpenensiii KIETOUYHBIH COCTaB 0CaiKa U MPOBOAMIA MUKPOOMOIOTHIECKOE UCCIICIOBAHNE
CEKpeTa pOTOMNIOTKH.

Pe3yasbrarsl. Uepes 3 u 12 Henenp nocsie NPUBUBKY Y BaKIIMHUPOBAHHBIX OOJNBHBIX JOCTOBEPHO M3MEHSIIMCH OTHOCUTEIbHBIE MO-
Ka3areJay MUIPALUK B CEKPET POTOIIOTKU JIMM(OLIMTOB M COCTAB €ro MUKPOOHOTHI PU COXPAHEHUH ee o01ero konnuectsa. Yepes 36
HEJIeNb KICTOYHBI COCTaB U MPEICTABUTEIBCTBO MATOICHHOW M YCIOBHO MATOTCHHOW MHKPO(IOPHI MPAKTUYECKU BO3BPAIAIUCH K
HCXOJHOMY YPOBHIO IIPH CYIIECTBEHHOM POCTE O0IICH YUCICHHOCTH MUKPOOHOTBI.

BuiBoabl. [laperTepanbHoe BBEICHIE HHAKTUBUPOBAHHOM CIUTHT-BAKLIUHBI JIUIIAM C XPOHHYECKHMH BOCHAIUTEIBHBIMU 3200JeBa-
HUSIMH BEPXHUX JIBIXaTeNbHBIX MMyTeH ¢ HATMYMEM B KPOBH aHAMHECTUYECKUX aHTUTEN K IPUBUBOYHBIM IITAMMaM BUPYCOB COITPOBOX-
JTACTCSl BPEMEHHBIM YBEJIMYEHHEM HPEICTaBUTENIBCTBA JIUMQOIUTOB ¢ OJHOBPEMEHHBIM YMEHBIICHHEM YHCICHHOCTH TPAaH3UTOPHOH
MHKPO(IOPBI B COCTaBE CEKPETa POTOTIIOTKH.

KitroueBbie ¢10Ba: CEKpEeT POTOIOTKH, JIMM(OIUTEI, MEKpO(IIOpa.
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EFFECT OF PARENTERAL INFLUENZA VACCINATION ON THE CELL COMPOSITION AND ITS
MICROBIOTA OF THE OROPHARYNGEAL SECRETION IN PATIENTS WITH CHRONIC INFLAMMATO-
RY DISEASES OF THE UPPER RESPIRATORY TRACT

Y2 Timchenko M.D.,’Timchenko S.V., *Volosevich L.I.
'Bogomolets National Medical University, Kyiv, Ukraine
2State Institution «O.S. Kolomiychenko Institute of Otolaryngology of NAMS of Ukrainey», Kyiv, Ukraine

timchenkomd@gmail.com

Relevance. Until recently, the issues of changes in immunological and microbiological parameters of the oropharynx in vaccinated
against viral infections remain insufficiently covered.

Objective: to determine the effect of parenteral influenza vaccination on the cellular and microbial composition of the oropharyngeal
secretion in patients with chronic inflammatory diseases of the upper respiratory tract with the presence of anamnestic antibodies to
vaccine strains of viruses.

Materials and methods. Oropharyngeal secretion samples of 18 patients with chronic inflammatory diseases of the upper respiratory
tract studied before and 3, 12, and 36 weeks after vaccination with inactivated split influenza vaccine. As control 25 donors were used.
The cell composition of the sediment was determined. A microbiological study of the oropharyngeal secretion was performed.

Results. At 3 and 12 weeks after vaccination, vaccinated patients significantly changed the relative rates of entry into the
oropharyngeal secretion of lymphocytes and the composition of its microbiota while maintaining its total number. After 36 weeks, the
cell composition and the representation of pathogenic and opportunistic microflora practically returned to baseline with a significant
increase in the total microbiota.

Conclusions. Parenteral administration of inactivated split vaccine to persons with chronic inflammatory diseases of the upper
respiratory tract with the presence in the blood of anamnestic antibodies to vaccine strains of viruses is accompanied by a simultaneous
temporary increase in lymphocyte representation with a simultaneous decrease in the number of transfusion microflora in the
oropharyngeal secretion.

Keywords: oropharyngeal secretion, lymphocytes, microflora.

ISSN 2664-472X. e ISSN 2664-4738. Medical science of Ukraine / Meouuna nayxa Yrpainu, 2021, Vol. 17, Ne 3 43



Shweta Patil, Sangita Phatale, Basavaraj Malipatil.

DOI: https://doi.org/10.32345/2664-4738.3.2021.05
UDC: 616.379-008.64

CORRELATION OF GLYCOSYLATED HEMOGLOBIN LEVELS
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Relevance. Diabetes mellitus is a group of metabolic disorders wherein hyperglycemia occurs either due to lack of insulin secretion
and/or reduced insulin sensitivity of the tissues. One of the commonest complications of diabetes is neuropathy and its severity will de-
pend on how long and how high the hyperglycemia has been prevalent. Chronic hyperglycemia in diabetes affects the peripheral nerves
and slows psychomotor responses in persons who do not have proper glycemic control. This decreased psychomotor response because
of improper glycemic control affects the reaction time in diabetics.

Objective: to assess and compare the auditory and visual reaction time in group-1 and group-2 diabetics and to correlate it with
glycosylated hemoglobin (HbA 1¢) levels in both the groups.

Methods. The study was conducted on 60 subjects aged between 40-50 years after obtaining the permission of the ethical committee
of our institution. The group consisted of 60 well controlled diabetic patients (HbAlc < 7%) with history of diabetes for 1-10 years at-
tending the medical OPD of Basaveshwar teaching and general hospital, Gulbarga. Diabetics with HbA1c 5-6% were grouped as group-1
and those with HbAlc 6-7% as group 2. The visual reaction time for green and red light and auditory reaction time for tone and click
sound was measured by using reaction time apparatus 2x4, Anand agencies Pune. HbAlc was done by micro-column method.

Results. The visual and auditory reaction time of diabetics with HbAlc 5-6% was faster as compared to the diabetics with HbAlc
6-7% with P< 0.001 and a statistically significant positive correlation was found between HbAlc levels and the visual and auditory

reaction time.

Conclusion. Poor glycemic control slows psychomotor responses and thus affects the visual and auditory reaction time.
Key words: Diabetes, Hyperglycemia, Glycemic control, Reaction time, HbAlc, Diabetic Neuropathy.

Relevance. Diabetes mellitus is prevalent worldwide.
About 285 million people had diabetes, with type 2 con-
tributing to 90% of the cases [1]. The incidence of dia-
betes is rising, and by 2030, this number is estimated to
almost double [2]. In India more than 62 million individ-
uals are currently diagnosed with the diabetes [3, 4]. With
this rapidly increasing rate diabetes could be considered
to be a potential epidemic in India. The etiology of diabe-
tes is multifactorial. It may be due to and genetic factors
along with change of lifestyle, easy access junk foods,
sedentary life, stress and steady urban migration. Even
with this increasing incidence of diabetes in India, there
are only a few studies conducted on the prevalence of
diabetes and its complications. One of the major causes
of mortality and morbidity in our country is diabetes mel-
litus, which is due to high blood glucose levels. About
four million deaths in the 20-79 age group were probably
caused due to diabetes in 2010, which was about 6.8% of
global all-cause mortality in this age group.

Diabetes mellitus is a metabolic disease characterized
by hyperglycemia which may be due to insufficient in-
sulin secretion and/or reduced insulin sensitivity to the
tissue. It is associated with abnormal glucose, lipid and
protein metabolism. The chronic hyperglycemia has a

higher risk of developing neuropathy, microangiopathy,
atherosclerosis and impaired wound healing. Diabetes
mellitus can affect multiple organs in the body, some
of which may be fatal. A less addressed and not so well
recognised complication of diabetes is cognitive dysfunc-
tion. Cognitive dysfunction found in diabetic patients
were related to their disease. The first noticed case of
cognitive dysfunction in diabetes mellitus patient was in
1922, where diabetic patients ‘who were free from aci-
dosis but usually not sugar free’, had impaired memory
and attention when cognitive test was done.

Diabetes mellitus causes both microvascular and
macrovascular complications. It has been shown in stud-
ies that microvascular complications are mainly because
of hyperglycemia, whereas insulin resistance is the ma-
jor determinant in macrovascular disease [5]. Diabetic
neuropathy is an important cause of sudden deaths in
diabetics and both the degree of glycemic control and
duration of diabetes are responsible for it, though the
onset of this complication is more dependent on the du-
ration of diabetes.

Diabetic neuropathy (DN) is defined as, patient with
diabetes mellitus (DM) having signs and symptoms of
peripheral nerve dysfunction wherein other causes of
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peripheral nerve dysfunction have been excluded. The
incidence of DN in India is not well known but a study
from South India showed that 19.1% type II diabetic
patients had peripheral neuropathy [6]. One of the com-
monest causes of peripheral neuropathy is DN and it re-
quires more frequent hospitalisation than any other com-
plications of diabetes. It is also one of the commonest
causes of non-traumatic amputation. All types of diabetic
patients-insulin dependent diabetes mellitus (IDDM),
noninsulin dependent diabetes mellitus (NIDDM), and
secondary diabetic patients-can develop neuropathy. The
prevalence of diabetic neuropathy varies in various stud-
ies due to inconsistency in the definition of neuropathy.
The best data regarding prevalence of neuropathy came
from the extensive study of nearly 4400 clinic patients
undertaken by Pirart. According to his study the prev-
alence rate of DN ranges from 7% to 50% depending
on the duration of diabetes, with 7% within one year of
diagnosis to 50% for those with more than 25years of
diabetes. Males were more affected than females. The
risk for the complication of neuropathy increases with
increasing duration and severity of hyperglycemia.

The development of diabetic neuropathy is probably
due to vascular lesions and it was first considered in 1893
and was supported by the pathologic studies of Woltman
and Wolder in 1929. They concluded that “atherosclero-
sis of nutrient vessel of the nerve plays a leading part in
the production of diabetic neuritis”.

Pathogenesis of diabetic neuropathy is multifactorial.
Pathologic changes inherent to neurons caused by hyper-
glycemia [7] and ischemic damage to the neurons caused by
decreased neurovascular blood flow [8] both factors are re-
sponsible. Because of these vascular elements, diabetic neu-
ropathy is considered to be a microvascular complication.

Chronic hyperglycaemia in diabetes affects peripheral
nerves in the somato-sensory system. It also slows psy-
chomotor responses in those individuals without proper
glycemic control, which may affect reaction time.

Reaction time (RT) is the elapsed time between the
presentation of a sensory stimulus and the subsequent be-
havioral response. Different types of stimuli can be tried
to elicit a particular response such as light, sound, etc.
The measure of reaction time has been used to evaluate
the processing speed [9] of Central Nervous System, the
co-ordination between the sensory and motor systems
[10] and performance of an individual.

Glycosylated hemoglobin is widely accepted and
the most reliable test for assessing glycemic control.
Persistent hyperglycemia causes non-enzymatic gly-
cosylation of polypeptides and proteins, including he-
moglobin. Of all the Glycosylated form of hemoglobin,
HbA 1c is the most stable, more than 80 per cent of the
Glycosylated form is HbAlc. Glycosylated hemoglobin
is an index of long-term blood glucose concentrations
and it also helps to assess the risk for the development
of complications in patients with diabetes mellitus [11].

Lowering of HbA 1c reduces the risk of neuropathic,
microvascular and possibly macrovascular complications
of diabetes [12]. So strict glycemic control is important
in delaying the onset and progression of microvascular
complications of diabetes including neuropathy. Hence,
it is recommended that HbAlc testing be used as a pre-
ventive measure to reduce morbidity and mortality due
to complications of diabetes in the community.

Diabetic neuropathy is the most common complica-
tion in diabetes, chronic hyperglycemia being the im-
portant cause for it. Studies with comparison between
diabetic patients and control groups have been done,
our study involves only the controlled diabetic patients
in order to highlight the importance of glycemic control
in reducing the morbidity and mortality in diabetics due
to neuropathy. The current study is done by measur-
ing the auditory and visual reaction time, and HbAlc.
The auditory and visual reaction time is correlated with
HbAlc levels.

Objective: to assess and compare the auditory and
visual reaction time in group-1 and group-2 diabetics
and to correlate it with HbA 1c levels in both the groups.

METHODS

After obtaining the permission from the ethical com-
mittee of our institution (M R medical college, Gulbarga)
the study was conducted on 60 subjects aged between
40-50 years. The group consisted of 60 well controlled
diabetic patients (HbAlc < 7%) with history of diabetes
for 1-10 years attending the medical OPD of Basavesh-
war teaching and general hospital, Gulbarga. Diabetics
with HbAlc 5-6% were grouped as group-1 and those
with HbAlc 6-7% as group 2. Diabetics with auditory
or visual disturbance, Alcoholics, hypertensives, smok-
ers, Clinical evidence of peripheral neuropathy, Muscle
weakness, myopathy, Mental or psychological disorders,
Neurovascular complications, any pathology or injury
to the upper limb and Clinical evidence of any other
illnesses which effect the reaction time were excluded
from the study.

HbAlc is done by micro column method which
contains a pre-weighted amount of resin equilibrated
with phosphate buffer 72mmol/L, pH6.5. Sodium azide
0.95g/L. After preparing the hemolysate, where the labile
fraction is eliminated. HbAlc is specifically eluted after
washing away the HbA la+b fraction and is quantified by
direct photometric reading at 415 nm.

The Auditory and visual reaction time was measured
using reaction time apparatus. This apparatus is a por-
table research reaction timer with 2 response choices. It
has an inbuilt chronoscope-4 digit chronoscope with least
count of 1/1000 seconds and works on 230 volts AC. The
apparatus has two sides, one ‘S’s (Subject) and the other
‘E’s (Examiner). There are 4 keys, and 4 selector switch-
es on ‘E”’s side for selecting ‘S’s left or right key. When
the key marked green light is pressed on the ‘E’s side ‘S’
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will see the same on his side. Similarly, for the red light,
buzzer and click. The push button on E’s side rings the
bell. This is a signal for S to press the right or left key as
selected by E’ with the selector switch. Then E presses
any of the keys giving the required stimulus. The stimu-
lus key is double key. It gives the stimulus and also starts
the chronoscope. As soon as the stimulus is received S
lifts his finger from the right or left key. This stops the
chronoscope and thus reaction time to any of the stimuli
is obtained. All the subjects are thoroughly acquainted
with apparatus and 3 readings were taken after practice
trials for 4 stimuli i-e; Red and Green colour for visual
reaction time, Tone and Click for Auditory reaction time.
Reaction time was recorded using the dominant hand.
Statistical method used: Student t test and Pear-
son’s correlation co-efficient were used wherever ap-

propriate to analyse the data. P Value <0.001 — Highly
Significant, P Value <0.01 — Moderately significant.
P Value <0.05 — Significant, P Value >0.05 — Not
Significant.

RESULTS AND DISCUSSION

Table-1 and Figure-1 depict comparison of VRT and
ART with HbAlc levels in diabetics. The table shows
that the VRT for green and red light stimuli and ART
for tone and click sound stimuli is prolonged in group-2
diabetics than in group-1 diabetics with P<0.001 which
is statistically extremely significant.

Table-2 shows significant positive correlation with
P<0.001 between HbAlc 5-6% and visual green light
and a significant positive correlation with auditory click
sound reaction times P value being< 0.05.

Table 1
Comparison of Visual and Auditory Reaction Time in Group-1 and Group-2 Diabetics
Reaction Time, msec Group-1 Group-2 t-test P-Value
Visual Green 0.199+0.014 0.2445+0.021 t=11.37 P<0.001
Red 0.214+0.009 0.2442+0.023 t=6.04 P<0.001
. Tone 0.174+0.0129 0.203+0.0144 t=7.38 P<0.001
Auditory -
Click 0.170+0.0073 0.1992+0.0166 t=8.78 P<0.001
0,3
0,2445 0,2442
0,214
o 0,199 0,203 0,1992
E 0,2
= 0,174 0,17
£
= 0,15
'E m HbA1c (5-6 % )
o
s HbAlc (6-7 %
® 01 ( )
L]
[
0,05
0 — =
GREEN RED TONE CLICK
VISUAL REACTION TIME AUDITORY REACTION TIME
|
Fig. 1. Comparison of Visual and Auditory Reaction Time in Group-1 and Group-2 Diabetics
Table 2
Correlation between HbAlc Level and Visual and Auditory Reaction Time in group-1 Diabetics
Reaction time, msec Correlation coefficient, (R) P-Value
. Green 0.662 P<0.001
Visual
Red 0.295 P>0.05
) Tone 0.356 P>0.05
Auditory -
Click 0.428 P<0.05
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Table 3

Correlation between HbAlc Level and Visual and Auditory reaction time in group-2 diabetics

Reaction Time, msec Correlation coefficient, (r) P-Value
. Green 0.769 P<0.01
Visual
Red 0.502 P<0.01
. Tone 0.649 P<0.01
Auditory -
Click 0.710 P<0.01

Table-3 shows highly significant correlation between
HbA1c 6-7% and visual green and red light and auditory
tone and click sound reaction times.

In our study, we found that diabetics with HbAlc
5-6% performed better than diabetics with HbAlc 6-7%
with a significant positive correlation between HbAlc
levels and visual and auditory reaction time. Improper
glycemic control reduces psychomotor efficiency, mo-
tor speed and attention. The enzyme aldose reductase
is activated by the intracellular hyperglycemia which in
turn increases the formation of sorbitol. Thus, sorbitol
gets accumulated. It is neurotoxic and reduces the Na-K
ATPase activity of the cell. As a result of uncontrolled
hyperglycemia, the sodium-dependent myo-inositol up-
take is competitively inhibited. It is hypothesized that this
decreased uptake leads to the decreased concentration
of myo-inositol in peripheral nerves and also decrease
in the sodium potassium ATPase activity which leads to
decrease in nerve conduction.

Longstanding hyperglycemia causes an increased
flux of the polyol pathway, enhanced advanced glycation
end-products formation, excessive release of cytokines,
activation of protein kinase C and exaggerated oxida-
tive stress all of which leads to peripheral nerve injury.
Extremely long axons which originate in the small neu-
ronal body are more likely to be affected on their most
distal side because of malnutritional axonal support or
environmental insults. Deficient vascular supply with im-
paired autoregulation is the most likely cause of hypoxic
damage in the nerve. Such effects caused by long-term
hyperglycemia are critical for peripheral nerve damage,
resulting in distal-predominant nerve fiber degeneration.
The axonal degeneration of both the myelinated and
unmyelinated fibers, axonal shrinkage, thickening of the
basement membrane and microthrombi are responsible
for delayed motor nerve conduction and hence, the in-
creased reaction time.

The DCCT has documented that there is a direct rela-
tion between blood glucose concentrations as measured
by HbAlc and the risk of complications. The risk of
microvascular complications varies continuously with
HbA1c concentration below which risk is eliminated.
Analogous correlations between HbA 1c and complica-
tions were observed in patients with diabetes type 2 mel-
litus in the UKPDS trial. Each 1% reduction in HbAlc
(e.g. from 8% to 7%) was associated with risk reduction
of 37% for micro vascular complications. An increase

of 1% in HbAlc was associated with a 28% increase in
the risk of death [13]. Based on the DCCT and UKPDS
the ADA recommends that a primary treatment goal in
adults with diabetes should be near-normal glycemia with
HbAlc less than 7%.

Graf RJ et al. found baseline HbAlc¢ levels cor-
related with the incidence of peripheral neuropathy. But
study by Susenko et al. found no correlation between
HbAc levels and peripheral neuropathy. In a study by
Padilla-Medina JA et al, the diabetic patients simple
reaction times (SRT) were an average 24% longer than
the reaction time in non-diabetic group and a significant
average difference of 41% was obtained in choice reac-
tion time studied through performance indexes (d’). A
positive correlation of 0.6594 between the duration of
diabetes and SRT of diabetic patients was obtained [14,
15]. On the contrary, Dey J et al, found no correlation be-
tween the duration of diabetes and cognitive function in
those with NIDDM less than 18 years. S Venkataraman,
V S Ganesan and others found that a reduction in the
glycemic levels from the hyperglycemic range resulted in
a significant improvement in VRT, one of the indices of
cognitive skills routinely performed in diabetic subjects.

The study conducted by Christoper M Ryan and
Theresa M Williams to examine learning and memory
processes in a group of 82 younger adults with a long-
standing history of childhood\onset IDDM, showed that
they performed worse on measures of psychomotor effi-
ciency, with degree of chronic hyperglycemia being the
best predictor of psychomotor slowing.

Clarrisa Smith Holmes et al, found that the rapid mo-
tor responses following a visual stimulus was delayed in
diabetic subjects at extremes of glucose levels compared
to euglycemic state. Paradoxically, Flender and Lifshitz
observed improved fine motor coordination at elevated
blood glucose levels. Franklin GM, Kahan LB, Baxter J,
Marshall JA, Hamman RE found neuropathy to be sig-
nificantly associated with duration of diabetes, glycemic
control, age, height and male gender.

Limitations. The major drawback of our study is that
we have examined only auditory and visual reaction time
for demonstrating correlation between HbAlc¢ levels and
neuropathy. Since auditory and visual reaction time can
be affected by so many other factors it is practically im-
possible to exclude all of them in these patients. Hence,
additional pathological and functional tests have to be
done in order to substantiate the mechanisms responsible
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for the differences in auditory and visual reaction time
that we have seen in these two groups.

CONCLUSION

We found a positive correlation between HbA1c lev-
els and visual and auditory reaction times in our study.
This shows that poor glycemic control slows psycho-
motor responses. We conclude our study with the obser-
vation that, glycemic control (HbAlc levels) affects the
visual and auditory reaction time in diabetics.
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AKTyaJabHicTb. LlykpoBuii iabeT € rpyrnor MeTadoIiYHUX TOPYIIeHB, TIPH SKUX TIIepIIikeMis BHHUKAe ab0 dyepe3 HelTOoCTaTHIN
cekperii iHCymiHy, a00 Yepe3 3HIKECHHS Yy TIIMBOCTI TKAHUH 10 1HCYymiHy. OnHIM 3 HalO1IbII OMNPEHNX YCKIaJHEHb A1a0eTy € Hel-
pomaris, 1 ii TOKKICTh Oyze 3aaekaTu BiA CTyNEHS 1 TPUBAJIOCTI TinmepriikeMil. XpoHIYHA TileprilikeMis npu AiadeTi NpU3BOAUTH 10
ypakeHHsI nepruepUuHUX HEepBIB 1 yMOBIIBHIOE MIBUAKICTh Peaxilii y Jrofei, y SKUX BiICYTHIil HaleKHUI ITIKEMIYHHI KOHTPOIIB.
3HIKEHHsI IICMXOMOTOPHOM peakiii 4yepe3 He0CTaTHICTh IIKeMIYHOTO KOHTPOJIIO BIUTMBAE Ha Yac peaxiii y 1iabeTHKIB.

Hiab: oiHATH i TOPIBHATH Yac CIyXOBOI 1 30pOBOI peakIiif y XBOpuxX Ha aiadeT B rpynax 1 Ta 2, i IPOBECTH KOPEJISLIIO 3 piBHEM
mIiKo3uIIboBaHOTO reMortobiny (HbAlc) B 060x rpymax.

Metoan. [locmimkeHns mpoBoamiocs 3a yaacTio 60 oci0 y Bimi Big 40 1o 50 pokiB micis OTpUMAaHHS T03BOY €THYHOTO KOMITETY
HaIoro iHcTuTyTy. I'pyna ckinananacs 3 60 nauieHTis 3 1oope koHTposnsoBanuM aiadetom (HbAlc <7%) B anamuesi Big 1 no 10 pokis,
sKi BiaBimyBanu mMequunuil nentp OPD B BacaemBap, I'ynGapra. ITamientu 3 piBHem remorno6iny HbAlc 5-6% Oynn 3rpynosani B
rpyny 1, a marientu 3 HbAlc 6-7% - no rpynu 2. Yac 30poBoi peakuii Ha 3eJICHUH 1 YepBOHMI CBITIIO, 1 Yac CIyXOBOI peakiii Ha 3BYK
1 KJIaIaHHST BUMIPIOBAJIM 3a JOIOMOTIOI0 NIPHIIAy BU3HAUSHHs dacy peakiii 2x4, Anand agencies Pune. HbAlc Bu3Havanmm mMetomoM
MIKPOKOJIOHKH.

PesyabTaTn. Yac 30poBoi Ta ciyxoBoi peakniit y xBopux Ha miadet rpymu 1 (HbAlc 5-6%) Oyno mBuame P <0,001 y nopiBHsIHHI
3 xBopumu rpynu 2 (HbAlc 6-7%). Takox Oyna BHABIEHA CTATUCTUYHO 3HAUYYINa MO3UTUBHA Kopensis Mix piBHeM HbAlc i uacom
30pOBOI Ta CIIyXOBOi peaKiliii.

BucunoBku. [Torannii miikeMi4HUI KOHTPOJIb YIIOBUIBHIOE MIBUIKICTE PeaKiii i TAKUM YMHOM BIUTMBAE HA Yac 30pOBOI Ta CIIyXOBOT
peaKIii.

Karwuosi cioBa: niabert, rineprimikeMisi, DTIKEMIYHUH KOHTPOIIb, yac peakii, HbAlc, niabetnuHa Heliponaris.

B3AUMOCBsI3b YPOBHS INIMKO3UJIMPOBAHHOI'O 'EMOINIOBUHA U BPEMEHU CJIYXOBOM U
3PUTEJIBHOU PEAKIIUU ITPU TUABETE
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AxTyaiabHocTh. CaxapHbIi AuabeT mpeAcTaBiseT co00H IrpymTy MeTaboINIeCKUX HapyIIeHHH, TPH KOTOPBIX THIEPITHKEMHUS BO3-
HHUKaeT TM0O0 M3-3a HEJOCTATOUYHOM CEKpelnH WHCYNWHA, THOO0 M3-3a CHIDKEHUS] UyBCTBUTENBHOCTU TKaHeH K MHCynuHy. OgHUM n3
HauboJiee paclpoCTPaHEHHBIX OCIOKHEHUH JradeTa sBIseTCs HeUpOonaTus, U ee TAKECTh OyJeT 3aBUCEThb OT CTCHEHH M NPOLOJIKHU-
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TEIBHOCTH THUNEPIINKEMHUN. XPOHUYECKask THICPIIIMKEMHUS P THabeTe MPUBOAUT K OPasKEHUIO NepU(PEepUIecKUX HEPBOB H 3aMe-
JISIET ICUXOMOTOPHBIE PEAKINH Y JTIOZIEH, y KOTOPBIX OTCYTCTBYET HaNICXKAIINI IINKeMHYeCKnil KOHTpoib. CHIKEHUE TICHXOMOTOPHOIT
PEaKINK 13-3a HEJOCTATOYHOCTH INIMKEMUUECKOTO KOHTPOJISI BIUSIET HA BPEMsI PeakIMu y THa0ETHKOB.

Ilesb: OLEHUTH U CPABHUTH BPEMsI CIIyXOBOIl U 3pUTEIIbHOM peakuuil y 60IbHBIX quabeToM B rpymnax 1 u 2, ¥ IpOBeCTH KOppeJs-
LU0 C YPOBHEM IIIMKO3MIHpoBaHHOTO reMorioonHa (HbAlc) B obenx rpymmax.

Metoasl. ccnenoBanue npoBoamnocs ¢ yuacrueM 60 dennosek B Bospacte oT 40 1o 50 jeT nocie noay4eHus paspelieHus dTude-
CKOTO KOMHTETa HaIlleTO MHCTUTYTA. I pymnma cocTosina u3 60 manueHToB ¢ XopoIo KoHTpoiaupyembiM auabetom (HbAlc <7%) B anam-
Hese ot 1 1o 10 net, mocemasmmx MeantmHcknii nenTp OPD B bacaemBap, I'yn6apr. [lannentst ¢ ypoBHeMm remornoouna HbAlc 5-6%
ObUIM CrpYNITUPOBaHbI B rpynmy 1, a mauuents! ¢ HbAlc 6-7% - B rpynmy 2. Bpemst 3puTenbHOi peakiny Ha 3eJICHbII 1 KPaCHBIH CBET,
U BpeMsI CIIyXOBOHM peakIiy Ha 3BYK U HICTYOK M3MEPSIIA C MOMOIIBIO TPUOOpa OonpeaeicHus BpeMeHn peakunu 2x4, Anand agencies
Pune. HbA1c onpezensiiim METOIOM MUKPOKOJIOHKH.

Pe3yabrarsl. Bpems 3putensHOi U ciryxoBoi peaknuii y 6ompHbIX quaderom rpynmsl 1 (HbAlc 5-6%) 6suto 66icTpee P <0,001 o
cpaBHeHHIO ¢ 6onpHBIME rpynmsl 2 (HbAlc 6-7%). Taxke Oblta 0OHapy:KeHa CTaTUCTHYECKH 3HAYMMAs MOJIOKUTEIbHAs KOPPEIIAIHS
Mexay ypoBHeM HbAlc u BpeMeHeM 3pUTETbHON U CITyXOBOW PEaKIHid.

BuiBoabl. [1710X0# IIMKeMUYECKH KOHTPOJIb 3aMEAJISIET IICHXOMOTOPHBIE PEaKIIMU U TAKUM 00pa3oM BIIUSET Ha BPEMsI 3pUTEIIbHON
U CIIyXOBOH peaxiuii.

KoroueBsie ci1oBa: 1radeT, THIEPIIMKEMUs, NIMKEMAYECKHH KOHTPOIIb, BpeMs peakimu, HbA lc, nnabeTnyeckas HeHponarwsl.
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Relevance. Upper respiratory tract infections (URTIs) are common in children and often progress with secondary complications such
as otitis media, bronchitis, or pneumonia, especially in children with recurrent URTIs. Probiotics displayed immunomodulatory effects
in children and adults, supporting immune functions to prevent winter diseases or common colds.

Objectives. We assessed the effectiveness of a 6-week prophylaxis with probiotics (Lactobacillus helveticus Rosell®-52, Bifidobac-
terium infantis Rosell®-33 and Bifidobacterium bifidum Rosell®-71) for preventing primary infections and/or secondary complications
in URTI-prone children.

Methods. URTI-prone children were randomly divided into the probiotics (3x109 CFU/day; 6 weeks) or control arm (no preventive
intervention). The number of URTIs, duration and related complications were monitored for 6 months. Resistance index, number of
medical visits, and antibiotics prescriptions were also recorded.

Results. After 2 months, probiotics reduced the number of URTIs (-2.34+0.13 vs -0.24+0.14; P<0.0001) and duration in (-1.13 +0.18
vs -0.18+0.18 days; P=0.0011), and the number of secondary complications (-53% vs -5.8%; RR 0.5313 95% CI [0.3534, 0.7986] P=
0.0058). Probiotic lowered resistance index (P<0.0001), number of medical consultations with specialized physicians (P=0.0033) and
antibiotics prescriptions (P<0.0001).

Conclusions. Overall, a 6-week prophylaxis with combined probiotic (Lactobacillus helveticus Rosell®-52, Bifidobacterium infan-
tis Rosell®-33 and Bifidobacterium bifidum Rosell®-71) in URTI-prone children exerted a significant and clinically important health
benefit, decreasing the number and duration of URTI episodes and secondary complications and reducing the resistance index to a
near-normal value. Furthermore, potential societal benefits of reducing health care use and inadequate antibiotic prescriptions in children
favours the use of this probiotic product as a preventive strategy against URTIs and their consequences in frequently sick children.

This trial was retrospectively registered on ClinicalTrials.gov (NCT04525040).

Keywords: Prevention, Pediatrics, Ear-Nose-Throat Infections, Resistance Index, Probiotics

Relevance. Upper respiratory tract infections (UR-
TIs), including common cold and other ear-nose-throat
infections (ENTIs), are common in children worldwide
[1]. The burden of these infections on parents, children
and the healthcare system is considered high; they often
lead to more severe health complications, especially
in cases of recurrent respiratory tract infections [1, 2]
which are estimated to occur in approximately 10-15% of
children [3]. For example, acute URTTs increase the risk
of lower respiratory infections (e. g. bronchitis, pneumo-
nia), of bacterial infections in the middle ear and sinuses,
and can act as a trigger of cyclic vomiting (acetonemic)
syndrome [4-10]. Consequently, URTIs were associated
with an increase in the number of inappropriate antibi-
otics prescriptions in children [11, 12]. Considering that
URTTI treatment relies mainly on symptoms alleviation,
there is a need to improve preventive strategies against
URTISs in order to decrease the occurrence of secondary
infections, help limit antibiotics prescription in children,
and reduce the collective costs associated with secondary
and tertiary health care use for complications (i.e. hospi-

talizations or surgeries).

Current preventive strategies against recurrent URTIs
include improving hygiene and social distancing from
sick individuals (i.e. sibling, parent, day-care), target-
ed vaccination and non-specific immunomodulation,
the latter comprising, among others, the use of bacte-
rial lysates, immune-promoting vitamins, probiotics,
or herbal compounds [13-15]. Probiotics are defined as
“live microorganisms that, when administered in ade-
quate amounts, confer a health benefit on the host” [15].
Studies have associated recurrent respiratory infections
with a loss of intestinal microbiota diversity [16]. Some
probiotic formulations were shown to improve both the
innate and adaptive immunity via local and systemic
effects. Locally, probiotics can stimulate intestinal mu-
cus secretion, compete with pathogens at the mucosal
interface and ameliorate the intestinal barrier function
by strengthening tight junctions which reduces intesti-
nal permeability, thereby limiting the translocation of
pathogens to the lamina propria and mesenteric lymph
nodes. Systemically, probiotics have been shown to alter
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the levels of circulating cytokines, regulate the balance
between effector and regulatory T-cells and the Th1/Th2
immune responses [17, 18].

Over the past few years, several systematic reviews
have concluded to the functional efficacy of probiotics
at reducing the incidence and/or duration of acute re-
spiratory infections in children [19-22]. Yet, available
evidence from clinical trials was deemed of low to very
low quality; more research is required to establish the
effectiveness of specific probiotic formulations for the
prevention of URTIs in children [19-22]. The high het-
erogeneity between studies was mainly attributed to
the differences in the probiotic strains or formulations
tested, their dosage as well as treatment and follow-up
durations. Probiotic formula we used containing a com-
bination of three bacterial strains, was shown to mod-
ulate immune responses in vitro and in vivo [23-27]
In clinical trials, the combined probiotic we use was
previously reported to reduce the incidence of common
winter diseases or ENTIs in frequently sick children
who received the supplement for 3 to 9 months [23,
27]. Here, we report a functional clinical assessment
of its preventive efficacy against URTIs and related
complications in frequently sick children following a
shorter 6-week preventive intervention course with a
6-month follow-up period.

Objectives. We assessed the effectiveness of a
6-week prophylaxis with probiotics (Lactobacillus hel-
veticus Rosell®-52, Bifidobacterium infantis Rosell®-33
and Bifidobacterium bifidum Rosell®-71) for preventing
primary infections and/or secondary complications in
URT]I-prone children.

MATERIALS AND METHODS

Study Design. This randomized controlled trial was
conducted in Ukraine between September 2016 and June
2017. Study conduct was in accordance with the Decla-
ration of Helsinki and was approved by the ethics board
of the Children’s Clinical Hospital No. 5 (Kyiv, Ukraine)
under the reference number 4/12.09.2016. Before en-
rolment in the study, a parent or legal tutor signed an
informed consent form. This study was registered retro-
spectively in Clinical Trials.gov (NCT04525040).

This trial observed a before-after design including
a retrospective analysis period (6 months before enrol-
ment) and a prospective observation period of 6 months
after probiotic prophylaxis. Enrolled children were ran-
domly assigned, using the sealed envelope method, to
the pragmatic control group who received no preventive
medication, or the intervention group receiving one
probiotic (Lactobacillus helveticus Rosell®-52, Bi-
fidobacterium infantis Rosell®-33 and Bifidobacterium
bifidum Rosell®-71) sachet (3x109 CFU) daily for 6
weeks. The randomization list was computer-generated
(http://www.randomization.com/) with a 3: 2 ratio and
block size of 5, with an estimated study population of

60. The clinical observation period started after the
probiotic prophylaxis for the intervention arm, and after
the baseline visit for the control arm. Children in both
groups received standard symptomatic treatment for
URTT or secondary complications as needed during the
study, except for medications with immunomodulatory
properties (e.g., bacterial lysate vaccines, viral vaccines,
corticosteroids, immunosuppressants, etc.), which were
not permitted.

All participants underwent a physical examination
and interview at the beginning and end of the study, and
a monthly medical examination with interview during
the 6-month follow-up. Data on URTI progression and
secondary complications (e.g., otitis media, adenoiditis,
bronchitis, pneumonia, or cyclic vomiting syndrome)
were collected if a child suffered through an URTI over
the specified month. The study was open label, but as-
sessors (i.e., physicians) were blinded.

Participants. Children recruited for this study had fre-
quent URTIs and were under care at the Children’s Clini-
cal Hospital Ne5 and outpatient clinic of family medicine
general practice No. 1 in Svyatoshynskiy district, Kyiv.
Inclusion criteria were as follows: aged between 3-10
years old, experiencing a high frequency of acute UR-
TIs characterized by a resistance index above 0.33 (i.e.,
URTI episode occurring more often than once every 3
months) during the past year [28], and the absence of
other medications or supplements with immunomodula-
tory properties in the treatment regimen. Children with
chronic pathological conditions (e.g., diabetes, asthma,
leukaemia, primary immunodeficiencies, HIV, hepatitis
etc.) were excluded. The nomogram method was used
for the calculation of sample size. A total of 60 children
were anticipated based on a mean clinically significant
difference of 0.37 in the resistance index, with a power
of 0.80 and alpha of 0.05 [28, 29].

Prophylaxis. Probiotic is composed of Lactobacillus
helveticus Rosell®-52 (R0052), Bifidobacterium infan-
tis Rosell®-33 (R0033), and Bifidobacterium bifidum
Rosell®-71 (R0071) totalling at least 3x109 CFU/dose,
packaged in sachets also containing 750 mg of fructo-oli-
gosaccharides (FOS)/sachet (Lallemand Health Solutions
Inc.). Participants in the probiotic arm were instructed to
take one sachet daily, with a meal for 6 weeks.

Outcomes. The primary outcome was the number
and duration of URTI episodes and the incidence of
complications (total cases) in the probiotics versus con-
trol groups over the 6-month periods (baseline and fol-
low-up). Secondary outcomes were monthly incidence
of URTIs during follow-up, resistance index (calculated
as the number of URTI episodes divided by the number
of months under medical care), individual complications
diagnosed (number of cases), number of medical visits
to specialist, and number of antibiotics prescriptions.
Adverse events were surveyed at each monthly study
visit during follow-up.
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Statistical analyses. R version 4.1.0 was used to com-
pare baseline characteristics using Fisher’s exact test
(proportions) or unpaired Student’s t-test (mean+S.E.M.).
Between-group comparisons of the change from baseline
were analysed with the SAS JMP software v. 15, using
the Wilcoxon ranked sum test for paired, non-normally
distributed data. R version 4.1.0 was used to calculate
the relative risk ratios during follow-up and the score
test based 95% confidence intervals.

RESULTS AND DISCUSSION

Flow of participants. Participants’ flow throughout
the study is presented in Figure 1. Following medical
charts pre-screening, the 56 participants assessed for
eligibility were enrolled and randomized to the con-
trol arm (without preventive intervention, n=23) or
the prophylaxis arm (Probiotics, n=33). One partici-
pant in the probiotics arm was withdrawn due to an ad-
verse event deemed unrelated to the study supplement,
hence 32 participants were analysed for the intervention
arm. Among the 23 children enrolled in the compara-
tor control group, 6 were found ineligible after study
completion for having had less than one URTI every
3 months despite a similar total number of infections

over the past year and similar nosological profiles at
the baseline assessment. These children were excluded
from the per-protocol (PP) data analysis (n=17) but
were included in the intent-to-treat (ITT) data analysis
(n=23), for which results are presented as supplemental
figures where indicated.

Demographic characteristics of the study population.
The demographic characteristics of the PP population
are shown in Table 1. Overall, the study population was
composed of 26 females and 23 males, with a similar
proportion in each group (P>0.9999). The average age
of the population was 6.04+0.3 years old, with a similar
age group distribution (P=0.9819). All children were
vaccinated according to the national vaccination schedule
(measles, mumps, rubella, diphtheria, tetanus, poliomy-
elitis before age 6), with no vaccinations occurring in the
6 months before or after the start of the study. However,
3 children in the intervention group and 2 in the control
group received vaccinations between 10-6 months before
the start of the study.

In the PP population, both groups displayed a sim-
ilar URTI-related medical history over the past year,
typical of children with recurrent URTISs in terms of
episodes number (8.740.24 vs 8.35+0.42) and duration

Invited to participate (n=56)

[ Enrollment ] |

Consented and
Randomized (n=56)

'

: [

Allocation ] Y

Allocated to Control group (n=23)
+ Comparator group (no intervention)

Allocated to Probiotic (n=33)
+ Received allocated intervention (n=33)

A 4

Withdrawn at study start (n=1)
+ Adverse effect (repeated vomiting), deemed
unspecific to the study intervention (n=1)

4

[ Follow-Up ] v

Completed the study (n=23)

Completed the study (n=32)

Y

(==

Analysis

] L 4
J

Analysed for ITT (n=23)

Analysed for PP (n=17)
+ Excluded from analysis (ineligible) (n=6)

Analysed for PP and ITT (n=32)

Fig. 1. CONSORT flow diagram
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Table 1
Demographic characteristics of participants

Population characteristics Probiotic, n = 32 Control, n =17 P value

Gender, male (%) 15 (46.9%) 8 (47.1%) >0.9999 a
Age, mean = SEM Overall: 6.04+0.3
6.0+0.38 6.12+0.59 0.9819b
Age group distribution, n (%)
3-6 years old 21 (65.6) 11 (64.7) >0.9999 a
7-10 years old 11 (34.4) 6(35.3) >0.9999 a
URTI-related medical history over the past year, mean £ SEM

Number of episodes 8.7+0.24 8.35+0.42 0.4394 b
Duration of episodes (days) 8.9+0.21 8.65+0.31 0.4979 b
Number of related complications 5.6+0.22 5.53+0.33 0.8568 b
Number of antibiotic courses 6.0+0.18 5.76+0.23 0.4256 b
Resistance index 0.72+0.02 0.70+0.04 0.6188 b

Medical assessment of symptoms, n (%)

Tonsillar hypertrophy 25 (78.1) 13 (76.5) >0.9999 a
Friable throat 30 (93.8) 15 (88.2) 0.6020 a
Polylymphadenopathy 27 (84.4) 13 (76.5) 0.7001 a
Gastrointestinal symptoms 16 (50.0) 8 (47.1) >0.9999 a
Paratrophy 4 (12.5) 2 (11.8) >0.9999 a

Note: a — Fisher s exact test; b — unpaired t-test.

(8.9£0.21 vs 8.65+0.31 days), number of complica-
tions (5.6+0.22 vs 5.53+0.33), and antibiotic courses
(6.0+0.18 vs 5.76+0.23). Both groups harboured a sim-
ilar 1-year resistance index (0.7240.02 vs 0.70+0.04)
well above the 0.33 cut-off value distinguishing fre-
quently from occasionally sick children. In addition,
the number of antibiotic courses prescribed to children
was slightly higher than the number of complication
cases in both groups, which is in accordance with
existing data on unjustified antibiotic prescriptions
in children with URTI [11, 12]. A similar nosological
profile was observed children of both groups at the
baseline medical assessment, with characteristics typ-
ical of children with recurrent respiratory infections.
No child displayed signs of an active URTI at time
of enrolment. Tonsillar hypertrophy, friable throat,
polylymphadenopathy (with swelling of the palate,
anterior cervical and postural groups of lymph nodes
observed most often) were diagnosed in a large pro-
portion of the population (76-94%). Nearly half the
population reported experiencing a high frequency of
gastrointestinal symptoms such as diarrhoea, constipa-
tion, dyspepsia, or nausea/vomiting. Conversely, para-
trophy, defined as superfluous body weight no more
than 10-20% of the norm, occurred in approximately
12% of the children although not being considered
characteristic of children with recurrent respiratory
infections.

Average number and duration of URTI episodes and
secondary complications over 6 months. The number and
duration of URTI episodes per participant were signifi-
cantly reduced during the follow-up period vs baseline in
both the PP (Figure 2A and B) and ITT populations (Figure
3). As detailed in Table 2, the average number of URTI
episodes was markedly decreased in the probiotics group
during the follow-up phase compared to baseline (from
4.41+0.18 to 2.06+0.15) while remaining stable in the
controls (from 4.00 = 0.23 to 3.76+0.24). The change in
the number of URTIs was significantly different between
groups (-2.34+0.13 vs -0.29+0.19; P<0.0001). The aver-
age duration of URTI episodes (days) was significantly
decreased in the probiotics group compared to controls
(-1.134£0.18 vs -0.18+0.18; P=0.0011).

The number and duration of complications per par-
ticipant and resistance index during the follow-up period
vs baseline were also significantly reduced between the
probiotics and control groups for both the PP (Figure 2C
and 2D) and ITT populations (Figure 4).

As detailed in Table 2, the average number of com-
plications per child over 6 months decreased signifi-
cantly in the probiotics arm from 2.81+0.15 before
enrolment to 0.69+0.17 during the follow-up period,
compared to a marginal decrease from 2.88+0.22
to 2.5940.27 in the control group (-2.13£0.21 vs
-0.2940.19; P<0.0001).
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Fig. 2. Probiotic prophylaxis significantly reduced the number and duration of URTI episodes, the number of complication cases and resistance index

Note: Violin plots showing the distribution of (4) the number and (B) duration (days) of URTI episodes, (C) the number of complications
and (D) the resistance index, averaged over the 6-month follow-up period or 6-month retrospective baseline, among the probiotics (n=32)
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Table 2
Summary of URTI-related clinical data over the 6-month baseline and follow-up periods for the PP population
Baseline Follow-up A
(over 6 months) (over 6 months) (Follow-up - Baseline)
Groups and Outcomes =
Mean SEM Mean SEM P Valuef Mean SEM P Valuet
Valuet
Probiotics, n=32
Number of URTI 441 | 018 | 0.1417| 206 | 0.5 <0.0001 234 | 013 | <0.0001
episodes
Duration of URTI 872 | 021 | 03277 759 | 0.8 0.0141 413 018 0.0011
episodes (days/episode)
Number of 2.81 0.15 | 0.4957 | 0.69 0.17 <0.0001 2.13 0.21 <0.0001
complications
Resistance index 0.73 0.03 | 0.1417 | 0.34 0.02 <0.0001 -0.39 0.02 <0.0001
Number of antibiotic 3.03 | 0.3 | 0.078 | 0.22 0.07 <0.0001 2.81 0.15 <0.0001
courses
Control, n=17
Number of URTI 4.00 023 - | 376 | 024 - -0.24 0.14 -
episodes
Duration of URTI 8.59 017 | - | 841 | 0.19 - -0.18 0.18 -
episodes (days)
Number of 2.88 0.22 259 | 027 -0.29 0.19
complications
Resistance index 0.67 0.04 - 0.63 0.04 - -0.04 0.02 -
Number of antibiotic 2.65 0.15 ; 241 | 0.19 ; -0.24 0.20 ;
courses
+ vs control. Wilcoxon Ranked Sum test.

Similarly, the average resistance index was signifi-
cantly reduced in the follow-up period compared to base-
line in the probiotics arm (from 0.73+0.03 to 0.34+0.03),
while it remained similar in the control group, from 0.67
+ 0.04 during the baseline period to 0.63 + 0.04 during
follow-up (-0.39£0.02 vs -0.04+0.02; P<0.0001). Of
note, while the 6-month baseline number of URTI epi-
sodes and resistance index remained similar in the con-
trol group, the average resistance index during follow-up
in children who took the probiotic formulation decreased
to a value near the cut-off of 0.33 separating occasionally

56

ill from URTI-prone children. As detailed in Table 3, a
reduction in the incidence of URTIs was observed during
the 3rd month, peaked during the 4th month of follow-up
(RR 0.3585 95% CI [0.1468, 0.8756]; P =0.0072) and
remained lower until the end of the follow-up period,
except for month 5 where the reduction was important
but not significant.

Profile of URTI-related complications. The nosologi-
cal profiles of URTI-related complications (Table 4) were
similar between groups, with the following diagnostics:
otitis media, adenoiditis, bronchitis (simple and obstruc-
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Table 3
Monthly incidence of URTIs based on medical examinations of children during the follow-up period for the PP
population
Probiotics, n = 32 Control, n =17 Average
el Relative Risk [95% CI] | P Value | reduction
Month | Without URTL | With URTI, |Without URTL | With URTL, AR 0 LIS 6 ‘,“i{ ° /
n (%) n (%) n (%) n (%) MRS 70
0.7320
1 18 (56.3) 14 (43.8) 7 (41.2) 10 (58.8) [0.3840, 1.3954] 0.3772 26.8
0.7529
2 20 (62.5) 12 (37.5) 8 (47.1) 9(52.9) [0.4253. 1.3329] 0.4177 24.7
0.5134
3 22 (68.8) 10 (31.3) 6(35.3) 11 (64.7) [0.2589, 1.0181] 0.0351 48.7
0.3585
4 21 (65.6) 11(34.4) 4(23.5) 13 (76.5) [0.1468. 0.8756] 0.0072 64.1
0.5729
5 23 (71.9) 9(28.1) 7 (41.2) 10 (58.8) [0.3119, 1.0524] 0.0633 42.7
0.4278
6 22 (68.8) 10 (31.3) 5(29.4) 12 (70.6) [0.1976, 0.9264] 0.0149 57.2

tive), pneumonia, and cyclic vomiting syndrome trig-
gered by an URTI episode. The corresponding incidence
of these complications at baseline was retrieved from
medical charts for the 6 months preceding enrolment.
For all secondary complications, a marked reduction in
incidence compared to baseline was observed in children
who received probiotic prophylaxis versus controls, for
whom the number of complications remained compara-
ble to baseline. The number of children with secondary
complications was reduced in the probiotics group com-
pared to controls (-53% vs -5.8%), reflecting a significant
reduction in the overall risk of complications (RR 0.5313
95% CI110.3534, 0.7986] P = 0.0058). Specifically, there
was a significant reduction in the risk of bronchitis (RR
0.2361 95% CI [0.0851, 0.6550] P =0.0050) and ade-
noiditis (RR 0.2125 95% CI [0.07823318, 0.5772007],
P =0.0018) in the probiotics versus control arm. These
secondary complications were the most frequently diag-
nosed in both groups, along with cyclic vomiting syn-
drome which was reduced in the probiotics group versus
baseline although without a significant change in RR.
For all complications except pneumonia, the reduced or
unchanged incidence between group was mirrored in the
ITT population (Figure 5).

For pneumonia, no cases were observed in the pro-
biotics group during follow-up compared to 8 cases at
baseline, which resulted in a significant RR reduction
in the PP population (P = 0.0369) but not in the ITT
population.

Number of consultations with a specialized physician
and antibiotics prescriptions. Correspondingly with the
reduction in the number of URTI episodes and com-
plications (Table 2), there was a significant reduction
in the need for medical consultations with specialized
physicians during follow-up (Figure 6A) in the probiot-
ics arm compared to controls (P=0.0033). The number
of antibiotic courses (Figure 3B) was also significantly
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reduced in the probiotics group compared to controls
(P<0.0001). Similar results were observed in the ITT
analysis (Figure 7).

Adverse events. The combined probiotic used in the
study was well tolerated by most children (97%); one
child in the probiotics arm was withdrawn from the
study for repeated vomiting following the initiation of
the intervention. Two attempts were made within a few
days’ interval. Further analysis of the child’s medical data
revealed that a similar reaction (vomiting) was some-
times observed following the intake of other medications.
Therefore, the adverse event was deemed not specifically
associated with the study supplement. No adverse events
were observed for other children during the study.

This study shows that a 6-week prophylaxis with a
combined probiotic was effective against URTIs and re-
duced the risk of secondary complications in URTI-prone
children over 6 months after intake cessation, with the
additional benefits of reducing the need for medical
consultations and the number of prescribed antibiotics
courses. URTI-prone children who received the probiotic
formulation displayed a significantly reduced resistance
index approaching the threshold value of occasionally
ill children, which is clinically important. Systematic
reviews have shown a reduction in URTI incidence and
duration in children taking probiotics for periods ranging
from 3 to 24 months [19, 20, 22]. However, in addition to
the variability in the duration of supplementation, a high
level of heterogeneity among studies was also noticed in
terms of population studied (i.e. age and health status),
probiotic supplement used, dosage, and follow-up time.
Notably, few studies have assessed the effect of a shorter
preventive probiotic course on infections or included a
follow-up period after cessation of the intake. In a study
involving healthy 3-12 years old children, the preventive
effect of a probiotic formulation containing L. acidophi-
lus and B. lactis was assessed by initiating supplementa-
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Fig. 5. Bar graphs showing the profiles of complications in the (A) PP and (B) ITT populations.
Note: Stars denote the statistical significance of the RR during follow-up (*~= P < 0.05; **— P<0.01).

Table 4
Nosological forms profile and incidence of complications for the PP population
Probiotics, n = 32 Control, n =17
Variable Baseline Follow-up A Baseline Follow-up A Re[lgast‘ijz)eélli]sk P Value
| o | (};) ol e e [ ] e [#]m
Pneumonia | 8 (2/533) 0] 0320) | 8|84 (‘2‘/31;) 3 [sn7a76) 1|1 0_0%'83,03 6§ a7 | 00369
Cy]c?’l:zliicc?rirﬁtslng 22 {15}22; 4 |432(12.5) | -18]-14 | 14 (13081%7) 12 |on7 29| 2 |-1] o 08%:@?;6 501 | 0-0050
svndr(.)n.le. 23 (2403373 101 7/32(21.9)|-13 | -7 |13 (8212) 12 |7/17 (41.2)| -1 | -2 [0 223.32112526411 0.1929
Adenoiditis 24 (62.5) 5 [4/32(12.5) | -19|-16 | 12 (52.9) 12 110/17 (58.8)] 0 | +1 [0.0782 057721 0.0018
Otitis Media | 13 | /o0 | 3 | 332004 [-10] 9 [ 6 | 200 | 5 [sn7@a|-1| o] |2 | 02
Total 90 ?120%% 22 [15/32 (46.8)| -68 | -17 | 49 }964111 44 [1517(882) 5 | 1| 104 52'453(}3798 o | 0008

Note: A — change from baseline (6-month Follow-up — 6-month retrospective Baseline); #— number of cases diagnosed; n — number of
participants with at least one episode diagnosed. § — 0.5 was added to all numbers to correct for 0 count.
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P=0.0033; Tukey s multiple comparisons test, adjusted P=0.0466), and B) the average number of antibiotic prescriptions over 6-months
in each group at baseline and follow-up. (2-way ANOVA with Bonferroni's multiple comparison test, adjusted P < 0.0001).
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Fig. 7. Bar graphs showing (A) the number of medical visits in the ITT population in each group over the 6 months of follow-up.

Note: (2-way ANOVA; overall, P=0.0010; Tukey's multiple comparisons test, adjusted P=0.0147), and (B) the average number of
antibiotic prescriptions in the ITT population over 6-months in each group at baseline and follow-up. (2-way ANOVA with Bonferroni's

multiple comparison test, adjusted P < 0.0001)

tion (5 billion CFU/d; 2 weeks) at the first appearance of
respiratory infections in a member of the household. The
duration of URTI episodes was reduced, but not the inci-
dence of URTISs or secondary complications (otitis media,
sinusitis, bronchitis, or pneumonia) between treated and
control children [30]. Aside from the fact that the study
population was composed of otherwise healthy children,
this could suggest that administration after the assumed
infection time upon exposure to the sick family member
or the short supplementation period did not allow for a
full preventive action.

In our study, the sustained effect in time observed
after intake cessation could be explained by the timing
of administration; childhood is a critical window for the
immune system maturation. Indeed, this probiotic for-
mulation strengthens the immune system and promotes
host defence development on three fronts: counteracting
opportunistic pathogens, maintaining the integrity of the
intestinal barrier, and modulating cellular and systemic
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immunity [23-27, 31-33]. In rodents, probiotic formu-
la we used in the study induced tight junction proteins
expression and mucin production, which contributes
to the maintenance of intestinal permeability [34-37].
Specifically, L. helveticus R0052 was shown to increase
the amount of circulating IgM, which are produced in
responses to infections, and IgG which constitute a sec-
ondary response [38]. In vitro, the mechanisms were
assessed using intestinal epithelial cells challenged with
Poly(I:C) which elicits a response mimicking an infec-
tion by RNA viruses. Synergy was observed between
the strains with a marked attenuation of the Poly(I:C)
immune response and reduction in pro-inflammatory Thl
cytokines [25, 26].

Importantly, the immunomodulatory effects of this
formulation observed in vitro and in vivo are in accor-
dance with those seen in clinical trials, supporting the
efficacy of combined probiotic for the prevention of
common winter diseases and respiratory infections in
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children [23, 27]. A 3-month course in 2-7 year-old chil-
dren prone to winter diseases significantly reduced the
relative risk of most common winter diseases by 25%.
Furthermore, only 25.8% of children from the probiot-
ic group missed >1 schooldays, compared to 42.5% of
children in the placebo group (h<0.05) [23]. A 9-month
combined probiotic course reduced the incidence of EN-
TIs in atopic children younger than 5 suffering from
respiratory infections or wheezing. The preventive effect
was observed after 3 months and maintained until the end
of the 9-month study, which was correlated with an in-
crease in serum IgA, IgG and IgM levels after 3 months,
and a decrease in serum IgE levels after 9 months of
continuous intake. This study suggests that measurable
effects on the immune system in allergic children (as
per skin prick sensitization testing) appears to require a
longer supplementation period before IgE level normal-
ization [27]. Combined probiotic was shown to increase
or maintain the levels of secretory IgA (sIgA) in children
[33, 39-41], which suggests a role for the formulation
at enhancing mucosal immunity. Specifically, salivary
slgA levels were increased and pro- pro-inflammatory
cytokines IL-6 and IL-17 were significantly reduced in
children with non-infectious diarrhoea who received
probiotic [40]. In healthy 3-12 month-old children, the
anti-inflammatory IL-10/IL-12 ratio was increased sig-
nificantly after an 8-week supplementation period with
B. infantis R0033, while this ratio was increased in the
L. helveticus R0052 and placebo groups after the inter-
vention period [31]. In addition, formula-fed new-borns
receiving probiotic maintained higher faecal sIgA levels
than formula-fed children not taking probiotics, which
suggests an effect of the formulation on the maturation
of the immune system [41].

While harbouring a few limitations, it is improbable
that these have affected the conclusions of our study. Six
ineligible participants were enrolled in the control group
who were found after study completion to deviate from the
frequently sick enrolment criterion based on the number
of URTIs, despite a similar total number of infections over
the past year and displaying a similar set of symptoms at
the baseline examination. Hence, the PP analysis paradigm
was used to ensure these 6 participants with no URTIs for
the 6-month baseline (Figure 3D), who could only display
an increase over the follow-up period, were not inflating
the between-group differences observed in the ITT analy-
ses. However, results were similar despite the lower study
power of the PP population, which demonstrates that these
6 participants were not driving the differences seen in the
ITT population. Strain persistence was not assessed in the
stools and we did not assess the levels of immunoglobulins
in the population; this information could have allowed to
confirm the mechanism behind the lasting effect of probi-
otic prophylaxis. However, long-term colonization of the
intestinal tract is unlikely; generally, probiotics are no lon-
ger detected in stools within a month after intake cessation
[32]. Additionally, the cause of the primary URTI infec-

tions was not determined. However, it is well recognized
that URT]Is usually result from a viral infection [42]; it may
be relevant to validate the specific URTI viral aetiology
in future studies. The control group was observational and
did not receive placebo. Nevertheless, a placebo effect is
unlikely in this context considering the non-subjective
nature of the outcomes and assessors blinding. A longer
follow-up period would have been informative about the
duration of the protection conferred by probiotic; improve-
ment in RRs reached a plateau between 3 and 6 months,
which does not allow to exclude that the benefit could
extend for longer. Further studies are required to establish
whether the duration of the preventive probiotics course
harbours a linear relationship with the duration of the
benefit in time, and to identify the duration of prophylaxis
appropriate for specific subgroup of patients, such as UR-
TI-prone, atopic, or otherwise healthy children.

CONCLUSIONS

This study confirms the safety and preventive ef-
fect of combined probiotic (Lactobacillus helveticus
Rosell®-52, Bifidobacterium infantis Rosell®-33 and Bi-
fidobacterium bifidum Rosell®-71) against URTIs in UR-
TI-prone children. Considering the significant reduction
in the average number and duration of URTI episodes,
as well as reduction of average number of secondary
complications and decreased the resistance index in UR-
TI-prone children, the use of this probiotic formulation
as a preventive strategy could be considered in paediat-
ric medical practice. Furthermore, although no formal
cost-benefit analyses were conducted, the non-negligible
potential benefit of reducing health care use and inappro-
priate antibiotics prescriptions should also be confirmed
in follow-up studies.
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HPO(I)IJIéKTI/I‘{HI/II?'I E®EKT IIPOBIOTUYHOI'O BTPYUYAHHS ¥V JITEW, CXUJIBHHUX 10 TOCTPUX
IHOEKIIX BEPXHIX JTUXAJBHUX IIJIAXIB: PAHAOMI3OBAHE KOHTPOJIbOBAHE JOCJIKEHHSA
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Beryn. [ndekuii BepxHix quxanpHux uuisixis (IBL) mommpeni y aiTei i 4acto mporpecyioTh i3 BIOPHHHUMHE YCKIJIQJHEHHIMH,
TaKMMH SIK OTUT, OPOHXIT a00 ITHEBMOHISI, 0COOIMBO Y JiTei 3 peluIUByIOYUMH iHpeKLisiMU. [IpoOiOTHKH BHUSBIISUIN IMyHOMOIY.TIOIOUY
Jif0 y AiTel Ta TOPOCIHX, MATPUMYIOUH IMyHHI (QYHKIIT /Ut TPO(ITaKTHKH 3UMOBHX 3aXBOPIOBaHb a00 3aCTyIIH.

Hinb: ominuty edekTUBHICTH 6-TIDKHEBOI mpodinakTuku npodiotukamu (Lactobacillus helveticus Rosell®-52, Bifidobacterium
infantis Rosell®-33 ta Bifidobacterium bifidum Rosell®-71) mist 3amo0iranHs mepBUHHUM 1HOEKIiSIM Ta/ab0 BTOPUHHUM YCKIIaTHEH-
HAM y JiTei, cxunpHux o IBJILI.

Marepiasu Ta metonu. Jliteii, cxunpHux 1o IB/IL, BUmagkoBUM YMHOM MOAUIMIN Ha IPYILy, IO HpuiiMaia nmpobiotuku (3x109
KYO/nens; 6 TiwxkHIB), 1 KOHTpONIbHY Ipyny (6e3 npodinakruanoro Brpydanss). Kinskicts IB/I, TpuBamicTs Ta OB’ s13aHi 3 HUMH
YCKIIaJHEHHS BIJICTE)XYBAIUCH IPOTATOM 6 MicsIiB. Takoxk peecTpyBaH iHIEKC Pe3UCTEHTHOCTI, KUIBKICTh MEANYHHX BiJBIyBaHb Ta
MPU3HAYCHHS aHTUOIOTHKIB.

Pesyabrarn. Uepes 2 micsi mpodiotuku 3MeHmwm Kinbkicts IB/IL (-2,3440,13 nporu -0,24+0,14; P<0,0001) Ta ix TpuBamicTs
y (-1,13+0,18 mpotu -0,18+0,18 mus; P=0,0011), a Takoxk KiNbKiCTh BTOPUHHUX YCKIamHEHb (-53% mpotu -5,8%; RR 0,5313 95% A1
[0,3534, 0,7986] P=0,0058). [TIpoGioTrku 3meHImH ingexc pesucteHtHocti (P<0,0001), kinbKicTh MEAMYHUX KOHCYNBTALN y crieria-
nicriB (P=0,0033) ta npu3nauenns antudiorukis (P<0,0001).

BucnoBku. 3araigom 6-TrkHEeBa Npo(IaKTHKA 3 BAKOPUCTAHHSIM KOMOIHOBaHHX Npo0ioTHKIB (Lactobacillus helveticus Rosell®-52,
Bifidobacterium infantis Rosell®-33 Ta Bifidobacterium bifidum Rosell®-71) y miteii, cxumpanx mo IBJII, 3MeHmmIa KiTbKicTh Ta
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TpuBanicth enizonis IB/IIII Ta BIOpMHHUX yCKIJIAJHCHb Ta 3HU3UIIA IOKA3HUK PE3UCTEHTHOCTI 110 Maiike HOpMalbHOro 3HaueHHs. Kpim
TOTO, MMOTEHIII{HA CYCIIIbHA KOPHUCTH BiJl 3MEHIICHHS] BUKOPUCTAHHS MEIMYHOI TOTIOMOTH Ta HEaAeKBaTHOTO MPU3HAYECHHS aHTHO10TH-
KiB y JiTeli Crpusie BUKOPHCTAHHIO IIbOTO MPOOIOTHYHOTO MPOAYKTY siK mpodinaktuanoi crparerii mporu IB/I ta ix HaciiakiB y yacto
XBOPHX JITEH.

e mocnimxenns Oymno 3apeectpobano Ha Clinical Trials.gov (NCT04525040).

KurouoBi cioBa: nmpodinaxruxa, nemiarpis, indexii Byxa-ropia, iHIeKC pe3uCTeHTHOCTI, TPOOIOTHKI

MPOPUTAKTUYECKUA YPPEKT IPOBUOTUYECKOI'O BMEIIIATEJILCTBA Y J;['ETEI?'I,
CKJUIOHHBIX K OCTPBIM NH®EKIMAM BEPXHUX JAbIXATEJbHBIX ITYTEU:
PAHAOMUN3UPOBAHHOE KOHTPOJIMPYEMOE UCCJIIE/JOBAHUE
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AKTyaabHOCTh. H(ekn Bepxanx neixarenbHblx myTeit (MB/IIT) pacnpocTpaneHs! y geTeil 1 9acTo IpOrpecCHpyIoT CO BTOPHI-
HBIMH OCJIOKHEHHSIMH, TAKHMH KaK OTUT, OPOHXHUT MM THEBMOHUS, 0COOCHHO Yy JIeTell ¢ penuauBupyomumMu nHekisamu. [Ipodnoru-
KU MPOSIBIISUTH IMMYHOMOIY/IHpYIOIIee AeHCTBHE y AeTeil ¥ B3pOCIbIX, OICP>KUBAst UMMYHHbIE (QyHKIMH AJISt TPOGHUIAKTHKN 3UMHUX
3a0071€BaHUH UITH IPOCTYABI.

Ieab: orteHUTH 3G PEKTUBHOCTH 6-HeNeNbHOM MpoduIakTiku npodrotukamu (Lactobacillus helveticus Rosell®-52, Bifidobacterium
infantis Rosell®-33 u Bifidobacterium bifidum Rosell®-71) mis npeaoTBpamieHus: NEPBUUHBIX HHOEKIMNA U / WA BTOPUYHBIX OCIOXK-
HeHuil y nereit, ckiaonnsix k UB/IIT.

Marepuanbl U MetToasl. Jlereit, ckronnsx k UB/III, cny4aiiHpiM 00pa3oM pa3aeniid Ha TPYIIny, IPHHAMAIONIYIO TPOOUOTHKH
(3x109 KOE/nens, 6 Henenp), 1 KOHTPOIBHYIO Ipymmy (0e3 mpoduiakTayeckoro Bmeniarensctsa). Komnaectso UB/IL, npomomku-
TENBbHOCTh U CBA3aHHBIE C HUMHU OCJIOKHEHUSI OTCIIEKHMBAIIUCh B TedeHHEe 6 MecsieB. Taxke perncTpupoBany HHAEKC PE3UCTEHTHOCTH,
KOJIMYECTBO MECOAUIITMHCKHUX I'IOCeLL[eHI/Iﬁ Y Ha3HAYEeHUsT aHTHOMOTHKOB.

PesyabTarsl. Uepes 2 Mecsna npoorotuku ymenbimin komundectso UBJIIT (-2,34+0,13 nporus -0,24+0,14; p<0,0001) u ux npo-
nomwkutenbHocTh B (-1,13+0,18 mpotus -0,18+0,18 mus; P = 0,0011), a Takke KOMMYECTBO BTOPUYHBIX OCIOKHEHUI (-53% mpotus
-5,8%; RR 0,5313 95% JIU [0,3534, 0,7986] P=0,0058). [Ipobuotnku ymeHbmmm uHACKC pe3nucteHTHOCTH (P<0,0001), KommaecTBO
MEIUIMHCKUX KOHCYynbTanuil y cnenunanuctos (P=0,0033) u HazHadeHus antudbuotukos (P<0,0001).

BuiBoabl. B obuiem 6-HenenbHas NpoQuIakTHKA ¢ HUCIOIb30BAaHUEM KOMOMHUPOBAHHBIX MPOOMOTUKOB (Lactobacillus helveticus
Rosell®-52, Bifidobacterium infantis Rosell®-33 u Bifidobacterium bifidum Rosell®-71) y nereif, ckinonnsix k UB/II, ymenbimna
KOJINYECTBO M HPOAODKUTENBHOCTH d1n3010B VIB/III 1 BTOPHYHBIX OCJIOXKHEHHMIH, a TaKKe CHHU3WIIA MOKa3aTelb PE3UCTCHTHOCTH JI0
MOYTH HOPMAJBHBIX 3Ha4eHHH. Kpome Toro, moreHImManbHas OONIECTBEHHAs II0Jb3a OT YMEHBIICHUS MCIIOIb30BAHHS MEIHUITHHCKON
MIOMOIIY ¥ HEaJeKBaTHOTO Ha3HAYCHHs aHTHOMOTHKOB Y AeTel CII0COOCTBYET MCIIONB30BAHMIO ATOTO MPOOHOTHUECKOTO MPOIYKTa KakK
npodunakrudeckoit crparerun npotus MBI u ux mocieacTBuii y 4acTo OONCIOMMX IeTei.

10 uccaenosanue 6bu10 3apeructpupoBano Ha Clinical Trials.gov (NCT04525040).

KiioueBble cjioBa: npouiIakTHKa, eguaTpys, HHQEKIUN yXa-ropia, HHASKC pe3UCTEeHTHOCTH, MTPOOHOTHUKH.
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3B’A30K IIOKA3ZHHUKIB POCTY IIVIAIEHT 3 MACOIO HITEﬁ
IIPU HAPOAKEHI B JUXOPIAJIbHUX JIAMHIOTUYHUX ABIMHAX
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AxTyaabHicTh. OTHAM 3 OCHOBHHX ITOKa3HHKIB BHYTPIITHEOYTPOOHOTO PO3BHUTKY JUTHHU € ii Maca npu HapomkeHi. CTaH maneH-
TH BIAJ3epKaJIIO€ BIUIMB MaTePHHCHKOTO CEpPEeOBHINA Ha LT, BasumBo 3’sicyBarn, siKi mapaMeTpH 3pOCTaHHS IDIACHT JOCTOBIPHO
BIUTMBAIOTh Ha Macy JUXOpianbHUX AiaMHIOTHYHUX ([IX/IA) nBieHb.

Linb: nocaiauTy 3B’ 430K MK MOKa3HUKAMHU 3pOCTAaHHS TIAIEHTH Ta MAaCOI0 P HAPOIKEHI TUXOPiadbHUX 11aMHIOTUYHUX JIBI€HD.

Marepianu ta metomu. [Iporsrom 2016-2020 pokiB obcrexeno 135 map JIXJIA GnusHioKiB: pisHOCTAaTeBUX Map Oyino 68, omHO-
CTaTeBHX KiHOYOT cTari — 32 Ta yosoBivoi crari — 35. [ecTaniitnuii Bik konuBascs Bix 29 1o 39,5 THxkHIB, B cepenHboMy CkiiaB 36,4 +
1,74 troxui. OmiHIOBaIM BIUTHB Ha Macy IPH HAPOPKEHI MAaKCHMAIBHOTO Ta MIHIMAJIBHOTO JIaMeTpiB IUIALeHT, IePUMETpY, IUIOII], IIH-
pxymsipaocti (Cire), okpymiocTi, ToBmuHH, Mack (MII), 06’emy (V), 3MinieHHs ToYKH (ikcarii MyMKOBOrO KAHATHUKY BiJl IEHTPY JAUCKY
B3/10BXK Horo MmakcuMaibHoi (XCD) ta minimanbsHoi oci (YCD).

PesyabraTn. Bussnena cuipHa kopemsnis Mk MII Ta Baroro HoBoHapomkeHuX B yciit koropti AXJIA agiens (r = 0,7059, p <
0,0001). Hait6inbIr cupHORO BOHA OyIia B OJIHOCTATEBUX JKiHOUMX JBIHHMX (1= 0,7886, p <0,0001), moTim y pizHocTtaresux (r = 0,7093,
p <0,0001), Tpoxu cradIIow — B OIHOCTATEBUX YoJI0BiuKX mapax (r = 0,6065, p <0,0001). Bara HoBoHapomkeHnux Ta MIT kopentoBaiu
IPAaKTHYHO 31 BCIMa [OKA3HUKAMMY, 10 XapaKTepu3syroTh Gopmy miaient. Halicuibhimoro Oyna kopemsinia 3 V (r,, = 0,66, p <0,0001;
Iy = 0,59, p <0,0001) Ta mnomero*Cire (Tg, e e = 0:645 p <0,0001; 1, =0,62; p <0,0001). MHOKMHHMI perpeciiinnii ananis
BILUTUBY Pi3HUX MOP(OMETPHIHMX MOKA3HUKIB IUTALICHT HA Macy HOBOHAPOKEHHX ITPOJIEMOHCTPYBAB CTATUCTUYHY 3HAYYIICTh HACTYII-
Hux mapametpiB: XCD, MII, V, YCD Ta Circ. Perpeciiina Mmonens s Beiei rpynu AX/IA: maca npu Hapomkeni = 2242,3 + 0,8*MII +
V —10,0* XCD (R2 =0,7002). [Toxi6Hi ¢popmyan oTpumani 1uist pi3HUX 3a crarTio BapianTiB IXJ{A nBiens. Bonu BpaxoByrots 67-85%
(axTopiB, MOB’sI3aHMUX 3 IUIALICHTAMH, BiJI SIKMX 3aJI€)KUTh Maca HOBOHAPOPKCHUX.

BucnoBku. B JIX/IA mapax maca IUIalleHT Maja CHIIBHY HO3UTHUBHY KODPEJISIIIO 3 Macoro HOBOHapokeHHX. OOu/Ba IMOKa3HHUKA
3HAXOIATHCS B OCTATHBO CHIIBHOMY MPSIMOMY 3B’ 513Ky 3 V Ta iX miomero* Circ. Unm Griskde Gopma IianeHTu 10 Koja, TUM 11 QyHKITio-
HaJbHA CIIPOMOXKHICTB BHIIIE. [loripmeHHs 0CTaHHBOT MOKe OyTH MOB’sA3aHe 3 (PiKcali€ro MyNOBUHH JAJIEKO BiJ HEHTPY IUIALICHTAPHOTO
nucky. CunpHIIIUH BIUMB Mae 3MinieHHs B310Bx XCD nopiBHsHO 3 nepemimieHHsAM BifHOocHO Y CD. MHOXUHHMI perpeciiHuii aHami3
MOKa3aB, L0 TPH BCiX BapiaHTaX JBIEHb CTAaTUCTHYHY 3Ha4yIIicTh npoaeMoHcTpyBanu XCD ta MII a6o V ocranuboi. 3anpornoHoBaHi
MOJIelTi IEMOHCTPYIOTS, 1110 67-85% BapiabenpHOCTI Baru ipu HapomkeHi JIX /1A 6iau3HIOKIB Moke OyTH HOSICHEHO TpboMa a00 YOTHpMa
MIPOCTHMH BUMIPIOBAaHHSIMH IX IUIAIIEHT.

KurouoBi ciioBa: muxopianbHi JAiaMHIOTHYHI JBiifHI, MHOXKHHHUH perpeciiHuii aHaii3, MOPGOMETPHYHE JOCIIHKEHHS TUIAICHT,

Maca JUTUHH IPU HAPOHKEHI.

AKTyasnbpHICTh. Maca pH HapOKeHi € TapaMeTpoM,
10 000B’3KOBO BHUMIPIOETHCS TIPH BCiX moyiorax. Po3-
poOJIeHI MiPKHAPOIHI CTAaHIAPTH MACH HOBOHAPOKCHHUX,
SIK1 JIO3BOJISIFOTH OILIIHUTH aJICKBAaTHICTH (PI3UUHOTO PO3-
BUTKY AuTHHH [1]. JloBeneHO, 110 CYTTEBE BIAXUICHHS
B Maci HOBOHAPOPKCHUX MOYKE BKa3yBaTH Ha HASBHICTh
nepuHatansHoi narosorii [2]. [TokazaHo, 110 JaHMii TI0-
Ka3HHUK MOJXKE JI03BOJIUTU OLIHUTH NEBHI 3aKOHOMIPHOCTI
NIOJAJIBIIOTO PO3BUTKY AMTUHM [3].

3’sicoBaHi (hakTOpH, BiJ AKUX 3aJCKHUTHh Maca HO-
BOHApOKeHOT nuTrHHU [4, 5]. BBaxaeTscs, mo Ha HEl
BIUIMBAIOTh TCHETHYHI Ta COIiaIbHO-eKOHOMIYHi (hakTo-
pH, OTOUYIOUE CepeIOBUIIE, HASBHICTh Y MaTepi MEBHUX
3aXBOPIOBaHb B MMEPioJ] BariTHOCTI, TAKUX SIK XPOHIYHI
iH(eKIIi, apTepiaNbHa TimepTeH3isd Ta IyKpOBHiA JiadeT
[6]. CraH mameHTH B 3HAYHIN Mipi BiAI3epKaIIOE TE,
SIKM YFHOM IUTiJ] CHPUHMA€E MaTePHHCHKE CEPEIOBHIIIC.
Tomy, pa3oM 3 FeHETUYHUMH (PAKTOPaMHU, BiH € OTHUM
3 OCHOBHHX YHMHHHKIB BIUIMBY Ha Macy HOBOHAPOJXKe-
HUX. 3pOCTaHHs IJIALlEHTH Oe3mocepeIHbO MOB)sI3aHe

3 ii (hyHKIIOHANBHO €()EeKTUBHICTIO, OCKIJIbKH BOHA
€ €eTMHUM (DeTaIbHUM IKEPENIOM IMOCTaYaHHs 102
MMOXKUBHUMH PEUYOBUHAMU Ta KucHeM [6]. Bara — me
OJIVH 13 HaHOUTBII MOMYISIPHUX Ta TOCTYITHUX CHOCO-
0iB BU3HAYCHHS PO3MIpy ILIAIICHTH, IPOTE iCHy€e Oararo
1HIIMX MOP(HOMETPUYHUX MOKA3HUKIB, SKi MOTEHLIHHO
MOXYTh XapaKTepu3yBaTu (YHKIIOHATIbHY aKTHBHICTh
1poro oprany. HeogHo3HauHi pe3ysnbpraTtu, OTpUMaHi
MU OCJIPKEHH] BIUIMBY JIIHIHHUX pO3MipiB MJaleH-
TapHOTO JUCKY, HOTo Tuiomii Ta 06°‘emy [7, 8], a Takox
MicIs (ikcamnii IyIKOBOTO KaHATHKY Ha Macy AiTell mpu
HapomkeHi [9, 10, 11, 12]. YacTo maHi ogHUX aBTOpP-
CHKHUX KOJICKTHBIB 3HAXOMATHCS B TIOBHIA IPOTHIICKHOCTI
JI0 3HAXIJIOK THIIMX. Pe3ynbpTaTi CyTTEBO 3aJie)KaTh BiJl
KUTBKOCTI JTOCITIJDKYBaHUX HapaMeTpiB Ta METOIOJOTIi
JOCTIKeHb. Bysu 3anpornoHoBaHi AesKi perpeciiiii Mo-
Jeli 3B’S13Ky MOKAa3HHUKIB 3pPOCTaHHSA IUIACHT 3 MacOI0
HOBOHapopkeHuX [6]. B moctynHniit nitepaTypi HaMu
HE BUSBJICHO perpeciiiHuX Mojemei 3alIexHOCTI Macu
quxopianbHux AiamMHioTnyHuX (JXIA) nBieHb Big mo-
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Ka3HHKIB 3pOCTaHHS TUTALICHT. B To# e Jac KiNnbKiCTh
0araToIuliJHUX BariTHOCTEH B yCbOMY CBIiTi Ta YKpaiHi
CyTT€BO 30inbImmIaces. bepydn 1o yBaru mmpoke BIpo-
Ba/DKCHHS B PyTHHHY NMPAKTUKY CYYACHUX AOTOMIKHHIX
penponyktuBHUAX TexHONOTiH (JIPT), MokHA O4iKyBaTH
MOJIAJIBIIIOTO 3POCTaHHS KITbKOCTI OaraTroruiiJHuX Ba-
riTHOcTe#, B iepiry yepry, JIXJIA [13, 14]. Ockinbku B
MaTepPUHCHKIH yTpoOi reHeTHYHi, (hi3i0JIOriYHI Ta MeTa-
OomnivHi (haKTOpU OJHAKOBO BIDIMBAIOTH HA 000X TUXOPi-
AIBHHUX ONU3HIOKIB, TOCITIPKSHHS 1X IUTAIICHT JOTTIOMOXE
3’gcyBary iHII (HaKTOpH, AKi BIIMBAIOTH HA Macy MpHu
HapOJIKEH1, TpUBAIICcTh recrarii. Lle moTeHuiiHo MoXe
MOKPAILUTH CKPUHIHT 3aTPUMKH POCTY IJIOAIB [4, 15].

Hinb: gocmigxeHHs 3B’ 3Ky MiX MOKa3HUKaMHU
3pOCTaHHS IUIANICHTH Ta MAacOI0 MPH HAPOIKEHI AMXO0-
plajbHUX JIIaMHIOTHYHUX JBIEHB.

MATEPIAJIM TA METOIHN

JociimkeHHs TpoBeIcHe Ha KITiHIYHIA 0a3i kadenpu
akymiepctsa Ta Tinekonorii Ne 1 HarioHansHOTO YHIBED-
CUTETY OXOPOHHU 3710poB’s Ykpainu imeni [1.J1. Ulymu-
ka y KHIT KOP «KwuiBchkuit oOnacHA# niepuHaTaIbHUI
neHTpy. [Iporsrom 2016-2020 pokis o6cTexero 135 map
JXIA 6mu3HiokiB (270 HOBOHAPOPKEHHUX Ta TX TUIALICHT).
Cepen HUX pi3HOCTaTeBUX Map Oyino 68, oAHOCTATeBUX
JKiHOUOi cTaTi 32 Ta OAHOCTATEBUX YOJIOBIUOi cTaTi — 35.
lecTraniiinuii Bik B JaHUX Ipymnax KoJuBascs Big 29 a0
39,5 THXHIB, B cepeHbOMY ckiaB 36,4 £ 1,74 TrxHI.

Bik marepiB konuBascs Bix 19 1o 46 pokis, cepenHii
Bik OyB 30,1 + 5,52 pokiB. He 3HaiineHo cTraTHCTHYHUX
BiIMIHHOCTEH B aHTPOIIOMETPUYHUX ITOKa3HUKAX Mare-
PiB pi3HUX BUJIB JBi€Hb (3PICT, Maca TiJia Ta IHAEKC MacH
Tizza — IMT), HassBHOCTI CYIyTHIX 3aXBOPIOBaHb (I[yKpO-
BHUH nia0eT, apTepialibHa TilepTeH31s, Ta IPEeKIaMIICis),
MOTaHUX 3BUYOK (TIOTIOHOIANIIHHS, BXKHBAHHS HapKO-
THUKIB) MPOTSATOM BariTHOCTI Ta CIIOCOOIB PO3POIKEHHSL.
Meniana macu tina nepsictok (78,0 (Q1 — 72,0; Q3 —
94,0) KT) CTAaTUCTUYHO HE BIAPI3HSIACS BiJl MaCH Tija
noTropHapomkyrounx (78.0 (Q1 — 72,5; Q3 — 86,5) kT,
tect Kolmogorov-Smirnov p > 0,10). AHanorigaoo
Oyna cutyartist 3 IMT (29,7 + 5,17 xr/m? Ta 29,3 + 4,25
Kr/m?, BiamosinHo, p = 0,6592).

3BepTae Ha cebe yBary Te, 10 Maiike B MOJOBUHI
BUMaAKiB ogHOCcTareBi JIX/IA nBiitHi Oyiu reHepoBaHi
3aBasku JIPT. [IpakTuuHO B % BHITaNKiB pi3HOCTaTe-
Bi JIBIi{HI € HACIIKOM 3aCTOCYBaHHS PENPOAYKTUBHUX
TEXHOJIOT1H, TOOTO YacTOTa BUHUKHEHHS Pi3HOCTATEBUX
IBi€HBb MPUONH3HO B 1,5 pasu BHIIE, Hi OTHOCTATEBUX.

BpaxoByroun Bce BHUIIE 3a3HAUCHE, MOXHA 3aKITIO-
YHTH, 10 He OyJI0 MPUHIMUIIOBOI PI3HULI cepen MaTepiB
PI3HUX TpyTI.

IIpoBoawn 3BaXXyBaHHsS HOBOHAPOKEHUX OJIpa3y
micist mosnoriB. Macy Tina npu HapopKeHi MaJIOKIB Kia-
cu(iKyBaJld BiATIOBIIHO IO MiXKHApOJHHUX CTaHJAPTIB
OIIIHKY 3pOCTaHHA 1o [1]. MalltokiB Macor HUXKYE

10 BaroBoi NEepLEHTHII PO3LIHIOBANIH, SIK MaJi JUIs TecTa-
uiitHoro Biky woau (MI'BII) [16], Baxkunmu 3a 90 niep-
LEHTUITb — BeJIMKI I recTaliinoro Biky mionu (BI'BIT).

[Ipu gocmiKeHi MIANEHT KePYyBAJIKUCS PEKOMEH-
JIallisIMU 110 JOTPUMAaHHIO CTaHAAPTHHX KPUTEPIiB iX
MaKpOCKOITIYHOTO 00cTexeHHs [17].

Po3zrarnroByBaiu 1miamneHTH Ha PiBHINA TOPH30HTATBHIN
TOBEPXHI (PeTaTbHOIO CTOPOHOIO BBEPX 1 (poTOrpadysain
ix g posoro kameporo Panasonic DMX LC 15. Cain-
KyBaJIM 32 THM, 1100 KaMepa po3TalloByBajlach CTPOTro
BEPTUKAJILHO HaJl IGHTPOM 00’ €KTY i OyIia mapaneabHO0
JI0 HBOTO. B miom1i BepXHbOi MOBEPXHI IUIalleHTapHO-
ro JUCKa PO3TAILIOBYBAJIN JIiHINKY a00 CAaHTUMETPOBY
CTPIYKHU JUI MOJANBIIOr0 KajaiOpyBaHHS Kamepu. Sk i
rpyra aMepuKaHCHKUX HOCHITHUKIB [ 18], Mu mpoBoau-
T BUMIPIOBaHHS TEOMETPUYHHX MMapaMeTPiB TUIAIICHT
Ha nudposux dortorpadisx [19]. Ha Biaminy Bix HEX
KOopHCTyBanucs nporpamoto Imagel/Fiji 1.46r, sika € y
BimbHOMY goctymi (http://imagej.nih.gov/ij/docs/guide).
IIporpamue 3a0e3neUeHHs TO3BOJISIE BUKOHATH HEIIPSIMY
1aHiMeTpiro. Ha 3HIMKax 0OBOIMIM KOHTYpH ITIalleH-
TapHOTO JIHCKY. Bu3Havanm #oro MakCUMaITbHUH JiaMeTp
(MaxA) sK BiACTaHb MK HaWBiJJaJCHIIIUMHI TOYKAMHU
KOHTYpY (puc. 1). BiH ciyryBaB KOOpAMHATHOIO Bic-
cto X. MinimanbHuii niametp mnaneHTa (MinA), abo ii
IIMPHUHY, BUMIPIOBAIM K HaWOUIBIINIT HiaMeTp Ha oci,
NEepIeHANKYISIpHINA 10 MaxA. Bin BukoHyBaB ponb Y
oci koopauHar. Po3paxoByBaiiy CIiBBiTHOIIICHHS MaKCH-
MaJIBHOTO Ta MiHiManbHOTO JiameTpiB (AR). [Iporpama
JlaBaJia KOOpJAWHATH IEHTPaJbHOI TOYKH QIrypH, AKY
Ha3WBaIOTh LIEHTPOIil. 3 MAaTeMaTUYHOI TOYKH 30py IIe
cepenHe 3HaYeHH X Ta Y KOOPIUHAT BCIX MIKCEIIB Y BU-
ninerHi. L{eHTpoin noMivany BpydHy BEIHKOIO KPAIIKOIO.

Puc. 1. BumiproBanHs MOp(OoMeTpHYHNX NOKa3HUKIB Ha MU(POBIii ¢o-
torpadii maneHTH

Ilpumimku: 3enena ninis — 308HIWHIN KOHMYP NAAYeHmMU
@ — [[EHTPOI]] MIALEHTAPHOIO AUCKY

ACD - aGcomntoTHe 3MillleHHSI TOYKH BPOCTAHHS
ITyTKOBOTO KaHATHKA
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Tenna I.B.

MaxA — MakCUMaJIbHUH IiaMeTp IIalleHTapHOTO
JTUCKY

MinA — MiHIMQJTEHHHN JTiaMeTp TUIAIIEHTAPHOTO JIUCKY

XCD — npoexuist 3MiIIIeHHS TOUKH (ikcarlii mynoBu-
HU Ha Bich X

Y CD — nipoekiist TOYKH (ikcarlii TyIToBHHHU Ha BiCh Y

AOCOIIOTHE 3MIMICHHS TOYKU BPOCTaHHS MYITKOBO-
ro kanatuka (ACD) BH3Ha4YaH sSIK BiICTaHb BiJ [IBOTO
Micus o ueHTpoiny. LleHTpoin He 3aBxau criBragae
3 JiaMeTpaMu IUIalleHTH, TaK caMmo fK i JiaMeTpu He
000B’A3KOBO MEPEXPELIYIOTHCS Ha PiBHI CBOIX IIEHTPIB.
Bexrop 3minieHHs Touku ¢ikcatii BiJf IeHTpoiga BU3HA-
YaJM SK PI3HULIO X KoOpAUHAT Ha ocsx X Ta Y. Bumipro-
BaJId HOTO B CAHTHUMETPAX 1 MPEICTABISUIN SIK BiICOTOK
BiJl TIOJIOBMHH BiJIMTOBITHOTO JiaMeTpa.

[Iporpama po3paxoByBasia IJIONTY ILIAICHTAPHOTO
nucky (S) 3 heranpHOI CTOPOHH B CM? Ta MEPUMETP
(Perim) B cMm.

HupkynsapHicts aucky maneHTu (Circ) po3paxoBy-
BaJIX 32 (POpMyIIOr0:

S
Circ = 41 X ——=
Perim

YuM Ormvokde JaHUH TOKa3HUK J10 1, THM Gltbiire dop-
Ma 00’ekTa HaOIMKAETHCSA 10 KoJia. [HIMMI MOKa3HUK
— okpyriicts (Round) po3paxoByBaiu 3a (GOpMyIIOI0:

S

Round = T X M(;L:acA2

Tormry mianenTd (H) BUMiproBaiu B HAUTOBIIOMY
MICIli, BEPTUKAIBHO MPOKOIIOIOYH IUIANEHTY HACKPi3b
TOJIKOI0 200 JiepeB’ sTHOIO0 Mmannykoro. O0’ €M IIaleHTH
(V) Bu3HAuUaH, 3aHYPIOIOYH ii B MPO30pYy MipHY TOCY-
JUHY 3 PIIUHOIO.

Macy miamneHT BU3HA4YalIu MPOTATOM OJHI€l TOAHHA
micis nosoris. Ilepen 3BaXKyBaHHSIM aKypaTHO BUAALSUIH
00OJIOHKH TIT0/Ia, BiIpi3ajy MyMOBUHY Ha BiJicTaHi 1 cMm
Bix Micud Ti (ikcaii 10 miameHTapHoro Jucky. Buma-
JISUTH KPOB 3 TIOBEPXHEBHX (ETATHHUX CYIUH Ta 3TOPTKU
KpOB1 Ha MaTepHHCHKIH MTOBEPXHI.

[Ipu 3pomeHnx mianeHTax nepes NpoBeACHHIM BU-
MIpIOBaHb iX MOMIEPEAHBO 00CPEIKHO PO3IUIIIH B3IOBK
JIHIT 3POIIICHHS.

O1iHKY aIeKBaTHOCTI HUBJICHHS TIJIOIB TIPOBOIMIHN
3a 1onomoroio ¢ero-mianentapuoro inaexcy (PIII)
[20]. OcranHil po3MIsLIAOTh B SIKOCTI iHAUKATOpa (DYHK-
LIOHANBHOI e()eKTUBHOCTI TUTaleHTH [7].

CratuctuyHy 00poOKy JaHUX MPOBOIMIIH 32 JIOTIO-
Mororo mporpamu Statistica 8.0 (Statsoft Inc., CILIA).
Jiis BuOipoK 3 HOPMaJIbHUM PO3IOALIOM PE3yIbTaTH
HaBOJIWIIH SIK CepeHE + cTaHaapTHE BiaxwuieHHs (M £
0). JIoCTOBIpHICTD Pi3HUII ABOX HE3alIe)KHHX BHOIPOK
3 HOPMaJLHUM PO3MOJIIJIOM 1 OJTHAKOBOIO JUCTIEPCIEI0
OIIIHIOBAJIH IIJISIXOM JBOOIYHOTO TBOBUOIPKOBOTO t-KpH-
tepiro Student (t), IEKITBKOX TPYII — AUCIEPCIHHOTO aHa-
ni3y (ANOVA). OUiHKy CTYNEHIO B3a€EMO3B’ 3Ky MIX

HOPMAaJIbHO PO3NOJIICHUMH KIIbKICHUMU 3MIHHUMH
BUKOHYBAJIM IIUIIXOM OOUHCIIEHHS KoedinieHTa JTiHiiHOI
kopeJsiiii Pearson (r). st HEeCUMETPUYHUX BapiallitHAX
paniB BU3Ha4anu meniany (Me), Hwknii (Q,) i BepxHik
(Q,) xBaptmuti (25-i Ta 75-F NpoueHTHIi) i 1aHi HaBO-
nunm Sk Me (Q; Q,). TTopiBHAHHS 1BOX HE3aIEKHUX
TPyTI, SIKi HE BiAMOBINAIOTH HOPMATBFHOMY PO3MOAIICH-
HIO, IPOBOJIIJIH 32 JOIIOMOT'OI0 HEapaMeTPUIHOTO TeC-
Ty Kolmogorov-Smirnov.

Jis MoCniJKEeHHs BIUIUBY JEKIIbKOX HE3aJIeKHUX
3MIHHUX Ha 3aJICKHY 3MiHHY [IPOBOMIA MHOKUHHUHN Ti-
HiltHuI perpeciiinuii anami3. 3 METOIO BUSIBIICHHS MYJIb-
TUKOJIIHEAPHOCTI OI[IHIOBAJIN PiBEHb MAPHOI KOPEISIil
MIX IPEAUKTOpaMH (CHIBHUM BBaXKaJIU 3B’SI30K IIPH T
> (,7) Ta po3paxoByBaJu IUCIEPCIHHO-IHPIAMIHHNT
takrop (VIF) mis ko)xHOTO 3 HUX 32 (hOpMYIIOI0, JIe:

Rj? € xoeoirtieHT merepmiHaii 3MiHHOI j BITHOCHO
IHIINX HE3aJIEKHUX 3MIHHUX. BBaxkaeTncst, 110 3MIiHHI,
VIF-¢pakrop sxkux Ginpiwmii 3a 10, € MyIbTHKOIHEAp-
HuMH [21].

CTraTHCTUYHI TINOTE3W BBaXKAJIM JOCTOBIPHUMH TPH
KPUTHYHOMY piBHI 3Hagymocti p < 0,05.

PE3YJITATU TA IX OBTOBOPEHHS

Cepennst Maca Npu HapOPKEHHI BCIX MaTIOKIB J10-
piBaroBana 2579,1 £ 490,17 1. Cepen 135 IX /1A nBieHb
(270 mutoniB), miaLeHTH SKUX OyIM MaKpOCKOIMIYHO 00-
ctexeni, 32 (11,9%) mamoku kinacudikopani sk MI'BI,
7 (2,6%) — BI'BIL.

Cepen Bciei BuOipku cepenHi MOphoOMeTpHUHi 110-
Ka3HHUKH IUTAeHT OyIW HACTYMHUMU: Maca — 482,4 +
114,17 r (miniManbpHa — 240 1, MakcuMaiabHa — 770 1),
ToBIMHA — 2,5 £ 0,66 cM, moma moBepxHi — 210,2 £
55,66 cM2, MaxA — 19,1 £2,63 cm, MinA — 13,8 £2,48
cMm, AR — 1,5+ 0,39, V—358,5 £ 143,78 M, nepumetp —
57,6 = 6,83 cM. JlucniepciiiHuii aHasi3 He BUSBUB Pi3HHUII
SIK B CEPEIMHI Iap, Tak 1 MK rpynamMH sIK B Maci IJIaLeHT,
TaK 1 B Maci HOBOHapOIKEHUX. BusBIeHa cuilbHA Kope-
TSI MK Macoro IJIAIEHT Ta Barord HOBOHAPOIKEHHUX
B yciit koropti AX/IA agiens (r = 0,7059, p < 0,0001).
Haii6inb11 cunbHOIO BoHa Oyiia B OHOCTATEBUX KIHOUMX
nBiitHax (r= 10,7886, p < 0,0001), motiM y pi3HOCTaTeBUX
(r=10,7093, p < 0,0001), Tpoxu c1abIIOO — B OJJHOCTA-
TeBUX YosoBiunx napax (r = 0,6065, p <0,0001). ITpore
3HaYHi KOJMBAaHHSA MacH IDTALIEHT B MEXKaX IPYI 3 Mpak-
THUYHO OTHAKOBOIO MAaCOI0 IUIOIB MOXKYTh BKa3yBaTH Ha
BEJIMKY PI3HUINO B X (DYHKITIOHATbHIH aKTHBHOCTI. Tak,
Yy HOBOHAPOKCHUX 3 Macolo Tija B paiioni 2500 1, maca
mwianeHT xkoauBaiacs Big 250 r o 600 .

HducnepciiHuii aHaji3 He BUSBHUB CYTTEBOI Pi3HULII
B OUIBIIOCTI MOKA3HUKIB, IO XapaKTepU3yIOTh reoMe-
TpU4Hy (hopMy MmIaneHT, Mix pisHuME rpynamu XA
JIBi€HH Ta B cepeauHi map (Tadm. 1).
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Tabmuus 1
TeomeTpu4Hi mMapaMeTpH MJIAIEHTAPHUX TUCKIB B 32JIESKHOCTI Bil TUIY AUX0piaabHOI JiaMHioOTHYHOI ABiiTHI
Tun aBikni
Mokasnuk MIBYMHKA + XJIOMIAK MiBYMHKA + JiBYHHKA XJOMYHK + XJTOMIHK
Mz+o M=o M=o
KinabkicTs nap 68 32 35
ITopsinox HOBOHAPOZKEHUX I II I 11 I 1T
MaxA (cm) 18,6 +3,29 19,0+ 1,73 19,5+2,86 19,4 +3,19 19,3 +2,14 19,6 £2,32
MinA (cm) 13,2+245 13,7+£2.30 14,3 +2.36 14,2+234 13,8 +2,66 14,5+2,74
AR 1,8+0,53 1,4+0,27 1,4 £0,20 1,4+0,19 1,4+0,23 1,4+0,35
S (em?) 196,0 + 57,86 | 206,3 +43,46 | 221,3+57,42 | 220,2+ 67,69 | 212,4+ 57,51 | 223,8 +53,53
Perim (cm) 55,9+9,21 56,5+5,19 60,3 +6,18 58,5+6,22 58,9+ 5,89 58,8 +£5,07
Circ 0,787 £ 0,1308 | 0,804 + 0,0843 | 0,751 +0,0952 | 0,790 + 0,0932 | 0,758 £ 0,1193 | 0,802 + 0,0832
Round 0,734 +0,1353| 0,725+ 0,1239 | 0,740 + 0,1058 | 0,737 + 0,0999 | 0,713 + 0,1097 | 0,748 + 0,1506
S*Round 144,7+ 53,15 | 152,6 +48,95 | 164,6+51,95 | 162,4+52,46 | 155,0+57,87 | 170,9 63,11
S*Circ 155,5+55,03 | 167,8+46,14 | 170,0+ 58,12 | 178,8 + 73,24 | 165,3 £62,19 | 182,8+59,90
H (cm) 2,7+0,59 2,8+0,77 2,6 £0,78 2,4+0,71 2,6 £0,66 2,4 +0,64
V (M) 349,2 +£125,45| 376,5+ 84,45 | 372,7+ 157,78 | 350,7 + 129,40 |376,0 + 151,36 | 373,6 = 161,34

B pi3nux rpymnax BiAMiHHUMHU OyJY JIMILIE CHiBBiAHO-
LIEHHS BENUKOro 1 Masioro aiamerpis (p < 0,0001), nepu-
MeTp aucka (p = 0,0176) ta itoro ToBimHa (p = 0,0150).
Bara HOBOHapOIKEHHUX Ta Maca IJIAIEHT KOPeIoBaln
MPAKTUYHO 31 BCiMa MOKa3HUKAMU, 110 XapaKTePU3YIOTh
(hopmy ocTanHiIX, 32 BUKIFOUeHHAM AR. HalicuibHimmoro
Oyxa kopessiist 3 06°emoM muianeHr (r, = 0,66, p <
0,0001;r,  =0,59,p<0,0001) ra S*Circ (rS*_
=0,64;p<0,0001; rS*_, =0,62;p<0,0001).

[TnameHTH 3 MOPYHIICHOO OUPKYISIPHICTIO MalOTh
MEHIY IUIONTy. BusBieHa MO3UTHBHA KOPEIIALIs MiXK
nokasHukoMm Circ Ta miomer mianeHt (r = 0,4671,
p <0,0001).

Bce Buiie ckazaHe BKasye Ha Te, 1[0 Maca IUIAEHT
Ta MaJIIOKiB IPU HAPOJPKEH1 3aJIeXKUTh BiJ T€OMETpHU-
HO{ (hopMHU IUTAIEHTAPHOTO IUCKY. YiM BOHA Onnxue
JI0 Koja, THM Kpaile QyHKI[ioHallbHa CIIPOMOXKHICTh
IUTAIlEHTH, 110 BiAOMBAETHLCS B OIIBIIINA Maci IUIAIEHT
Ta HOBOHAPO/KCHUX.

B nomnepenHix mociipKeHHSIX HaMU mmoka3aHo [19],
IO IJIAEHTH 31 3MIIIEHOIO BT IICHTPY TOYKOO (hikcarrii

MyTOBHHH MaJIH JEII0 MEHIY MOBEpXHI0. Buspnena
cnabka HeraTMBHA KOpeJsLlis MK iX mromero Ta ACD 1
XCD (r=-0,2068, p=0,0006 Tar=-0,2471, p = 0,00004
BiAMOBiIHO), Olbi cuiabHa — Misxk ACD 1a MII (r =
-0,4284, p < 0,0001). Maca mipu HapOIXKEeH1 CHIIbHIIIIE
3BOPOTHO KOpEroBaia 3 a0COMOTHUM 3MIIICHHAM BiJ
neHTpy micus ¢ikcanii (r = -0,6115, p < 0,0001). Bsa-
KAEMO, IO OCTAHHE 3yMOBJICHE MOTIPIISHHIM (YHKITi-
OHAJIBHOI 34aTHOCTI IUIALEHT [0 3a0€e3[IEYEHHIO TUIONIB
MOXKMBHUMM PEYOBHHAMH Ta KHUCHEM. 3HAYHO O1IbIIn
BYKJIMBUM BHIIIANIA€ 3MIIICHHS TOYKH (ikcarii myrmo-
BHHHU JI0 TUTAIIEHTH B370BX ii O11b101 oci (rXCD- I
-0,7131, p < 0,0001) nopiBHAHO 3 MEepeMilLIEHHIM BiJl-
HOCHO KOpOTKoi oci aucky (rYCD- |~ =-0,2981, p <
0,0001).

Amnani3 guaamiky 3MiH OIII B 3amexHOCTI Bij rec-
TalifHOTO BIKy AEMOHCTpY€ HOro 301JbIIEHHS B yCiX
rpynax JAXJIA nBiens. [lopisasaas @Il npu pizaEX
BapianTax JIX/IA BariTHOCTI He BUSBUIIO CTATHCTUYHOT
3HAYYIIOCTI PI3HHUII MK ITEPIIUM Ta JPYTUM TUIOJIOM B
KOXHIi rpymi (Tabm. 2).

Ta6muris 2
®eto-nnanentapumii ingexe IX/1A nBiens
Tunu aBieHL oI
T main I nuin P

Cratb n Mz+o Mz+o
JiBYMHKAHIIBUNHKA 32 5,4+1,02 5,1+£0,93 0,2437
XJIOIMYUK+XJIOIYMK 35 5,6+1,16 5,5+1,37 0,8243
JIBYMHKA+XJIOMUMK 68 5,6+1,25 5,6+1,05 0,9722

Bcroro 135 5,5+1,17 5,4+1,12 0,5249
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Hucnepciitnuit ananiz He BusBuB pizHuLi I npu
pizuux Bapiantax JIXJIA nBiens (p = 0,1386), a Takox
MiX TUTOJITAMH, Maca SIKUX BiJIMOBIa€ reCTallitHOMY BiKY
ta MI'BII i BI'BII (p = 0,6548). B Toii >xe 4ac 3Haii-
JICHUH CIIaOKUH 3BOPOTHIN KOPEISIIIHHINA 3B’ 130K MiK
OIII Ta GiMBIIICTIO TApaMETPIB, AKI XapaKTePHU3YIOTh
FeOMETPUYHY (POpMY TUTAIICHTAPHOTO JIUCKY Ta MicIie
(ikcarii mynoBuHU sk y Beiel rpymnu JIXIA nBieHb, TaK
1y pi3HOCTaTEeBUX Tap.

Pi3Hi noka3HUKH 3pOCTAHHS IUIALIEHT MalOTh HEO-
JHAKOBUU, a, 4aCTO, HABITh MPOTHJICKHUY BIUIMB Ha
Macy AiTel mpu HapoIKeHi. ToMy BBaKaeMO JOIiJIb-
HUM BUBYHUTHU OJHOYACHUHN BIIUB Pi3HUX (haKTOPiB
Ha Macy HOBOHApO)KCHUX 1 BUSABUTH Ti, [0 MAIOTh
Haiibinpme 3HadueHH. [Ipu popMyBaHHI MHOXHUH-
Hoi NiHifHOI perpeciiiHoi Moaeni, iKa JO3BOJIUTH
nepeadayuTH Macy JUTUHH IPU HAPOJKEHI B yCii
rpyni IXJ/IA nBieHb, CriOYaTKy OyJnH BKIIOUEHI BCi
(hakTopwu, Ki MOTEHIIHHO MOTJIK O BIUIMBATH Ha IEei
MOKa3HUK: Maca IUIAIleHTH, i1 MaKCUMaIbHUHN Ta Mi-
HIMaJbHHH JiaMeTpH, TOBIINHA, 00’ €M, IEPUMETP,
S*Circ, S¥Round, ACD, XCD Ta YCD. Ouinka ko-
pensaniiHOl MaTpHUIli BUSBUJIA HASBHICTH JTOCTATHHO
cuIbHOI Kopessuii (r > 0,7) Mk 1eIKUMH 3MIHHUMHU.

[ToeTamHo 3 map 3 BUCOKOK KOPENISLI€I0 BUIAISIIN
1o OAHIW 3MiHHIN 3 MeHIIUM KoedinieHToM Beta,
MOYMHAKOYM 3 HAWOUIbI CHIBHUX 3B’ 3KiB. [ToTimM
TaKOX MOETAMMHO BUKJIIOUWIN HE3aJeKHI 3MiHHI 3
MaKCUMaJIbHUM CTaTHCTUYHO HE JOCTOBIPHHUM 3Ha-
qeHHsM p. Lle 1o3BonMI0 BU3HAUNTH (paKkTOPH, IO
MaloTh TOCTOBIPHHH BIJIMB Ha 3aJeXHY 3MiHHY —
Macy IMTHHHU IPU HapokeHi (Tadi. 3).

3rigHOo AaHuX Tabmumi 3, perpeciiina Moaeb s
Bci€ei rpynu JIXJ[A nBi€eHb Ma€ BUDIIST: Maca Py HApOJ-
xeHi = 22423 + 0,8*MII + V — 10,0* XCD

3 METOI0 MEePEBiPKU SIKOCTI MiATOHKU PIBHSHHSA pe-
rpecii, IpoBeCHUH aHai3 3aIuIKiB. ['icTorpama po3mo-
JTy 3QJIMIIKIB HAOIIKAE€ThCS 10 Tpadika HOpMAIBHOTO
po3nominy (puc. 2).

Hopmansnuii fiMoBipHiCHHH Tpadik 3aIHIIKIB HE
BHSIBIISIE CHCTEMATHYHHX BiIXWJICHb OTPHMAaHUX JaHUX
BiJl TEOPETUYHOT HOPMAIBHOT MPAMOi (puc. 3).

Jliarpama po3CisiHHSI ICMOHCTPY€ XaOTHYHE PO3Tallly-
BaHHSI 3JTUIIKIB, 1[0 O3HAYAE BIJCYTHICTD 1X 3aJIC)KHOCTI
BiJI Hiepei0aYeHUX 3HaYCHb (pHC. 4).

Po3paxyHnok VIF-¢pakTopy st KOXKHOTO 3 MIPEAUKTO-
PiB IPOAEMOHCTPYBAB BiJICYTHICTb JIiHIIHOT 3aJ1€XKHOCTI
MiX HUMHU (Tab. 4).

Tabmuis 3

fI)aKTopn, o0 CTATUCTUYHO IIOCTOBipHO BIININBAIOTb HA MAaCy HOBOHAPOIKCHHUX 3 zmxopianb}mx JNiaMHIOTMYHHUX JBi€Hb

70

IMixcymox i 3a71€5KH0I 3MiHHOI: Maca HOBOHAPOIKEHOI0
R = 0,8368, R? = 0,7002, ckopurosane R” = 0,6968
N =270 F (3,266) = 207,05 p < 0,0001, cranzapTHa noxuoka: 269,91
CrangapTHa CrangapTHa
Bl noxuodka Beta E noxudka B () p
Koncranra - - 22423 107,20 20,9 <0,0001
MIT 0,1968 0,04362 0,8 0,19 4,5 <0,0001
v 0,2601 0,04456 1,0 0,17 5,8 <0,0001
XCD -0,5298 0,04121 -10,0 0,78 -12,9 <0,0001
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Ta6mus 4

JocainzkeHHss HaABHOCTI JiHITHOT0 3B’ A3KY MK
He3aJ1eXKHUMM 3MiHHHMU B AucnepciiiHii momei

He3zanexna 3miHHa R? VIF
MII 0,4075 1,7
v 0,4323 1,8
XCD 0,3362 1,5

AHanoriuyHi o0YuCIeHHs MPOBeAeH] ISl BCIX TPy
AXJA nBiens. Ouinka IpUHHATHOCTI MOJIENEH B LILIOMY
(ANOVA, p < 0,05) moka3zana ix NpuAHATHICTb, 1 110
BOHU OyIlyTh Kpallie Iiepe10adyBaTi pe3yJisTart, OpiBHS-
HO 3 ITPOTHO30M 3a CepeHIMH 3HaueHHAMH. Perpeciiini

Mozeni aist pizHux BapiantiB JIX/IA aBieHb MarOTh 10-
CTaTHbO BHCOKI KoedilieHTn nerepminanii — Big R2 =
0,6727 y niBuat 3 pizHOCTareBuX map 10 R2 =0,8469 y
OJTHOCTATEBHX Map kiHouoi cTari (Tadm. 5). Lle o3Hauae,
110 3aIPOTIOHOBAH] MOZIET1 BPaxoByIOTh 67-85% akTo-
PiB, BiJI IKHX 3aJICKUTh Maca HOBOHAPOIKCHHUX.
[epeBipka 3anuIIKiB HE BUSBMIIA JIIHIHHOTO 3B’SI3KY
MIK HE3AJIEKHUMU 3MIHHMMH, BKJIFOUEHUMU 10 MOJEIIEH,
OCKITbKH KOoe(illi€HTH MapHOi KOPEJIAIiT MiXk HUMH OyIIH
mermmME 3a 0,7, a VIF < 10. Ile no3BoiIss€ BUKITIOUHUTH
HaSABHICTh MYJIBTUKOJIIHEAPHOCTI 1 MiABHIIY€E JOCTOBIp-
HICTH MofieTIel. AHaII3 3aJTUIIKIB IPOJEMOHCTPYBAaB iX
Xa0THYHE PO3TALIYBaHH 1 HE BUSBUB CHCTEMATHYHUX
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Tabmuis 5

MHuo:xuHHI perpeciiini MoaeJii 3a/1e5KHOCTi MACH HOBOHAPOI:KEHHUX Bii MOpGOMETPUUHNX MOKAZHUKIB iX MJIaleHT
Jis pisHux BapiantiB JIXJIA nBieHb

I'pynu quxopiajJbHUX JiaMHIOTHYHHX n Perpeciiine piBHAHHS

JIBi€Hb MAJIOKIB 3aJieskHa 3MiHHA: Maca HOBOHAPOI:KEHOT0 R2
Beci niitni 270 22423 +0,8*MII + V - 10,0* XCD 0,7002
PisHocrareBi aBiliHI 136 2029,9 + 0,6*MII + 2,0*V — 7,4* XCD - 2,2*YCD 0,6913
JliBuara 3 pi3HOCTATEBHX JBi€Hb 68 1158,2 + 1,4*MII + 2,0*V — 4,6*XCD 0,6727
XJTOMYUKH 3 PI3HOCTATEBHX JIBI€HD 68 2857,9 + 1,3*V - 11,7*XCD - 5,2*YCD 0,7943
OpHocTareBi ABiiHI 134 2777,6 + MIT - 12,4*XCD - 4,1*YCD 0,8064
JliBuaTa 3 OZIHOCTATEBUX JBI€HD 64 1711,4 + 0,9*MII + 1195,2*Circ — 12,0*XCD 0,8463
XIIOIMYMKY 3 OMHOCTATEBUX IBIEHD 70 2963,9 + 0,7*V — 12,1*XCD - 3,2*YCD 0,7571

BiZIXWJICHb OTPUMAHUX JITAHUX BiJI TEOPETUYHOI HOpMAITh-
HOI IIPSAMOI.

AHaJi3 OTpUMaHHUX PETPECIHHUX PIBHSIHB MOKA3YE,
0, KpiM TPyIH Pi3HOCTATEBUX JABI€HB, TPH MOKA3HU-
KM BILNTMBAIOTh HA Macy HOBOHapokeHoro. HaiGins-
11y cTabUIbHICTh IPOJAEMOHCTPYBAB 3allPOIIOHOBAHUH
Hamu nokasHuK — XCD. BiH npucyTHi# B yciX piBHSH-
Hsx. CHIbHA HETaTHBHA KOPEIIis MK HUM 1 Macoro
HOBoHapokeHux (r = -0,7131, p < 0,0001) Bkazye Ha
Te, 10 YUM Jalli B3MOBXK MaKCHMAJIBHOI OCi IUIAIlCHTH
3HAXOAUThCA TOUKa (hikcallil MyNOBUHU, THM MEHIIIO0
Oyne maca miona. He 3Baxkaroun Ha 3HaYHO cladKimry
KOPEJISIIiI0 MIXK 3MIIIIEHHSM TOYKH BPOCTAHHS ITyTIOBUHH
B3II0BXK MiHiMabHOT oci (YCD) Ta Macoro HOBOHapoO.I-
xenux (r =-0,2981, p < 0,0001), B 9oTHPHOX Tpymax
(Bci pi3HOCTATEBI Ta OAHOCTATEBI JBiiiHI, XJIOMIII 3 Pi3-
HOCTATEeBUX IBIEHBL Ta OJHOCTATEBI ABIHHI YOJIOBIUOI
CTaTi) BiH TeX MPOJCMOHCTPYBaB CBOIO HETaTHBHY 3Ha-
gynricte. [IpaBa, Horo koedimieHTH NPUOIU3HO BABIY1
Oy menmmmMH, Hix y XCD. IlinTBepmkye pesyibra-
TH KOPEJIALitHOro aHami3y JOCTOBIpHUN MO3UTHUBHUMI
BIUTMB MacH IUTaleHTH a00 ii 00’ eMy Ha OUiKyBaHY Macy
HOBOHapoKeHoTo. Lli He3anexHi 3MiHHI BUSBUIIHCS
3HAUYIIMMH B YCiX rpynax. Baxusuii BIJIHB reoMeTpii
TUTALIEHTAPHOTO IMCKY HA Macy JUTHHU TPU HAPOKEHI
MepeayciM JIiBYaT MpOoAEMOHCTpYBaja HasIBHICT KOe-
¢inienty Circ B perpeciiHoMy piBHSHHI I AiBYAaT 3
OJTHOCTATEBOI IPYIIH.

Pi3Hi mapameTpu, sSiKi XapaKTepH3yIOTh PO3MIpH Ta
(dopMy IITalleHTH, TaKi 10 BUBYAIOTHCS PYTHHHO Ta 3a-
MPONIOHOBAHI HAMU, BKA3yFOTh Ha Pi3HI aCTICKTH (QYHKIIT
IUTanent. Tak, rroma moBepXHi IUIAICHTAPHOTO JAUCKY,
nmapaMeTpH, M0 XapaKTepHU3ylTh HOro reoMeTpUUHy
(hopmy, BIiTOOPaXKYIOTh 3AATHICTh TUTAIIEHTH JIO €KCIIaH-
ciii meBHOI TepuTopii. ToBIIa MIALIEHTH € HENPAMHUM
MapKepOM KiTbKOCTI BiIbO3HUX PO3TATyXKEHb Ta IO
00MiHy MO)XMBHUMH PEIOBHHAMH.

[InarienTn pocTyTh MBHIIIE IUTOAIB. ToMy Ha paHHIX
TepMiHaX BariTHOCTI MEpIIi BaXx4i OCcTaHHIX. B npyromy
TPUMECTPI 30UIBITY€ETHCS MBUIKICTH 3pOCTAaHHS OJTU3-
HIOKIB, 1110 MPUTHIYYE picT miaaneHT. [licnsa 20 TixHS
Maca IDTaleHTH CTAHOBHUTH IPUOIU3HO MMOJIOBUHY Macu

mwiona. [ToctynoBo us pizHuis 3poctae. Bigomo, mo
miciist 31 THKHS recTarii eno ralbMy€eThCs IMBUAKICTD
301IbIIIEHHS MJIAIICHTH, a IIBHJIKICTh POCTY ILTOJIB 30e-
piraetbes [22]. B octanHi THXHI 301BIIEHHAS IBOTO
MMOKa3HUKA 3yMOBJICHE YIIOBIIBHEHHSM POCTY IUIAIICHT.

Sx BumHO 13 pesynbraris, OIII y IXJIA nBieHs 00-
CTEXKEHOI TPYITH CYTTEBO HE BIJPI3HABCS BiJl 3HAWJICHUX
y JiTeparypi 3HaYeHb JUIsI OJHOTUTIIHUX BariTHOCTEH,
110 KOJMBAIOThCS y Mexax 5,2-5,7 [23]. Many indop-
MaTHBHICTh npoaemMoHcTpyBaB OIII npu BUsBIEHH]
AMTTII, ockinbku BincyTHs AocToBipHa pizHUIS DIII
mix I Ta Il mogamMu MpakTHYHO B YCiX AUCKOPAAHTHHUX
TaK KOHKOPJAHTHHX Tapax, a TaKoXX MiX 3araJlbHUM
OIII nuckopJaHTHOI Ta KOHKOPJAAHTHOI rpyI. Jluie B
JTUCKOPAAHTHUX JXKIHOUMX ojHOcTareBux mapax OIII
MePIIOTO TUIO/IA MIEPEBUIIYBAB BiIMIOBIIHHIA TTOKa3HUK
JpyToi JIBUNHKH.

BUCHOBKHA

1. B nuxopianbHUX mapax Maca IDIaleHT Majla CHIb-
HY TIO3UTHBHY KOPEJISLI0 3 MACOI0 HOBOHAPOIKEHUX (I
=0,71, p<0,0001). PisHOCTaTEBI Mapu 3aMaTd IPOMIXK-
HE MOJIOKEHHS MXK OJJHOCTATCBUMHU MapaMH >KiHOYOT Ta
YOJIOBIYOi CTaTi.

2. Maca mianeHT Ta Bara HOBOHapOIKEHUX 3HAXO-
JSThCA B JOCTaTHBO CHIIBHOMY NIPSIMOMY 3B’SI3KY 3 00°€-
MoM mianeHty (rV_m-aut = 0,66, p <0,0001; rV_m-mn
=0,59, p <0,0001) ta S*Circ (rS*Circ_m-nut = 0,64; p
<0,0001; rS*Circ_m-tu1 = 0,62; p < 0,0001). Yum Ommx-
4ye GopMa IUIACHTH J0 KoJlia, THUM i1 QpyHKIloHaTbHA
CIIPOMOJKHICTh BHIIIE.

3. IoripnieHHs GyHKITIOHATBHOT 31aTHOCTI IJIAIICHT
MOXe OyTH TIOB’sI3aHe 3 (PIKCAIIEFO TYTIOBUHHU JIAIEKO BiJl
LHEHTPY IUTAlEHTapHOTO MUCKY. CHIBHIMINHA BILUTHB Ma€e
3MiLEeHHA B3J0BXK O1nb1oi oci (r=-0,7131, p <0,0001)
MOPIBHSHO 3 MEPEMILLIEHHSIM BITHOCHO KOPOTKOI Oci (1 =
-0,2981, p < 0,0001).

4. MHOXHMHHUH perpeciiiHuil aHami3 moka3as, 110
KpiM IpyNIH pi3HOCTATEBUX JABi€Hb, TPU MOKA3HUKHU
BIUIMBAIOTh HA Macy HOBOHApOJKeHOTo. B ycix rpymax
CTAaTUCTUYHY 3HAYYIIICTh MPOASMOHCTPYBAIN CTYIIIHb
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3MIIIEHHS TOUKH (hiKcallii MymOBUHHU B310BXK MaKCHU-
MaJIbHOTO JiaMeTpy IUIaleHTH Ta Maca abo 00’eM oc-
TaHHBOI. Y Pi3HOCTATEBUX Map 3HAUYIIUMHU OyIH YOTHPH
MPEIUKTOpH: Maca, 00’ €M IJIAIeHT Ta CTYMiHb BiIXU-
JICHHS B1JI IIGHTPO1a TOUKH (ikcarii B31oBxK 000X OCEH.
3anpornoHoBaHi MOJEIN IEMOHCTPYIOTh, mo 67-85%
BapiabenbHOCTI Bary ipy HapomkeHi JIXJ[A Onu3HIOKIB
Moxe OyTH HOSICHEHO TphOMa a0 YOTHpMa IIPOCTUMHU
BUMIPIOBaHHSAMH iX IUTAIICHT.

®dinancyBanHs. J[aHe qoChiKeHHS HE OTPUMAIIO
30BHIIIHBOTO (hiHAHCYBaHHS

KongaikTis iHnTepeciB HeMae
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3B’A30K NMOKASHUKIB POCTY MNALEHT 3 MACOIO OITEV NPV HAPOLDKEHI B ANXOPIASTbHIAX
OIAMHIOTUYHNX OBINHAX

CBSI3b [IOKA3ATEJIEM POCTA IVIAIIEHT C MACCOM IIETEUI?'I IIPU POXKIAEHUU B TUXOPUAJIBHUX
JANAMHUOTUYHHUX IBOUHAX

Tennasa U.B.
Hayuonanvnvui ynusepcumem 30pasooxpanenus Yxpaunol umenu I1J1. Lllynuka, Kues, Yxpauna

iryna.tepla@ukr.net

AKTyaJbHOCTBh. OHUM U3 OCHOBHBIX TIOKa3aresieil BHyTPHyTPOOHOTO pa3BUTHUs peOeHKa ABISETCA ero Macca npu poxkaenun. Co-
CTOSHHE TUTALICHT OTpa’kaeT BIHMSIHIE MaTePUHCKON Cpelbl Ha IO/, BaXHO BEIICHHUTBH, KaKMe MapaMeTphl POCTa IUIAIEHT JJOCTOBEPHO
BIIMSIFOT HA MacCy TUXOpHaIbHBIX quaMHuoTHdeckux (JAXJIA) nBoeH.

Iesnb: rccnenoBaTh CBA3b MEX/Y POCTOM IUTAIEHTHI M MacCOi MPH POXKACHUH AUXOPHUATBHBIX IUAMHHOTHYECKHUX IBOCH.

Marepuainst u Metonsl. Ha npotsikenun 2016-2020 ronoB ob6cnenoano 135 map AX/IA Gnu3HENoB: pa3HOMONBIX 68, OTHOMOIBIX
JKEHCKOT0 Tona — 32 ¥ Myckoro moia — 35. I'ectaunonHsIi Bo3pacT konebdasncs ot 29 1o 39,5 nenens, B cpenHeM coctaBmi 36,4 + 1,74
Heneny. ONeHnBaNy BIMSHIE Ha MAcCy IIPU POXKACHUN MAaKCHUMAJIbHOTO U MUHAMAJIBHOTO JHAMETPOB IUIALCHT, IEpUMETpa, IO N,
uupkymsipaoctr (Circe), okpyrnoctH, TomuuHbl, Maccsl (MIT), oobema (V), cMeneHus TodkH GpUKCALMN YTOYHOTO KaHATHKA OT LIEHTpa
IIICKa BIOJB ero MakcuMmansHOH (XCD) n MuanMansHO# ocu (YCD).

Pesyabrarsl. Brisisiena cunbHas koppessinyst Mexay MIT n Becom HoBopokieHHBIX BO Beeit koropre XA nBoen (r = 0,7059,
p < 0,0001). Camotii cunpHO# OHa ObUIA y OHOMONBIX AeBHYbHX Hap (r = 0,7886, p < 0,0001), motom y pasznomonsix (r = 0,7093, p <
0,0001), Heckombko Ooiee craboi — y oqHOMONBIX MykcKkuX nap (r = 0,6065, p < 0,0001). Bec nHoBopoxknernsix 1 MI1 koppenuposamm
IIPAKTUYCCKHU CO BCEMH [10KA3aTEISIMK, Xapakrepusyromumu popmy mianent. Hanbounee cnibHol Obuia koppensuust ¢ V (r, = 0,66,
p<0,0001;r, =0,59,p<0,0001)n momansio* Circ (rS* I 0,64; p<0,0001;rS* .~ =0,62;p<0,0001). MHOXeCTBEHHBIH
PErpecCHOHHBIN aHAM3 BIMSHUS Pa3HbIX MOP()OMETPUUECKHX MOKa3aTeNel IIIaleHT Ha MacCy HOBOPOXKICHHBIX IIPOJIEMOHCTPHUPOBAI
CTaTUCTUYECKYIO 3HAYMMOCTD ciieayrontux mapamerpos: XCD, MIL, V, YCD u Circ. Perpeccuonnas monens i Beeit rpynmsl JIX/1A:
Macca npu poxaeHun = 22423 + 0,8*MII + V — 10,0* XCD (R2 = 0,7002). Ananoruusbie (GOpMyIIbI ITOTYUSHBI ISl Pa3HBIX O TOITY
BapuaHToB JIXJIA nBoeH. OHU yunTHIBaIOT 67-85% (hakTOPOB, CBS3aHHBIX C IUTALIEHTAMHU, OT KOTOPBIX 3aBUCHT Macca HOBOPO)KIECHHBIX.

BeiBoabl. B JIX/IA mapax macca IutaeHT UMeNa CHIBHYIO TOJIOKUTENIBHYIO KOPPEILIIUIO ¢ Maccoil HOBOpoXkAeHHBIX. Oba 1moka-
3aTessl HaXOAATCsI B IOCTaTOYHO CHIIBHOU TpsiMoi cBsizu ¢ V u miomaasro*Circ. Yem Gmike popma ruialeHTsl HAmOMUAHACT KPYT, TeM
BBIIIE €€ (PyHKIIMOHAIBHAS CIIOCOOHOCTD. YXyAIICHNE OCIeTHEH MOXKET OBITh CBA3aHO ¢ (PHKCAlUel ITyMOBUHBI JaJIeKO OT EHTpa ITa-
LIEHTAapHOr0 AucKa. bosee cunbHoe BiusiHUE UMeeT cMelleHue Broiab XCD no cpaBHenuto ¢ YCD. MHoXeCTBEHHBII perpecCuOHHbII
aHaJU3 MTOKAa3aJjl, YTO Y BCEX IPYIII JBOCH CTATUCTUYECKYIO 3HAYMMOCTh npoxeMoHcTpupoBaii XCD u MIT nnn V nocnenuneid. [Ipeamo-
JKEHHBIE MOJIEIIH TIOKa3bIBAIOT, 4TO 67-85% M3MeHUNBOCTH Beca IpH pokaeHnH [IX/IA GIu3HEI0B MOKET OBITh OOBSICHEHO TPEMsI YIIH
YETBIPHMS IPOCTHIMHU U3MEPEHUSIMHU UX TUTALIEHT.

KuroueBblie ciioBa: 1uxopuaiabHbIe THAMHHOTHYECKHE JBOMHHI, MHOKECTBEHHBIH PETrpeCCHOHHBIN aHaIN3, MOp(oMeTpHIecKoe Hc-
CJIeJOBaHUE IUIALICHT, Macca peOeHKa MpH POKACHHN.

THE RELATIONSHIP BETWEEN PLACENTAL GROWTH RATES AND THE BIRTH WEIGHT
IN DICHORIONIC DIAMNIOTIC TWINS

Tepla L.V,
Shupyk National Healthcare University of Ukraine, Kyiv, Ukraine
iryna.tepla@ukr.net

Relevance. Birth weight is one of the main indicators of intrauterine fetal development. The condition of the placenta reflects the
influence of the maternal environment on the fetus. It is important to find out which placental growth parameters significantly affect the
mass of dichorionic diamniotic (DHDA) twins.

Objective: to investigate the relationship between indicators of placental growth and birth weight of dichorionic diamniotic twins.

Materials and methods. One hundred thirty-five DCDA twin pairs were studied during 2016-2020: 68 pairs were opposite-sex, 32
— same-sex females and 35 — same-sex males. The gestational age ranged from 29 to 39.5 weeks, averaging 36,4 = V1,74 weeks. The
influence of such parameters as maximum and minimum placental diameters, as well as perimeter, area, circularity (Circ), roundness,
thickness, mass (PM), volume (V), displacement of the umbilical cord insertion site from the placental disc centre along its maximum
(XCD) and the minimum axis (YCD).

Results. A strong positive correlation was found between PM and birth weight in the whole cohort of DCDA twins (r = 0.7059, p <
0.0001). It was strongest in the same-sex female group (r = 0.7886, p < 0.0001), then in the opposite-sex pairs (r = 0.7093, p < 0.0001),
slightly weaker — in the same-sex male couples (r = 0.6065, p < 0.0001). The birth weight and PM correlated with almost all indicators
that characterize the placental shape. The strongest correlation was with V (r,, ,, = 0.66, p < 0.0001; r, , = 0.59, p < 0.0001) and the
area*Circ (rS* ;... = 0.64; p <0.0001; rS*, . =0.62; p <0.0001). The multiple regression analysis of the effect of different morpho-
metric parameters of the placentas on the birth weight has demonstrated the statistical significance of the following parameters: XCD,
PM, V, YCD and Circ. The general regression model for the whole DCDA group: birth weight =2242,3 + 0,8*MII + V — 10,0* XCD (R2
=0,7002). Similar equations were calculated for different types of DCDA tweens. Thus, morphometric measures account for the 67-85%
variances of the birth weight of the DCDA tweens.

Conclusion. In the DCDA pairs, placental mass strongly positively correlated with birth weight. Both indicators are in strong rela-
tionship with V and their area*Circ. The closer the placental shape is to the circle, the higher its functional ability. Deterioration of the
latter may be due to the far fixation of the umbilical cord from the center of the placental disc. The displacement along the maximum axis
has a stronger impact comparing to the displacement relative to the minimum axis. The multiple regression analysis has revealed that
statistical significance had XCD and PM or V in the whole types of twins. Proposed models demonstrate that 67-85% of the variability
of birth weight may be accounted for by the three or four simple placental measures

Keywords: dichorionic diamniotic twins, multiple regression analysis, placental morphometric investigation, birth weight.
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Relevance.One of the promising methods of treatment of patients with burns is the local use of sorption agents with antimicrobial
properties.

Objective: experimental study of antimicrobial properties and clinical evaluation of the effectiveness of local use of a new sorption
composition based on nanosilica in the complex treatment of patients with burns.

Materials and methods. The suggested sorption nanocomposition included highly dispersed silicon dioxide, polymethylsiloxane,
decamethoxine, metronidazole.

The experimental study involved the study of the antimicrobial properties of the sorption nanocomposition and antimicrobial agents
which are part of it.

The clinical material consisted of the results of examination of 42 patients with Ilab-III degree burns with an area of 10-30% of the
body surface. Depending on the tactics of local treatment, patients were divided into 2 groups: after early necrectomy, xenodermoplasty,
the wound surface of the patients in the main group (n = 20) was treated with a solution of decamethoxine in combination with the same
sorption powder. Treatment in the comparison group (n = 22) was similar except the use of sorption drugs. The examination included
visual inspection of the injured area in combination with microbiological monitoring of the wound contents on the 3rd,7th,14th day.

Results. The obtained results confirmed the sufficient antimicrobial potential of the studied sorption nanocomposition, the properties
of which are not inferior to the existing antiseptics for museum and clinical strains of microorganisms and fungi.

Signs of a more favorable wound healing process of the patients in the main group were observed: faster wound cleaning, less in-
flammatory reactions and much shorter preparation of wounds for grafting.

Conclusions. The obtained results convincingly indicate the effectiveness of a multicomponent composite based on nanosilica with

antimicrobial components in a comprehensive treatment of patients with burns.
Key words: burns, wound healing process, infection, antiseptics, sorbents.

Relevance. Despite significant progress in the develop-
ment of new technologies for the treatment of patients with
thermal injuries, many problems of medical assistance
remain far from being solved [1, 2]. An important prereq-
uisite for their improvement was the significant achieve-
ments of scientists all over the world in understanding
some pathogenetic features of the processes initiated by
traumatic burn agents. In particular, the occurrence of
burns as a response of the body to severe burns resulting
in irritation, damage and death of numerous skin receptors
followed by changes in the vital functions of all internal
organs, systems, as well as metabolic disorders [3, 4]. One
of the main etiological elements of the process develop-
ment is numerous specific and nonspecific toxins, includ-

ing those of microbial origin, which come from areas of
necrotic tissue [5, 6]. Hence, the local use of sorption
agents in combination with antimicrobial substances is
an important element of comprehensive treatment. Such
agents include sorption hydrophilic/hydrophobic nano-
composition based on silica with the addition of antimicro-
bial drugs decamethoxine and metronidazole, information
on the use of which in patients with burns is almost absent
in the available literature.

The objective of this research was an experimental study
of antimicrobial properties and clinical evaluation of the
effectiveness of local use of a new sorption composition
based on nanosilica in the complex treatment of patients
with burns.
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CLINICAL AND MICROBIOLOGICAL SUBSTANTIATION OF TOPICAL APPLICATION OF SORPTION HYDROPHILIC/
HYDROPHOBIC COMPOSITION BASED ON NANOSILICA IN THE TREATMENT OF PATIENTS WITH BURNS

MATERIALS AND METHODS

The suggested sorption agent included hydrophilic
highly dispersed silicon dioxide, hydrophobic polymeth-
ylsiloxane, a two quaternary ammonium compound —
decamethoxine, a synthetic (5-nitroimidazole derivative)
antiprotozoal antibacterial agent — metronidazole — in an
appropriate proportion of masses without violating the
limits of their safe therapeutic concentrations. The com-
position was prepared according to the original method,
which involves mechanochemical immobilization of
decamethoxin on the polymethylsiloxane surface and
metronidazole on the silicon dioxide surface respectively.
Subsequently, the obtained intermediates were mixed
with highly dispersed silicon dioxide in a certain propor-
tion. The ratio between the hydrophilic and hydrophobic
component can be changed depending on the severity of
the exudative process in the wound. The composition
content and manufacturing method are protected by the
corresponding patents (USA Patent US 10,226,425 B2).

Microbiological screening of the antimicrobial effi-
cacy in vitro of the suggested hydrophilic hydrophobic
composite and antimicrobial agents decamethoxine, met-
ronidazole, which are part of it as a comparison, was per-
formed prior to the clinical study. Museum test strains of
gram-positive microorganisms Staphylococcus aureus
ATCC 25923, gram-negative representatives of Esche-
richia coli ATCC 25922, Pseudomonas aeruginosa ATCC
27853, Proteus vulgaris ATCC 4636 were used for the
study. Additionally, clinical isolates of pathogens of puru-
lent inflammatory complications Staphylococcus aureus (n
= 35), Escherichia coli (n = 26), Pseudomonas aeruginosa
(n = 20), Candida albicans (n = 16), Proteus vulgaris (n
= 10), Bacteroides fragilis (n = 8), Peptostreptococcus
anaerobius (n = 8), Bacillus subtilis (n = 7) were studied.
All the cultures of clinical strains of microorganisms were
endowed with typical species, morphological, tinctorial,
cultural and biochemical properties. The antimicrobial
properties of composite and antimicrobial comparison
agents were investigated using a standard agar diffusion
method. To approximate the conditions for studying the
antimicrobial activity of antimicrobial agents to the condi-
tions of the wound surface, nutrient media were inoculated
with suspension of daily cultures of microorganisms in the
amount of 1 x 108 CFU/ml. Evaluation of antimicrobial
activity was determined by growth retardation zone around
the wells (mm) 24 hours after culturing microorganisms
(t =37 °C). Cultivation of microorganisms Bacteroides
fragilis, Peptostreptococcus anaerobius, Bacillus subtilis
was performed under anaerobic conditions [7, §].

Evaluation of the results of microbiological research
by agar diffusion method was performed according to the
degree of growth retardation in the area of application
of researched composition. The following criteria were
used: absence of growth retardation zones of microorgan-
isms around the well, a delay of up to 10 mm indicated

the lack of sensitivity of the microorganism to the tested
drug; the growth retardation zone with a diameter of 10-
15 mm indicated a low sensitivity of the culture to the
studied concentration of antibacterial substance; growth
retardation zone with a diameter of 15-25 mm was re-
garded as an indicator of sensitivity of the microorganism
to the studied drug substance; growth retardation zone
of more than 25 mm testified to high sensitivity of the
microorganism to the studied drugs.

The clinical material consisted of the results of exam-
ination of 42 patients with Ilab-III degree flame burns,
injury area 10-30% of the body surface, who were treated
at the Clinical Center for Thermal Injury and Plastic Sur-
gery of the Municipal Non-profit Enterprise «Vinnytsya
Regional Clinical Hospital Vinnytsya Regional Coun-
cil» in 2018-2020. All patients underwent complex in-
fusion-transfusion, antibacterial, symptomatic treatment,
dressing changes with antimicrobials, wound dressings,
which were combined with active surgical tactics: early
removal of necrotic tissues on the 2nd — 3rd day after
the injury, temporary closure of postoperative wounds
with application of xenodermoplasty (LLC «Institute
of Biomedical Technologies», Ternopil, Ukraine) and
further restoration of skin integrity with free perforat-
ed autodermografts. Depending on the tactics of local
drug treatment, patients were divided into 2 groups: the
wound surface of the patients in the main group (n = 20;
average age 48.11 + 13.92 years) after early necrectomy,
xenodermoplasty while preparing wounds for skin graft-
ing was treated by 0.02 % solution of decamethoxine,
evenly applied sorption powder and covered with a gauze
bandage, impregnated with the same antiseptic. Local
treatment of patients in the comparison group (n = 22;
average age 48.74 £ 14.29 years) was similar except the
use of sorption drugs.

Control over the wound process course involved vi-
sual inspection of the injured area with microbiological
identification of the pathogen and its semiquantitative
analysis on the 3rd, 7th, 14th day from the moment of
injury to treatment with antiseptic in compliance with the
rules of asepsis. The wounds were cleaned of purulent
necrotic secretions with a sterile gauze napkin. The mate-
rial was taken with a cotton swab and then transported in
a sterile test tube with Amies medium to a bacteriological
laboratory for 2 hours. Inoculation on a nutrient medium
and evaluation of the results were performed according
to the original method developed on the Department of
Microbiology of the Shupyk National Medical Academy
of Postgraduate Education [9]. The results were identi-
fied by a set of morphological, cultural and biochemical
characteristics.

Collection of material for the study was performed in
compliance with patient safety rules, preserved rights and
canons of human dignity, moral and ethical standards in
accordance with the basic provisions of GSP (1996),The
Convention on Human Rights and Biomedicine (from
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04.04.1997), The Helsinki Declaration of the World Med-
ical Association on the ethical principles for scientific
medical research involving human subjects (1964-2000),
the Order of the Ministry of Health of Ukraine Ne 281
of 01.11.2000, the Code of Scientific Ethics of Ukraine
(2009) and the mandatory consent of patients to partici-
pate in the research.

The obtained results were processed statistically us-
ing data processing software Microsoft Excel 2016 and
«Statistica 5.5» (licence Noe AXXR910A374605FA).

RESULTS AND DISCUSSION

As aresult of the evaluation of the growth retardation
zones obtained in the study, the highest antimicrobial
activity of the decamethoxine comparison preparation
against all studied reference strains of microorganisms
was established. Growth retardation zones around the
wells with the studied sorption drug showed a similar
high activity of the decamethoxine containing agent,
which was similar in activity to decamethoxine against
reference strains of Proteus vulgaris ATCC 4636 (14.35 +
0.31 mm) and anaerobic bacteria Bacillus subtilis (19,21
+ 0,46mm). There was no difference in the antipseudo-
monal activity of the sorption nanocomposition and deca-
methoxine as evidenced by clear zones of growth retar-
dation of Pseudomonas aeruginosa ATCC 27853, which
were within 15 mm in diameter. The antistaphylococcal
activity of metronidazole in combination with decame-
thoxine in the nanocomposite with sorption properties
was slightly lower but provided a sufficient antimicrobial
effect (diameter of the growth retardation zone amounted
to 19.86 + 0.43 mm). A similar pattern was observed in
relation to Escherichia coli culture, where the suggested

complex sorption agent delayed growth within 16.29 +
0.35 mm, inferior to the solution of decamethoxine with
a growth retardation zone of 23.42 + 0.31 mm. In this
case, the antimicrobial activity of the sorbent signifi-
cantly exceeded the effect of metronidazole on museum
strains of the studied gram-positive and gram-negative
bacteria (Fig. 1).

High antimicrobial properties of the investigated
sorption drug in relation to all investigated isolates of
gram-positive and gram-negative pathogens of purulent
inflammatory processes were also established. Its highest
antimicrobial action was found against Staphylococcus
aureus, where the diameter of the growth retardation
zone was up to 19.37 + 0.24 mm, moderately inferior
to the antiseptic decamethoxine (27.37 + 0.23 mm). In
general, the results of comparative activity of these drugs
showed the same effective antimicrobial effect on clinical
strains of gram-negative opportunistic pathogens Acine-
tobacter baumannii, Pseudomonas aeruginosa, Proteus
vulgaris (diameters of growth retardation zones for the
composite drug of the corresponding name was 17,68
+ 0,45 mm, 14,50 £ 0,29 mm, 13,20 £ 0,25 mm versus
17,29 + 0,41 mm, 14,55 £ 0,11 mm, 14,60 + 0,31 mm
for decamethoxine, respectively). In all these cases, the
results of antimicrobial activity of the test composition
did not differ significantly from that for the antiseptic
solution of the corresponding name (p> 0.05). Less pro-
nounced effect of the studied complex sorption drug and
decamethoxine was found to Pseudomonas aeruginosa
(14,50 £ 0,29 mm and 14,55 + 0,11 mm, respectively)
and Proteus vulgaris (13,20 £ 0,25 mm and 14,60 + 0.31
mm, respectively) where significant differences were also
not found (p > 0.05).

&1 Sorption composition m Metronidazole  ®Decamethoxine
oo 1 10,0130,46
Bacillus subtilis ATCC 6633 10.13+0.18
A s 420,38
................................. [14.35+0.31

Proteus vulgaris ATCC 4636 m 524022
;\ NN 17,4940,33

-] 15,68+0,28

.’

Pseudomonas aeruginesa ATCC |
27853

Escherihia coli ATCC 25922 |

t
Staphylococcus aureus ATCC 25923

m’ﬁ 3440,57

0 5

10 15 20 25 30

Diameter of growth retardation zone, mm

Fig. 1. The characteristics of antimicrobial activity of the tested drugs against museum strains of microorganisms by the results of agar diffusion
method (n = 6)
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With regard to anaerobic opportunistic pathogens,
all studied samples presented high antimicrobial activity
without a significant difference concerning Peptostrep-
tococcus anaerobius and Bacillus fragilis (p > 0.05).
Moreover, significant antibacterial properties of the sug-
gested sorption drug and decamethoxine were estab-
lished, which delayed the growth of Bacillus subtilis in
the amount of 18,14 + 0,34 mm and 22,86 + 0,51 mm,
significantly exceeding the indicators of metronidazole
(10,29 + 0,18 mm).

The antifungal properties of composite, moderately
inferior to the antimicrobial action of decamethoxine con-
cerning Candida albicans, were at a sufficiently high level
and statistically significantly exceeded the fungal activity
of metronidazole almost in half (p <0.01) (table 1).

Objective examination of the wound surface in the
period after radical necrectomy and xenodermoplasty
during dressing changes with local use of antimicrobial
drugs determined the remains of necrotic tissues, wound
secretions, the amount of which decreased in dynamics
with the subsequent formation of granulation tissue. At
the same time, in patients of the study group, whose lo-

cal treatment involved the use of sorption nanocomposi-
tion, the processes of wound cleaning from pathological
layers proceeded much faster with less manifestations
of inflammatory reaction both in the area of injury and
in surrounding tissues. This, in turn, contributed to fast-
er preparation of wounds for closure with skin grafts in
comparison with patients whose treatment only includ-
ed topical use of antiseptic solution of decamethoxine
(table 2). Moreover, the effectiveness of surgical closure
of postoperative wounds in patients of the main group
was significantly higher with a larger area of engraft-
ment of transplanted skin grafts.

According to the results of microbiological examina-
tion of the wound surface on the 3® day of observation, a
similar microbial landscape was established, which was
mainly represented by associations of microorganisms
dominated by Staphylococcus aureus, Acinetobacter
baumannii, Pseudomonas aeruginosa, the number of
which in the wound content was expressed in decimal
logarithms and amounted to 1g(6,3 £+ 0,5) CFU/ml and
1g(6,6 £ 0,2) CFU/ml in the main group and the compar-
ison group, respectively. As a result of additional use of

Table 1

Antimicrobial activity of the tested drugs against clinical strains of microorganisms by agar diffusion method

Diameter of growth retardation zone, mm
Microbial cultures N Elmber O.f Sorption . X
clinical strains prior Decamethoxin Metronidazole
composition

Staphylococcus aureus 35 19,37+0,24** 27,37+0,23 10,29+0,10
Escherihia coli 26 17,00+0,21* 21,8540,15 10,1940,12
Acinetobacter baumannii 23 17,68+0,45% 17,29+0,41 10,61+0,17
Pseudomonas aeruginosa 20 14,50+0,29% 14,55+0,11 10,20+0,16
Proteus vulgaris 10 13,20+0,25% 14,60+0,31 10,00+0,15
Peptostreptococcus anaerobius 8 19,75+0,59 20,50+0,50 22,25+0,75
Bacillus fragilis 8 19,63+0,38 20,00+0,57 22,00+0,57
Bacillus subtilis 18,14+0,34** 22,86+0,51 10,29+0,18
Candida albicans 16 19,38+0,30%* 25,38+0,30 10,19+0,25

Note: *—reliable difference (p < 0.05) between this indicator and the indicator determined for decamethoxine;

*— reliable difference (p < 0.01) between this indicator and the indicator determined for metronidazole
Table 2

Clinical criteria for wound process course in the studied patients

. L. Group of patients
Clinical criteria, day
Main group Comparison group

Normalization of body temperature 5,9+0,19* 10,4+0,21
Subjective reduction of pain intensity 7,7£0,25* 12,7+0,23
Cleaning the wound from pathological layers 8,3+0,19* 11,5+0,14
Appearance of granulation tissue 4,8+0,21%* 7,2+0,27
Performing primary skin grafting 9,7+0,18* 13,5+0,21
Wound healing 31,9+0,62* 37,3+0,58

Note: * —reliable difference between the indicators in the studied groups (p < 0.01)
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sorption materials, an effective decrease in the value of
total microbial count in the wound was found but without
statistical reliability. Thus, up to 14 days the quantitative
content of microorganisms on the wound surface did not
exceed 1g(3,8 + 0,3) CFU/ml, while in the comparison
group this rate was 1g(4,3 = 0,6) CFU/ml (p > 0.05).
For instance, patient Z. of the main group, at the age
of 51, received an inpatient card Ne 3262 in the burn
department of the Clinical Center for Thermal Injury
and Plastic Surgery of the non-profit utility enterprise
«Vinnytsia Regional Pirogov Clinical Hospital of Vin-
nytsia Regional Council» on March 23, 2018 at 13:45
with the diagnosis «Burn disease, stage of severe burn
shock. Flame burn of the Ilab-III degree, 30 % of lower
extremities». Case history indicated that he was injured
by flames at home about 12 hours before admittance due
to careless use of flammable fuel substances near an open

fire. First pre-hospital aid was provided immediately ap-
plying moistened napkins to visible burnt areas. Within
1 hour he was taken to the non-profit utility enterprise
«Teplyk Central Regional Hospital» of Teplyk District
Council by ambulance where the neutralization of the
thermal agent was continued, central venous access was
established, infusion therapy was started, and necrotomy
was performed.

On the 3™ day after the injury, an electric anaemic
necrectomy was performed on the entire surface of the
burn injury with the closure of postoperative wound
surface with lyophilized xenodermografts. Subsequently,
dressing changes were performed daily with the applica-
tion of an antiseptic 0.02% solution of decamethoxine,
application of the sorption nanocomposition and closure
of the wound area with a gauze bandage impregnated
with the antiseptic of the corresponding name (Fig. 2).

Fig. 2. Patient Z., 51 years old, inpatient card Ne 3262, 7th day after the injury. The wound is treated with a 0.02% solution of decamethoxine (a),
the nanocomposition sorption agent (b) application of a gauze napkin impregnated with the antiseptic of the corresponding name (c)

Fig. 3. Patient Z., 51 years old, inpatient card Ne 3262, before home discharge, 27 day
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On the 10th day after the injury the wounds were
filled with granulation tissue without necrotic tissues
and pathological secretions, which made it possible to
perform their surgical closure with skin grafts. 27 days
after the injury the wounds healed with a complete skin
grafts engraftment. The patient was discharged under
supervision of doctors to the place of residence (Fig. 3).

A similar nature of injuries occurred in patient K.
from the comparison group, 41 years old, inpatient card
Ne 22863, who was hospitalized at the Clinical Center on
November 21, 2019, 16 hours after the injury. Diagnosis:
«Burn disease, stage of severe burn shock. Burns of the
ITab-III degree, 28 % of lower extremities».

The traumatic mechanism and the amount of care
provided were similar. After early necrectomy and xeno-
plasty on the 3rd day dressing changes were performed
with antiseptic 0.02% decamethoxine solution. Unlike
the previous patient, the process of cleaning wounds from
necrotic tissues and pathological contents took much
longer. Granulation tissue, color and structure of which
differed qualitatively from that of the patients in the
main group, formed more slowly, signs of inflammation
persisted for a long time. Due to this, surgical closure of
the wounds became possible only on the 15th day after
the injury.

Subsequently, the patient underwent additional grad-
ual skin grafting and healing occurred only 35 days later.

The search for effective treatment of burns has contin-
ued for many years [10]. Since the ancient times, means
for local application, which still remain an important
component of a comprehensive program of health care
for patients with similar injuries, are mentioned as avail-
able materials. One of the first documented memoirs
of treating patients with burn injuries can be found in
Egyptian papyri dating back to 1600 BC, which contain
information on balms based on natural resins, honey and
other similar means [11]. Subsequent historical refer-
ences tended to the empirical choice of means of natural
origin, which mainly depended on ethnic and territorial
features. A significant impetus in the formation of new
approaches occurred during the XVIII-XIX centuries,
when there was rapid scientific progress in understanding
the peculiarities of the wound process in burns [12]. The
initial goal in topical treatment was to «dry» the wound
to create a protective layer of dry necrosis and reduce the
permeability of toxins to the vascular bed. Thus, numer-
ous sprays and ointments appeared, the choice of which
depended on the condition of the wounds and the stage of
the wound process [13]. Hydrophilic ointments based on
polyethylene glycole of different molecular mass became
especially widespread in the XX century, which allowed
to combine several active agents at the same time, delib-
erately giving them the necessary properties regulating
the direction and intensity of diffusion.

At the same time, the direction of efferent therapy
appears and actively develops — various sorbents, which

differ in chemical nature, method of their production: ac-
tivated charcoal, ion-exchange resins, silicon, polymeric
materials [14]. Radical change in the treatment strategy
for patients with burn injuries (early active surgical tac-
tics, use of «wet chamber» principles, etc.) helped to
reconsider the feasibility of using certain groups of drugs,
the necessity to find new and improve existing ones.
Thus, a number of drugs with adsorption action appeared
capable of keeping adsorbed substances on the verge
between liquid and solid phases. Scientists developed a
new composite drug based on highly dispersed silicon
dioxide with immobilized antimicrobial substances on
its surface — antiseptics, antibiotics capable of prolonged
diffusion into the wound. The original nanocomposition
sorption agent with antimicrobial properties on the basis
of nanosilica, which is successfully used for application
in purulent inflammatory diseases of different localiza-
tion, has gained wide popularity [15].

The results of microbiological study of antimicrobial
properties in «in vitro» experiments have established the
ability of the drug to act on various pathogenic microor-
ganisms, inhibiting the development of even anaerobic
forms. A significant advantage of the drug is the ability
to adversely affect the biofilm-forming properties of mi-
croorganisms, which was found in the example of clinical
strains of Staphylococcus aureus 8 and Pseudomonas
aeruginosa 24 even after 48 hours of observation.

Known sorption and confirmed high antimicrobial
figures of sorption hydrophilic/hydrophobic composition
indicate the prospects of its use in patients with burn
injuries, which became the ground for its clinical use in
the local treatment of wounds after necrotomy in prepa-
ration for skin grafting. The obtained results allowed to
clearly establish the positive effect of composition on
the processes of wound cleaning from necrotic tissues,
excessive pathological secretions, reduction of microbial
contamination, signs of inflammatory reaction, while
contributing to the formation of granulation tissue. In
general, this allowed to improve the condition of patients,
the results of skin grafting, the rate of epithelialization
of wound defects and significantly reduce the duration
of inpatient treatment.

CONCLUSIONS

The results of studies «in vitro» convincingly indi-
cate high antimicrobial activity of sorption hydrophilic/
hydrophobic composition based on nanosilica, poly-
methylsiloxane, decamethoxine, metronidazole. Proven
antimicrobial ability of the drug to anaerobic flora is a
special value of this drug.

Clinical efficacy of topical use of this sorption com-
position with an antiseptic solution of decamethoxine is
confirmed by the results of rapid preparation of postop-
erative burn injuries for skin grafting with a high level
of engraftment and a significant reduction in the length
of bed rest.
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KJITHIKO-MIKPOBIOJIOTTYHE "OBI‘PYHTYBAI_-‘IHH MICHEBOTI'O 3ACTOCYBAHHS
I'IAPOPLIBHO-TTAPOP®OBHOI KOMITIO3UIII HA OCHOBI HAHOKPEMHE3EMY
IIPU JIIKYBAHHI XBOPHUX 3 OIIIKAMHU
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AKTyaJbHicTb. OIHNM 3 IEPCHEKTUBHUX METOMIB JIIKyBaHHS XBOPHX 3 OMKaMH PO3IIISAAETHCS MiCIIEBE BUKOPUCTAHHS COPOIIHHIX
npernaparis 3 aHTHMIKpPOOHHMH BJIACTHBOCTSIMHU, SIKE TIOTPeOy€ MOAANBIIOr0 BUBYCHHSI.

Hiab: excriepuMeHTa bHEe BUBYCHHSI aHTUMIKPOOHMX BIIACTUBOCTEHl Ta KIiHIYHA OIiHKa €()eKTHBHOCTI MIiCLIEBOrO BUKOPHCTaHHS
HOBOTO KOMITO3HIIIHHOTO COpOLiifHOro mpenapary Ha OCHOBI HAaHOPO3MIPHOTO KpeMHe3eMy HPH KOMIUIEKCHOMY JIIKyBaHHI XBOPHUX 3
OIliKaMHu.

Marepiasau Ta metoau. [lo cxiiaay 3anponoHOBAHOT COPOIiHOI HAHOKOMITO3HIIIi BBIHIIIIIM BUCOKOANCTIEPCHUI KPEMHE3EM, IO~
METHJIKCHIIOKCAH, JICKAMETOKCHH, METPOHI1a301.

ExcrniepuMeHTanbHe JOCHiDKEHHs epeadavano BUBYCHHs aHTUMIKPOOHUX BIACTHBOCTEH COPOLIHHOT KOMITO3HMIIT Ta aHTHMIKPOO-
HUX 3aCc00iB, SIKi BXOIATH 10 11 CKIaTy.

JlocmipkeHHst «in vivoy mepenbavano odctexenHs 42 namieHtiB 3 omikamu [1a6-111 crynens, miomero 10-30% moBepxHi Tina.
3aeXHO BiJ{ TAKTUKH MICIIEBOTO JIIKYBaHHS, MAIi€HTH Oy/M MOAINeH]I Ha 2 TPYNU: y XBOPHX OCHOBHOI rpymu (n=20) micist paHHBOI
HEKPEKTOMii, KCEHOIEPMOIUTACTHKH PAaHOBY MOBEPXHIO OOPOOISITM PO3UNHOM JICKAMETOKCHHY y TOETHAHHI 3 OMHOWMEHHUM COpPOIil-
HUM TopomKkoM. JIikyBaHHS MaIiieHTiB Ipyny NOPiBHAHHA (n=22) Oyn0 momiOHUM, oqHaK O0e3 BUKOPHCTaHHS COpOLIHHMX Mpernaparis.
OoOcTexeHHs mependayano BizyaabHUI KOHTPOJIb YIIKODKEHOT JUITHKAMK y MO€IHAHHI 3 MiKpOOIOIOTriYHIM MOHITOPHHIOM PAaHOBOTO
BMicTy Ha 3, 7, 14 100y.

Pesyabrarn. OTprMaHi pe3yibTaTH HiATBEPAMIN JIOCTATHIO aHTUMIKPOOHY aKTHBHICTB JIOCHIIKYBaHOI COpOIiifHOI HAHOKOMITO-
3MIIii, 32 KO0 BOHA HE MOCTYIAETHCS ICHYIOYMM aHTHCENTHYHUM 3aC00aM, MO0 My3eHHHUX Ta KIIHIYHHAX IITaMiB MiKpOOPTaHi3MiB i
rpudiB.

[linTBepmKeHHAM e(heKTUBHOCTI COPOLIMHOTO Mpenapary CTajdl O3HAKH CIPHATIUBIIIOrO mepediry paHoBOTO MPOLECY Y XBOPHUX
OCHOBHOT IPYIH, IO MPOSIBIISUIOCS MIBHILIMM OYHIICHHSIM PaH, MCHIIMMH MPOSBAMH 3allaibHOT PeakIlii i 3HaYHO KOPOTIIUMHU TepMiHa-
MH I ITOTOBKH PaH 10 ayTOAEPMOILIACTHKY, 3a0e311e4yI0u CTaOlIbHUI aHTUMIKPOOHHUIT e(eKT.

BucnoBku. OTprMaHi pe3ynbraTu MEepeKOHINBO BKAa3yIOTh Ha €(EeKTHBHICTh 0araTOKOMIIOHEHTHOT'O Iperapary Ha OCHOBI HaHO-
KpeMHE3eMy 3 aHTHMIKpOOHHMH HaroBHIOBadamu. JOLiIbHIM Oysie PEeKOMEH/IyBaTH MICLIEBE 3aCTOCYBAaHHS IOIIOHOr0 mpenapary y
KOMIUJICKCHIH MPOTpaMi JIIKyBaHHS XBOPUX 3 OIIKAMH.

Kuarouosi ciioBa: oniku, paHoBuii nporec, iH}eKis, aHTUCENTUKU, COPOSHTH.
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AKTYaIbHOCTb. OIHUM U3 IEPCIIEKTUBHBIX METOIOB JICUEHHs OOIBHBIX C 0XKOTAMH CHMTAETCS MECTHOE HCIIOIb30BaHHE COPOLIMOH-
HBIX TIpPerapaToB ¢ aHTUMUKPOOHBIMH CBOWCTBAMH, KOTOPOE TPeOyeT JaJIbHEHIIero n3yYeHHsI.

Ilean: HKcrieprMEHTAIBHOE M3yYeHHEe aHTUMHKPOOHBIX CBOMCTB M KIIMHHYECKast OIleHKa 3()(EKTHBHOCTH MECTHOTO IIPHMCHEHHUS
HOBOTO KOMITO3HIIHOHHOTO COPOIIIOHHOrO Npernapara Ha OCHOBE HAHOPa3MEPHOTO KpeMHe3eMa IIPU KOMIIIIEKCHOM JISYeHH! OOJNBHBIX C
OXKOTaMH.

MarepuaJjibl M1 MeTOAbI. B cocTaB npeaaraemMoit copOLMOHHO HAHOKOMITO3UIIMHU BOILIH BEICOKOIMCIICPCHBIN KPEMHE3eM, MOJIH-
METUIIKCUIIOKCaH, 1€KaMETOKCHH, METPOHHU1a30J1.

DKCIeprUMeHTAIbHOE UCCIIEIOBAaHNE TIPEyCMaTPHUBAJIO M3ydeHHE aHTUMHKPOOHBIX CBOWCTB COPOIIMOHHOIT KOMITO3UIIMU U aHTUMH-
KPOOHBIX CPEACTB, KOTOPHIE BXOJT B €€ COCTAB.

HccnenoBanue «in vivo» mpemycmarpusaino obcienoBanust 42 manuentoB ¢ oxoramu 1[1a6-11I crenenu, miomansio 10-30% mo-
BEPXHOCTH Tena. B 3aBHCHMOCTH OT TaKTHKH MECTHOTO JIEUEHMs MAI[MEHTHI OBUTH pa3feleHbl Ha 2 TPYNNEL y OONBHBIX OCHOBHOM
rpymmnsl (n=20) mocie paHHe HeKPIKTOMHH, KCEHOAECPMOIIIACTHKH PAHEBYIO TIOBEPXHOCTH 00pabaThIBaIN PACTBOPOM ICKAMETOKCHHA
B COYCTAHUU C OJHOMMEHHBIM COPOLIMOHHBIM MOpoUIKOM. JIedeHue maueHToB rpymbl cpaBHeHns (n=22) ObUIO0 HOJ0OHBIM, OHAKO
0e3 MCIOIb30BaHMsI COPOLMOHHBIX MpenapaTtoB. OOcieJ0BaHUE MTPElyCMaTPHBAIIO BU3YAJIbHBIH KOHTPOJIb MTOBPEXKICHHBIX YYaCTKOB B
COYCTAHHU C MHKPOOHOJIOTMYECKIM MOHUTOPHHIOM PaHEBOTO COAEPKUMOTO Ha 3, 7, 14 cyTKH.

Pe3yabrarsl. [TomydeHHbIC pe3ynbTaThl IIOATBEPIMIIH OCTATOYHYIO AaHTUMUKPOOHYIO aKTHUBHOCTh UCCIIELyeMOM COPOIIOHHOI Ha-
HOKOMITO3HUIINH, COTJIACHO KOTOPBIM OHA HE YCTYMAaeT CYNIECTBYIONINM aHTUCENTHIECKIM CPEACTBAM.

[onreepxkaeHreM >pPEKTUBHOCTH COPOLMOHHOTO Mpernapara CTajid MPHU3HAKK OJarompUsATHOTO TEYEHUS PAHEBOIO Ipolecca y
OOJIBHBIX OCHOBHOM TPYIIBI, YTO MPOSBISANIOCH Ooiee ObICTPO OYMCTKOM paH, MEHBLIMMH MPOSBICHNUSIMU BOCHAIUTEIBHON PeaKiuH,
obecrieyrBast CTAOMIBHBIH aHTUMHKPOOHBII A deKT.

BriBoapbl. [TonydeHHbIe pe3ynbTaTel yOIUTEIBHO YKa3hIBAOT HA () ()EKTHBHOCTh MHOTOKOMIIOHEHTHOTO TIperapara Ha OCHOBE Ha-
HOKpEMHEe3eMa C aHTUMHKPOOHBIMU HaToIHUTEISIME. LlenecooOpa3HeiM OyIeT peKOMEeHI0BaTh MECTHOE IPUMEHEHHE TI0JOOHOro mpe-
rapara B KOMIUIEKCHOM TPOTrpamMMe JiedeHHsI OOTBHBIX ¢ 0KOTaMH.

Ku1roueBble ¢/10Ba: 03KOTH, paHEBOH Ipolecc, MHPEKINs, AaHTUCETITUKH, COPOCHTBI.
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AKTyalIbHiCTh. BUKOpHCTaHHS MECTUIHIB y HAPOAHOMY TOCTIOAAPCTBI AT 3HUIIEHHS IH MIPUTHIYCHHS POCTY IIKiTNBUX POCIHH
Ta 3aXUCTY CIIbCHKOTOCIIOAAPCHKUX KYIBTYp Bl 30yAHUKIB XBOpoO mependadae 000B’sI3KOBY OLIHKY IX €KOJIOTO-Tiri€HIYHOI HeOe3meu-
HOCTI.

Hiab: oninka HEGE3MEYHOCTI TPHOX HOBUX MECTUIMAIB JUIS 3aXHUCTY 36pPHOBHX 3JIAKOBHX KYJIBTYD: aMikap0Oa30Hy 3 XIMI4HOTO Kiacy
TPia30JIOHOBHX CIOJYK, OIIUKIIONIPOHY 3 KJIacy TPUKETOHIB i mixiaymeTodeHy 3 Kiacy kapOoKcaMifiB, 3a TOKa3HUKAMH €KOTOKCHY-
HOCTI Ta TIOBEIIHKH Y TOBKIJII.

Marepiasau Ta Metoau. OmiHKY HEOE3MEYHOCTI TOCTIHKYBAHUX TTECTHIMAIB 3A1HCHIIIM Ha ITiACTaBl JaHUX JDKEpe iH(opMarii mpo
iX (hi3MKO-XiMIUHI BIACTHBOCTI, MapaMeTPH TOKCUKOMETPIl /I Pi3HUX BUIB )KUBUX OPTraHi3MiB Ta MOBEAIHKY Yy HABKOJIHUIIHBOMY Ce-
penoBuii. st iHTerpaibHOT OL[IHKU MOTEHIIHHOT HEOE3MEeYHOCTI /ISl HA3EMHUX EKOCHCTEM 0YII0 pO3PaxoBaHO €KOTOKC 3 BpaXyBaHHIM
TOKCHUYHOCTI JIJISl CCaBIliB, IEPCUCTEHTHOCTI Ta MAKCUMAaJIbHOT HOPMH BUTpPATH. J[Jisl BUSBIICHHSI JIMITYFOUOT JIAHKH Mirpariii 31iiicHeHO
MaTeMaTHYHEe MOJICTIOBAHHS B CHCTEMaX «IPYHT — BOJa», KIPYHT — POCIHHID) Ta «IPYHT — aTMOC(EpHEe MOBITPsI».

PesyabTaTu. BeranosieHo, mo amikap0a3oH € HaJ3BHYaiHO TOKCHYHUM JJISI BOZAOPOCTEH Ta BUCOKOTOKCHYHUM IS BHIIHUX BO-
nsaux pocnuH (BBP) (I xmac mHebesmeunocti), cepenapoTokcnynuM (IV kimac) mst ccaBuiB, cnabotokcnyanm (111 xmac) ans nraxis,
IpyHTOBO1 Me3o(dayHH Ta 6e3XpeOeTHUX, MPAKTUYHO HETOKCHYHUM Ui OKII Ta pud; OIMKIONIPOH — HAA3BHYAHHO TOKCUYHUHN IS
BBP (I kinac) ta cepennbotoxcnunnii (I xiac) amst HaitGinbin 4y iuBUX Bogopoctei, cnabotoxenunnii (111 kinac) mis nraxis, pud ta
0e3xpebeTHNX Ta MPAKTHYHO HETOKCHYHHMN JUTsl 1HIINX NPEACTaBHUKIB Ha3eMHOI QayHu; migiduymeroden e Bucokotokcnunum (I kmac)
Jutst pud Ta 6e3xpedeTHuX, cepenapoTokcnaHNM (11 Kitac) stk 1t Bomopocreid, Tak i urst BBP, mpakTiaHO He TOKCHYHNM JUTS BCi€i Ha3eM-
Hoi 6iotu. JloBeneHo, mo migidrymerodeH — BACOKOCTIHKMIT Ta Majlo MOOUTBHUH Y TPYHTI; aMikap0a30H — CTIHKUiT Ta MOOUTBHHUI; Oin-
KJIOMIPOH — BUCOKOCTIMKHI B Ta0OPAaTOPHUX EKCIIEPEMEHTaX Ta IIOMIPHO CTIMKHIA B MTOMBOBUX JOCIIAaX, HOr0 PyXJIMBICTh KOJIUBAETHCS
y LIMPOKOMY Jiara3oHi: Bij Ay»e MOOUIBHOTO 10 Majio MOOIIBHOTO B OKpPEMHX I'pyHTaX. Hebe3neuHicTh 11 Ha3eMHHUX 0101IEHO31B yCiX
JOCIIDKYBaHUX MECTHIU/IIB 32 PI3HUX IPYHTOBO-KJIIMaTHYHHX YMOB € HIK40I0 Ha (1-5) mopsakiB y nopiBHsHHI 3 BucokocTiiikum JJIT;
HaWHIKIOIO € EKOTOKCHYHICTH OIIMKIIONIpOHY, HABUIIOKO — MigidurymeTodeny. Yei 1ociiuKyBaHi peYOBHHH € BUCOKOCTIHKHUMU Y BOI.
IIpoBigHOIO MaHKOIO iX Mirparii y JOBKIIII € CHCTEMa «IPYHT — BOJia BOXOWM» Ta y pasi mimidurymeTodheHy — Takoxk «IPYHT — POCIHHIY.

KarwouoBi ciioBa: mecTinuan, eKOTOKCHYHICTB, CTaOUTBHICTD, MIirpallis, OlliHKa HeOe3MeYHOCT.

AxTyanbHicTb. Cepell pi3HOMaHITHAX XIMIYHHX pe-
YOBHH, III0 3aCTOCOBYIOTHCS B HAPOTHOMY TOCIIONAPCTBI,
MECTUIIIY 3aiIMaIOTh OCOOJHBE MICIIE, OCKITBKH BOHU
MpHU3HAYCHI JJIS 3HUMICHHS Ta OOMEKECHHS PO3BUTKY
LIKiATUBUX )KUBUX OpPraHi3MiB — Oyp’siHiB, KoMax, 30y~
HUKIB XBOpoO pociuH Touio. Came Take HiIboBe MPU3HA-
YeHHs poOuTh XiMiuHi 3aco0u 3axucty pociuH (X33P)
MOTEHILIMHO HeOe3MEeYHUMHU IS 37I0POB’ sl HACEICHHS,
CTaHy JOBKUIS, YUCICHHUX BHJIB KOPHCHOI (pr1opu Ta
(aynn. Kirto4uoBUME OHATTAMU B peryiaoBaHHI 00iry
X33P e: nebesmnexa, i AKOI0 PO3YMIIOTh 31aTHICTD Tie-
CTULHIY YMHUTH HETaTHMBHHHU BIUIMB Ha 3/I0POB’S JIO-
JOUHY 1 HABKOJUIIHE TIPUPOTHE CEPEIOBHIIE, Ta PUIUK
— WMOBIPHICTh BUHUKHEHHS IIKIIJTUBUX JJI 310POB’ S
1 TOBKULISA €(EeKTiB B peaibHUX YMOBaxX BUPOOHUIITBA
a00 BUKOPUCTaHHS OTpyTOXiMikaTy. ToMy B Iporieci ep-
JKaBHOI peecTpallii HOBUX ECTHIUAIB, MOPSI 3 OI[IHKOIO
PU3UKIB JUIsl 37I0POB’ s JIFOAMHH, iepeadaueHa i 000B’s13-
KOBa OLIIHKA X €KOJIOrO-TIri€cHIYHOI HEOE3IIEYHOCTI.

Hink: orinka HeOE3MEYHOCTI TPHOX HOBHUX MECTH-
IUAIB AJIS1 3aXUCTY 36PHOBHX 3JIaKOBUX KYJIBTYp: aMi-
Kap0a3oHy 3 XIMIYHOTO KJIaCy TPia30JI0HOBHX CIIONYK,

OIIMKIIOTIPOHY 3 KJIaCy TPUKETOHIB 1 mitiryMeTopeHy
3 KJ1acy KapOoKcaMmiliB, 3a TOKa3HUKAMH €KOTOKCHYIHOCTI
Ta TIOBEIHKH Y JTIOBKIJLII.

MATEPIAJIN TA METOIHN

O06’eKTaM¥ IOCTIIKEHHS OyJId TOKCHYHICTD IS
JKHBUX OpTaHi3MiB (CCaBIliB, MITaxiB, OJKIiJ, BOIHUX
OpraHi3MiB TOILO) Ta MOBEIIHKA Y HABKOJIUIIIHbOMY Ce-
penoBuILi (CTIMKICTh y IPyHTI Ta BOJi, PyXJIUBICTh B CHC-
TeMi «IPYHT — CyMDKHI CepefOBHUILAY, 010aKyMyJIsiis)
JOCTIKYBaHUX NecTHIUAIB. OIiHKY HEeOe3MeYHOCTI
amikap0a3ony, OinukiIonipony Ta migipaymeropeny
3MIACHWIN Ha MiJCTaBl JaHUX JpKepeln iHdopMarlii mpo
X (i3uKO-XiIMIYHI BIACTUBOCTI, TApaMETPH TOKCHKOME-
TPl 7S Pi3HUX BUJIIB )KUBUX OPTaHi3MiB 1 TIOBEMIHKY B
IPYHTIi; BCTAHOBIICHHS KJIacy HeOE3MeuHOCTI — 3TiTHO
3 MDKHApOJHUMH Ta HAIlIOHAJLHOO KIacH(iKaIlisIMH.

OCKUTEKH HEOS3NEUHICTh OTPYTOXIMIKaTIB s O10TH
OB’ s13aHa HE JIUIIC 3 iX TOKCHYHICTIO JIJIsI )KUBHUX Opra-
Hi3MiB, a i 3 X HEPCUCTEHTHICTIO y IOBKIJLTI Ta HOpPMaMHU
BUTPATHU Y CUICHKOMY TOCIIOAAPCTBI, IS OL[IHKH PHU3HU-
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Ky IIKiJJIMBOTO BIUIUBY YCiX JOCITIAKYBaHUX PEUOBHUH
Ha Ha3eMHI 010I€HO3U BU3HAYMIIM IX €KOTOKCHYHICTH
(exotokc) 3a metoaukoio [1]. IIpu npoMy BpaxyBaiu Mi-
HiMaNbHHH Ta MAaKCUMAbHUH NIEPi0H HaMiBPYHHYBaHHS
(DT,,) pe4oBHHH y Pi3HUX IPYHTaxX B JaOOPaTOPHHUX Ta
MOJILOBUX YMOBAaxX, HAHMEHIIY CEpEeIHIO CMEPTEIbHY
nosy (LD, ) 3a mepopaibHOIO HaXOPKEHHS PEYOBUHH B
OpraHi3M OLTHX IIypiB Ta MAKCUMAJIbHY HOPMY BUTPATH
3 BpaxyBaHHSIM PETIAMEHTOBaHOI KPaTHOCTI 00poOoK
(amikapbazony — 0,14 kr/ra, 6inuknonipony — 0,15 kr/
ra, migidgaymerodeny — 0,36 xr/ra). EkoTokc 103BosIsI€
MOPIBHATH €KOTOKCUYHICTh JJOCIiAXKYBaHOI pEUOBUHHU Ta
BHCOKOCTI}KOTO XJIOPOPraHiYHOTO IHCEKTHIIUTY JUXJIOP-
mudeninTpuxaopmermiMetany (JAT), ekoTokcukomo-
rigHy HeOe3MeUHICTh SKOTO, IIPU MEPCUCTEHTHOCTI — 312
TiKHiB, LD, — 300 Mr/kr i HopMi BuTpatu — 1 Kr/ra,
MIPUAHATO 33 ONUHHIIIO EKOTOKCY.

[IporHo3yBaHHS JIMITYIO4O01 JJAHKW Mirpaiii Joci-
JUKYBaHUX TIECTHIUIIB 3 IPYHTY B CYMIDXKHI CepeIOBHINA
3OIHCHIINA OUITXOM MaTeMaTUYHOTO MOJCIIOBAHHS Mi-
rparii B CHCTEMaX «IPYHT — BOJa» Ta «IPYHT — POCIIHHIDY
y BIMOBIHOCTI J0 piBHSIHB, HaBeAeHUX y [2—5]. s
MOJIEJIFOBaHHS MpoIlecy Mirpatii 3 IpyHTy B arMocdep-
HE MOBITPs BU3HAYMUIN MAKCUMAJIBHO HOCSDKHY KOHIICH-
TpALil0 KOXKHOI CIIONYKH B TOBITpi 32 PiBHAHHIM MeH-
neneepa-KnanelipoHna [6], BpaxoByoun MOJISIPHY Macy pe-
YOBUHH (MI/MOIIb) Ta TUCK 11 HACHUEHOT TapH (MM PT. CT.).

PE3YJIBTATH TA IX OBTOBOPEHHSI

3a MexaHi3MOM JIiT Ha IIIKiUTUBI OpraHi3MH repOiuam
amikap0a30H Ta OIIMKIIOMIPOH HaJIeKAaTh IO 1HTIGITOPIB
(orocunTe3dy Ta 4-rigpokcudeHITIIpyBaT-TI0KCUTeHA3H
pociuH, BiAnoBiAHO, QyHrinuA mixidgiaymeroper — 10
1HTI0ITOPIB CYKIIMHATACTIAPOTreHa3  (iTomaroreHis [7].
[Ipemapary Ha OCHOBI amikapOa3oHy Ta OIIUKIOMIPOHY
PEKOMEH/I0BaHi I 3aXUCTY MOCIBIB KYKypyA3U; AJIs iH-
X CUTBCHKOTOCIIONAPCHKUX KYIBTYP BOHH (DITOTOKCHY-
Hi. [Ipenaparu Ha ocHOBI migidiaymeTodeny 3amporo-
HOBaHi [T 00pOTHOM 13 XBOPOOaMU XJTIOHUX 36PHOBHUX
(MIIeHuI Ta SYMEHIO 03UMHUX Ta SIPUX) Ta 3epHOO000BHUX

(cost) KymeTyp.

MopensHUM BUJOM TBAapHH IPU OIiHII Hebe3mneu-
HOCTI IECTUIIUIIB JUISl CCaBI[IB € IIyPH, OM[IHOYHUM
kputepiem — LD, pu BBe/ICHHI y IMUTYHOK, 32 AKOIO
MECTHUIUIN TTOAINSAIOTh Ha Haa3BU4YaiiHO Tokcu4Hi (I
knac Hebesneunocti, LD, < 5 mMr/kr), nyxe BUCOKO-
tokenyHi (Il kmac, > 5 — 50), Bucokorokcnysi (111 xiac,
> 50 —300), cepenaroTokcuuni (I'V kiac, > 300 —2000),
cnaborokcnuHi (V kiac, > 2000 — 5000) Ta npakTH4HO
HerokcuuHi (> 5000) [8]. Beranorneno (tabu. 1), mo
amikap0a3oH € cepegapoTokcnyHNM (IV Kmac), Giru-
KIIOMIPOH Ta MixiQiymMeTopeH — MpaKTHIHO HETOKCHYHI
JUISL CCaBIIiB.

Heb6e3neunicts X33P owiHIOOTE: AN NTaxiB — 3a
LD, aist npescTaBHUALIBLKOTO TECTOBOTO BHIy — BipriH-
cwkoi nepenenui (Colinus virginianus) [13]; nns xopuc-
HUX KOMaX — 32 KOHTAaKTHOFO TOKCUYHICTIO JIJISl TECTOBOTO
BUJIy — MEIOHOCHUX O1Xin (Apis mellifera) [13]; mns
TPYHTOBOT Me30(ayHU — 32 CEPEAHBOI0 CMEPTEIHLHOIO
koHuentpaniero (LC, ) 11 TECTOBOTrO BUIy — TOIOBUX
yepBiB (Eisenia foetida) [14]. 3a rocTpor0 TOKCHYHICTIO
JUTS TITaxiB, OJDKIJ Ta JONOBUX YEPBIB MECTUIAIM IO~
JISIFOTh Ha 5 KJ1aciB TOKCHYHOCTI 1 3 KJTacH HeOe3MeIHOCTI
(tabm. 2).

Hani, npencrasneni y Tabnuui 1, 103BONISAIOTH BiHE-
CTH aMikap0a30H Ta OIMKIIOMIPOH 3a TOCTPOIO TOKCHYHI-
CTIO JUId niTaxiB Jo cnaborokcuunux (III kimac), migidmy-
MeTO(eH — 10 MPAKTUYHO HETOKCUYHHX IMECTHLUIB. YCi
JIOCITIJPKYBaHI PEYOBUHH 33 KOHTAKTHOIO TOKCHYHICTIO
JUTS OJKLJT € IPaKTUYHO HETOKCUYHUMU. 1151 TPyHTOBOT
Me3odayHu amikap6a3on € cnadoroxcnanum (111 xac),
nigi¢uymerodeH ta OIMUKIOMIPOH — MPAKTUYHO He-
TOKCUYHIMH TI€CTUIIHIAMH.

IHTerpanpHa OIiHKa €KOTOKCHKOJIOTIYHOT Hebe3-
MEYHOCTI 32 METOMKOIO [ 1] moka3aia, 1o 3a pi3HUX
IPYHTOBO-KITIMATUYHUX YMOB €KOTOKCHU JIOCIIKYBaHUX
MECTULHIIB € HIDKYMUM Ha (1-5) mopsakiB y MOpiBHAHHI
3 JIJIT; HAWHMKYO € EKOTOKCHYHICTh OIIUKIIONIPOHY,
HaWBUINOIO — migiduymeTodeny, Mo 3yMOBIEHO HOTO
HAJAMOBUIBHOIO Jlerpajanieto y qoBkiu (tabmn. 3). Jo
TOTO K, €KOTOKCH CY4aCHHX repOiIu/IiB OiIHKIONIpOHY
Ta aMikap0a3oHy, BU3HAUCHI 3 ypaxyBaHHIM HalBHIIO]
MEPCUCTEHTHOCTI Y IPYHTI B MOJIBOBUX JOCTIKEHHSIX,

Tabmms 1
ITapaMeTpH TOKCHYHOCTI TOCTIAKYBAaHUX MeCTHIMIIB VIS HA3eMHUX OPraHizMiB
. Hxepeio Ccasi, Mraxu, LD_, MenoHOCHI 01:K0IH, JlomoBi yepBH,
AT [T ingopmanii LD,,, mr/kr MI/KT * LD, , MKr/om:Koay LC,,, mr/kr
. [71 1015 1965 — —
Awmikap06a3on
[9] =~1200 > 2000 >200 931
. . [7] > 5000 - 780 -
Binuknonipon
[10] > 5000 1206 >200 > 1000
[7] > 500 3776 - > 1000
Migipnymerodhen [11] > 5000 - >100 -
[12] > 5000 3776 - -

Ilpumimka: 3uax «—» o3Hauae giocymuicmo iHgopmayii.
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Tabmuis 2
Knacudikanis nectuuuais 3a rocTporo TOKCHYHiCTIO 1u1s1 nTaxiB [13],
MeaoHOCHUX 01kia [13], nomoBux yepsiB [14] Ta Bognux opranizmis [18]
MenoHnocHi Loty i
Knac Knac IITaxwu, A JlomoBi yepBw, opraHizmm,
q . omxonu, LD_,
He0e3MmeyHoCTi TOKCHYHOCTI LD_, mr/kr U LC,_, mr/kr LC_/EC_,mr/
50 MKr/ﬁl[)KO.JIy 50 50 HM350
Hanzsuuaiino ToxcuuHi <10 <0,1 <1 <0,1
I
BucokotokcryHi >10-50 >0,1-1 >1-10 >0,1-1
II CepeHbOTOKCHYHI >50-500 >1-10 >10-100 >1-10
1 CrnaborokcuaHi > 500-2000 >10-100 > 100-1000 >10-100
He xnacudikyerscst | [IpakTH9HO HETOKCHYHI > 2000 > 100 > 1000 > 100
Tabmwms 3

®dizuKo-XiMiuHi BJACTUBOCTI Ta MOKA3HNUKH MOBEIIHKH JOCJTiIKYBAHIX PEYOBHH Y IPYHTI Ta CYMIZKHUX cepeoBUIaX

[7,9-12, 16, 17]

IMoka3HnK, OTUHUII BUMIPIOBAaHHS Hiroua peyoBuHa
Awmikapo6a3soH Binukiaonipon Hinigaymeroden
Monexkyasipua Maca 241,29 399,36 426,67
Ilepion HamiBpyHHYyBaHHS 1y 14-87 19,8-434 84-4170
y IPYHTI (DT,)
min — max, jg00a Iy 4-87 1,7-36 29-8540
Yy 2,76x10+ 8.48x102 8.64x104
1,71x1073 1,86x1073 4,29x102
Exoroke (E)*, y.o.
ny 7.88x10= 7,28x10% 2.95x10*
1,71x1073 1,54x10* 8,78x102
K, min — max, M/ 16,7-44 6-500 1165-3808
. . Toponiz 64 >365 >365
Ilepion HamiBpo3nany y
Boni (T,), 206a Cucrema 116 681 662
«BOJA-0CAI
mlIla (mpu Temneparypi, 3,0x1073 25 C 5x10° 1,84x10*
Tuck Hacu4yeHoi napu °C (25) (25) (20)
MM PT. CT. 2,25x10°8 3,75x10°8 1,38x10°
Kowncranra Ienpi, [Ta-m* mMoip™! 6,78x10% 1,7x10°® 1,05x10+

Hpumimxu: 1. J1V — nabopamopui ymosu, I11Y — nonvosi ymosgu; 2. * — pesynomamu 1acHux po3paxyHKis; 6 YUcenbHUKy — MiHiMaibHe

3HAY€eHHS, 8 SHAMEHHUKY — MAKCUMAIbHEe 3HAYEHHSL.

OyJT! HIDKYHMMU, HDK Y TepOIUIiB MONIEPEIHIX TTOKOJIHE:
CHUM-TPHUA3HUHIB (aTpa3uHy, NIpoIMa3suHy, CHMa3HHy) Ta
HIECTUWICHHUX TeTepOLUKIiB (OeHTa30HY, METPUOY3H-
uy) [15].

Hebe3neuHicTh JOCTIKYBAHUX MECTUIUIIB s
BOJHHX OPTaHi3MiB OI[iHEHA 32 TOCTPOIO TOKCHYHICTIO
[18]. Ak kpurtepii, BUKOPUCTaHIi: s pud — cepenHs
cMeprenbHa konuentpanis (LC, ) npu 96-rogunno-
My BIUIMBI s paiiayxHoi dopeni (Oncorhynchus
mykiss); 11 6e3XxpeOeTHUX — KOHIIEHTpaIlis, [0 MpH-
ruigye pict Daphnia magna na 50 % (EC,,) 3a 48 ro-
niH; st Bogopoctedt — EC50 aiist 3eneHux Bomopocren
(Pseudokirchneriella subcapitata) nipu 72- abo 96-ro-
JIMHHIN 1i1; 11 Buimux Boassaux pociuH (BBP) — kon-
LEHTpallis, UI0 IPUTHIYYE picT GioMacH pscku ropdaroi
(Lemna gibba) na 50 % (EC50) 3a 7 1i6. Knacudixaris
HaBeneHa B TabmuI 2.

Bcranosneno (tabu. 4), mo ¢yHrinun minidiryme-
To(eH € HAaNTOKCHYHIIUM 715 pub Ta 6e3xpedeTHux (I
KJ1ac HeOe3MeuHOCTi); OIIMKIONIPOH — C1a00TOKCUYHUI
(IIT kyac); amikap6a3oH ansg 6e3xpedeTHUX — ciabo-
toxcuunui (111 kmac), s pub — NPaKTUYHO HETOKCHY-
Huil. BogHowac nist Bogopocteli Ta BBP Hebe3neunimm-
MU € TepOinuau: amikapOa3oH — Ha3BUYAfHO TOKCHY-
HUH 1711 BOIOPOCTEH Ta BUCOKOTOKCHYHUHU Juts BBP (1
KJ1ac); OIIMKIIOMIPOH — HaA3BUYAHHO TOKCUIHUH JUIst
BBP (I knac) ta cepenaporokcnunmii (11 kiac) s Haid-
YYTIUBIIIAX BOJOPOCTEH; mimidryMeTodheH — CepeTHbO-
tokcrunwmi (11 kmac) 1 s Bomopoctei, i 1yt BBP.

OCHOBHUMHU TIpoLIECaMH, 1[0 OOYMOBIIOIOTH PO3IO-
I 110901 pEYOBHHHM TIECTUIUAY B TOBKIILII MiCIsl 1OTO
3aCTOCYBaHHS, €: pyHHYBaHHS (IeCTpyKis), copOis,
BUJIYTOBYBaHHsI, BUIIAPOBYBaHHS, ONJIMHAHHSI )KUBUMHU
Oprasi3MaMu.
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Tabnusa 4
I[MapaMeTpu TOKCHYHOCTI TOCTIIKYBAHUX MEeCTHIHIIB /IS BOOHUX OPTaHi3MiB
. Hxepeno Puou, LC50, Be3xpederni, EC50, Bonopocri, Bumi pociiunn, EC50,
Aiioua pesosuna ingopmauii M/ M/ ECS0, mr/a M/
. [7] >120 >40.8 - 0,21
Awmikap6a3oH
[9] > 100 41 0,035 -
. . [7] 46,9 46,7 - 0,013
binuknonipon
[10] 93 >93,3 5,9-94,8 0,073
[7] 0,18 0,42 >59 >6,3
Higipaymeroden [11] 0,18 <1 - -
[12] 0,18-0,66 0,42-4,65 1,5->59 >6,3

IIpumimka: 3nax «—» osnauae siocymuicmo inghopmayii.

3a JaHUMU, HaBelEeHUMH y Ta0nuii 3, HailBUIy cTa-
OUIBHICTB y PI3HUX IPYHTOBO-KITIMAaTHYHUX YMOBaX Mae
nigigmymeTodeH, sikuii € Bucoxoctiiiknum (I kac 3a JCIT
8.8.1.2.002-98 «l icieniuna xnacugixayis necmuyudis 3a
cmynenem Hebe3neunocmi» Ta kKiaacudikarito [7]) sk B
nmabopaTopHUX, TaK i B HATYPHUX yMoBax. HalmiBumire
JeTpaly€e y TpyHTI aMmikap0a3oH, iKUK, K B Jaboparop-
HUX, TaK 1 B OJBOBHX J0CIiAaxX, 3a Kiacudikamiro [7]
MOXKHa BijiHecTH 10 momipHo critikux (111 kiac) mectu-
nuaiB, ane 3a JJCIT 8.8.1.2.002-98 — no BucokocTinkux (I
KJ1ac HeGe3MneyHo Ti). binukiionipoH € BucokocTiiikum (1
KJac 3a 00oMa knacugikamisiMu) B 1aOOpaTOpHUX eKCIIe-
puMeHTax Ta noMipHo criiikum (III k1ac) — B moapoBUX
JOCiax.

MirpaniiiHy 31aTHICTh JOCIIPKYBaHUX TIECTHIIHIIB
OLIIHIOBAJIH 32 KoediieHToM copO1ii, CKOpEeTOBaHUM Ha
BMICT opraHigyHoro Byrient y rpyHTi (Koc), 3rigHo 3
knacudikariro SSLRC (Soil Survey and Land Research
Centre) [7]. BianoBimHo 10 naHUX, M0 HaBEJCHI y Ta-
omui 3, amikap6a3on — moOupHuH (11 Kiac); mimigury-
MeTodeH — ManoMoOinbHUE (IV Kkiac), OIUKIOMpOH
— 3QJIeKHO BiJl TUITY IPYHTY Bif Ayke MoOLThHUI (I Kitac)
1o manomo6ieHuH (IV Kac) B OKpeMHUX IpyHTax.

3a mepcUCTEeHTHICTIO Yy BoAi (Tabim. 3) yci Tpu nocii-
JUKyBaHi necTUUIu € BucokocTiiikumu (I kimac nebes-
MIEYHOCTI) SIK IIPH TiAPOIi3i y HeHTpambHOMY OydepHOMY
posuuni (pH 7, Temneparypa 20 °C), Tak i y cucremi
«BoOIa — ocajy, 3riaHo sk 3 J{CIT 8.8.1.2.002-98, Tak i 3
KIacudikariero, 1o HaBeaeHa y [7].

BaxxnnBooo XapakTepUCTUKOIO MECTUIIUIY 3 €KO-
JIOrO-TITi€HIYHUX MO3ULINA € 34aTHICTH MOTIIUHATUC
KUBUMH OPTaHI3MaMH i3 OTOYYIOYOTO CepeaOBHUIIA,
SIKY OIIHIOIOTH 3a KoedimienTom Gioakymyssiii (BCF
— Bio-concentration factor). OcTanHi# sBIsIE COO0KO
BiHOIIEHHS KOHLIEHTPALil pEeYOBHHHU B OpraHi3mi 10
1 KOHIIEHTPALii HA30BHI Ta BU3HAYAETHCS MEPEBAIKHO
JuIs 610TH BOJIOMM. 3aTHICTh 10 0i0aKyMyJsIsLii HOBUX
MECTUIUIIB, I AKUX 11e He BcTaHoBieHo BCF, moxxHa
OTIOCEPEIKOBAHO OI[IHUTH 32 IECATUHHHUM JIOTaprupMom
KoedilieHTy po3noninay H-okraHon-Boaa (log P). fAxmio
log P < 2,7, To necTunuy npuTaMaHHUN HU3BKUH Pi-

BEHb 0i0aKkyMyJsIii, TOOTO iCHye HU3bKa HMOBIPHICTh
HEePETUHAHHS PEYOBUHOIO 010JIOTIYHUX MeMOpaH, TOMY
1 mpsIMUIA Y ONocepeIKOBaHUIN BIUIMB HA BOJHI Opra-
Hi3MH € ManoimMoBipHEM. [Ipo momipHUit piBeHs Gioa-
KyMyJsii cBiqauth log P B Mexax 2,7-3; po BUCOKUI
—log P> 3,0 [7]. Buxozsuu 3 HaBeieHOTO aMikapOa3oHy
(log P =1,23) ta 6inuknonipony (log P = -1,2) npura-
MaHHUI HU3BKHN pPiBEHb 010aKyMyJIALil, TiaipIyMeTo-
¢eny (log P = 3,8) — Bucokuii. MOXxIJINBO, camMe BUCOKHI
piBeHB 0i0aKyMyIIii (BHCOKA MIITO(ITBHICTD) € OTHIEI0
3 epeyMOB BUCOKOI TOKCHYHOCTI migiduymeTodeny
JUTsl pu0 Ta 0e3xpedeTHUX.

OCHOBHMMH XapaKTepUCTHUKAaMH, 110 BU3HAYAIOTh
3[IaTHICTh MECTUIIHIIB BUTIAPOBYBATHUCS, € TUCK HaCHYe-
HOI mapu Ta KoHCTaHTa ['eHpi, sika € MipoIO JIETIOYOCTI
PEYOBHHU 3 p030aBICHUX BOIHUX PO3YHHIB, IO OIU3HKO
JI0 CTaHy MECTULUIY B PEATFHUX YMOBAX 3aCTOCYBaHHS
y CIJIBCBKOMY TOCTIOAAPCTBI. 38 THCKOM HACHYEHOT Tapu
Ta KoHCTaHTOor0 ['eHpi (Tabu. 3) yci mocmipKyBaHi pedo-
BHHH € HEJICTKUMH, 3T1JIHO 3 KJIacH(iKaIliero, HaBeIEHO
B[7].

[Iporuno3yBaHHS JTIMITYIOUOT JIAHKH MIrparii aMmikap-
0a3ony, OILUKIIONIpOHY Ta migigaymeTodeHy y cuctemi
«IPYHT — CyMiXkHI C€peIoBHUIIa» 3AINCHIUIMN UUISIXOM
MaTeMaTHUYHOTO MOJICTTIOBAHHSI 3a PIBHSHHIMHU perpecii,
AKi HaBeCHI y TabmuIi 5.

PiBusians (1)-(5) onucyrots 3anexHicts Mix [JIK B
rpyuti (I’1KT), mo BcTaHoBiIeHa 3a TPaHCIOKAIiTHUM
MOKA3HUKOM IIKIJIMBOCTI, Ta MIHIMAJILHOIO BEJIMUUHOIO
M/IP B mpoaykTax xapuyBaHHS POCIMHHOTO ITOXOKEH-
Hi. PiBHsHHSA (6)-(9) onucyroTh 3anexHicTh Mik [JIKT,
sIKa BCTAHOBJICHA 32 JIIMITYIOYMM BOJHO-MITpaIiiHuM
mokasHuKoM mikigmBocti, 1 [JIK y Boai Bomoiim (I'/]-
KB.B.). OCKiIBKH HPH JIMITYIOUOMY TPaHCIOKAIIHHO-
My HOKa3HUKY IKiumBocTi [JIKr uncensHo 1opiBHIOE
MOPOTOBi KOHIEHTpallil, IpH fKii Mirpauis y ToBapHi
YaCTHUHU CUTBCHKOTOCIIOIAPCHKUX POCIHH HE MepeBU-
muts M/IP, a mpu niMiTyr090My BOIHO-MIrpaniifHoMy
noka3HUKy mKiamuBocTi I JIKr uncensHO mopiBHIOE TIO-
POTOBii KOHIIEHTpAIii, IPH SIKiil Mirpaiis y BOIy He Iie-
peututh [JIKB.B., TO piBHsAHHS (1)-(5) 1 (6)-(9) MOxHA
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Tabmuus 5
PiBusinHsl perpecii Ta pe3yJbTaTH po3paxyHKiB MOPOrOBUX KOHIIEHTPAaNiii
amikap6a3ony, Oinukaonipony Ta migigaymerodeny B rpyHTi
Dopmynu i}?q);:) i)lﬁgl.?ﬁ Awmikap6a3oH Binuxnonipon Mixidmymeroden
Y = 1,23 + 0,48 Ig M/IP (1) (5] 0,41 0,41 0,27
Y=1,15+0,76 lg MIP 2) [3] -0,14 -0,14 -0,37
Y =027 + 0,55 MJIP 3) [2] 0,28 0,28 0,28
Y =1,11+0,53 Ig MJIP 4) 2] 0,21 0,21 0,05
Y = 1,29 x \M/JIP Q) [2] 0,18 0,18 0,13
Y =0,24 + 2,49 TTIKB.B. (6) 2] 0,24 0,24 0,24
Y =1,02+0,31 Ig TJIKB.B. @) [2] 0,18 0,02 0,18
Y =2,28 x \[IKz.B. ®) [2] 0,10 0,06 0,10
Y =0,568 + 0,084 In[IKB.B.  (9) [4] 0,05 -0,06 0,05

Ipumimxa. Y — nopozcogi konyenmpayii'y ipyumi, me/ke; MP — minimanvha eenuuuna MJIP 6 npodykmax xapuyeanns, me/ke: amikapoazony
— 0,02, 6iyuxnonipony — 0,02, nidigprymemocheny — 0,01, I'/[Ks.6. — I /IK y 600i 6000tim, me/om3: amikapbasony — 0,002, 6iyuxionipory — 0,0006,

nidighnymemocperny — 0,002.

BHKOPHCTOBYBATH SIK PETPECiiiHI MOJEIIi TPOIECiB Mi-
rpaiii B CHCTEMax «IPYHT — POCIHHI Ta «IPYHT — BOZIA
BOJIOMM) BiIIOBIIHO.

JlaHi, sKi HaBeJieHi y TaONHI 5, CBITYATh, [0 3HAYCH-
H$1, OTPUMaHi 3a PiBHAHHAM (2) 1711 YCIiX TPhOX JOCHLIKY-
BaHUX CIOJIYK Ta 3a PiBHAHHAM (9) U1 GILMKIIONIPOHY,
1o30aBJieHi CeHCY. 3TiTHO 3 IPUHLIMIIOM arpasailii, opo-
TOBOIO KOHIICHTPALII€I0 B IPYHTI 32 TPAHCIOKALIITHUM 110-
Ka3HHUKOM IIIKIJIMBOCTI BU3HAHO HaliMeHIIIe 3 4 3HaYEHb,
orpumManux 3a ¢popmynamu (1) 1 (3)-(5): amikapbazomny, 6i-
IUKJIOMipoHy Ta mixigymerodeny — 0,18 mr/kr; 0,18 mr/
kr Ta 0,05 MI/KT, BiZIIIOBITHO; TIOPOTOBOIO KOHIICHTPAIIIEF0
3a BOAHO-MITpalliiHIM TTOKa3HHKOM IITKIIJTHBOCTI — Haki-
MEHIIIe 13 3HaYeHb, OTPUMaHUX 3a Gopmynamu (6)-(9):
aMikap0a30Hy, OIIUKJIONIPOHY Ta miaipaymeTopeHy —
0,05 mr/kr; 0,02 mr/xr i 0,05 MI/KT, BiAIOBIIHO.

OTxe, TpaHCIIOKALlis JOCIIIYKYBaHUX PEYOBUH Y TOBap-
Hi YaCTHHU CUIBCHKOTOCIIONAPCHKUX POCIIHH HE MEPEBH-
uwmth M/IP nipu BMicTi y TpyHTI: amikap6a3zony — 0,18 mr/
KT, 6inmknonipony — 0,18 mr/kr ta mipiguymerodeny —
0,05 mr/kr i HIpKge. Mirpartis y BOy MiI3eMHUX Ta ITOBEPX-
HEBHX BOZONM He nepeBruTs I JIKB.B. pH BMICTI y IpyH-
Ti: amikap6azoHy — 0,05 mr/kr, Girmktomipony — 0,02 Mr/kr
Ta migigpmymerodpeny — 0,05 Mr/kr i HUKUE.

MonenmoBaHHS POLIECY BUIAPOBYBAHHS JOCITIIKY-
BaHUX MECTHUIUAIB 3 IPYHTY B aTMoc(epHe MOBITPs

3MIHCHIIN UIIXOM PO3paxyHKy MaKCHMAaJIbHO JOCSIK-
HOT KOHIICHTpAIlii pEYOBHUHHU B MOBITPi 32 PIBHAHHIM
MenneneeBa-Knamneiipona [6], BpaxyBaBIIu MOJEKY-
JSIPHY Macy 1 THCK HACHYEHOI mapy KOXKHOI CIONYKH,
skl HaBeleH1 y Tabnuui 3. 3ayBakuMo, 110 HACHYEHOIO
HA3MBAETHCS T1apa, 10 3HAXOAUTHCS B PIBHOBA3i 3 piau-
HOIO 200 TBepaUM TiIoM. AMikapOa30H, OIUKIONIPOH
Ta migigurymetoden mpu temmneparypi 20 °C abo 25 °C
€ TBePIMMHU PEUOBHHAMU, TOYKA IJIABTICHHS SIKMX CTaHO-
BuTh 137,5 °C; 65,3 °C ta 113 °C, BianosigHo [7].

Pesyneratn po3paxyHKiB, SKi HaBeleHi y Taomumi 6,
CBig4arTh, 110 MAaKCUMAJIBHO JOCSIKHI BHACHIAOK BHUIIA-
POBYBaHHS KOHIICHTpPAIii TOCTiIKyBaHIUX PEUOBHH Y
MOBITPI 3HAYHO HIDKYI 3a TITi€HIYHI HOPMATHBH: aMmi-
kap0Oa3oHy — B 3,4 pasu, Hixk OBPB B atmochepHomy
nositpi (ObPBa.iw.), i B 1724 pa3u, Hixk OBPB B mogitpi
poGouoi 30uu (OBPBm.p.3.); 6inukionipony — B 1244
pasu, Hixk ObPBm.p.3., migigmymerodeny — B 312,5 pazu,
Hix OBPBa.i., i B 31250 pasu, nix OBPBm.p.3..

TakuM 4YMHOM, MAKCUMAJIBHO JTOCSKHI KOHIIEHTpALii
JOCJIIKYBaHUX PEYOBHMH B MOBITPI IpHU TeMIleparypi
25 °C (amikap6a3on, 6inuknomnipon) abo 20 °C (mizi-
¢dirymerodeH) € 3HauHO HIbKYMMH, HiXK OBPB B moBiTpi
po6oudoi 30HM (yci 3 crionyku) Ta atMoc(epHOMY TI0-
BiTpi (amikap6a3oH, migidurymeTodeH); MaKCUMaIbHO
JIOCSDKHA KOHIICHTpAIlisS OIIMKIIONIPOHY JIUIIe y 8 pa3iB

Tabmuus 6
IMoka3HUKH NOBEeAiHKHU JOCTiIKYBAHUX NECTHLHUAIB B CHCTeMi «IPYHT — IOBIiTpPS»
Jiroua peyoBUHA
IMoka3Huk, oxMHALT BUMIpY
AMikap0a3oH Binuknonipon Hinidpaymeropen
MaxkcuMansHO TOCSDKHA KOHIIGHTPAIIis B IOBITPi, MI/M3 2,9-10* 8,04-10* 3,2:10°3
OLBPB B noBitpi po6ouoi 30uu, Mr/m3 0,5 1,0 1,0
OFBPB B armocdepHoMy moBiTpi, Mr/m3 0,001 0,0001 0,01
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nepesuitysaiga ObPBa.ii.. Tomy cuctema «IpyHT — 1OBi-
TPsD» HE € IIPOBITHOIO JTAHKOIO MIrpariii J0CHipKyBaHUX
PEUOBHH y HABKOJIMITHEOMY cepeoBHUINi. OCKIIBbKHY IO-
POTOBi KOHIIEHTpaIii amikapOa3oHy Ta OIUKIOMIPOHY Y
TPYHTI 32 BOAHO-MITpalifHIM ITOKa3HUKOM IITKIJTHBOCTI
(0,05 mr/kr i 0,02 Mr/kT, BIAMOBIAHO) MEHIIII, HIX 3a
TpaHCIIOKaIitHUM moka3HuKoM (0,18 Mr/kr 1 0,18 mr/kr),
a MoporoBi KoHIeHTpail migigiaymerodeny 3a odoma
nokasaukamu (0,05 mr/xr i 0,05 MI/Kr) ciBNagaOTh,
TO JIIMITYIOUOIO JIAHKOIO Mirpaii ycix JocipKyBaHUX
PEUOBHH € CHCTEMa «IPYHT — BOJa BOJAOHMY Ta y pasi
nigidaymeropeny — me i «I'pyHT — pOCIHHI.

BUCHOBKU

1. 3a TOKCHYHICTIO /ISl HA3EMHUX OPraHi3MiB amikap-
6a3oH € cepeqaboTokcnYHUM (IV Kitac HebGe3meyHOCTi)
Ui ccaBliB, cnabotokcnyauM (111 kimac) ans nraxis Ta
TPYHTOBO1 Me30(ayHH, MPAKTUIHO HETOKCUYHUM JIJIS
00K, OinuKIoMipoH € ciadotokcuaHuM (111 kirac) most
NTaxXiB Ta NPAaKTUIHO HETOKCHYHUM JUIS 1HIIUX TIpe-
CTaBHUKIB Ha3eMHO1 (ayHu; migidmymeropeH — mpak-
TUYHO HETOKCUYHUI [T BCi€l HA3eMHOT 0i0TH.

2. Iligipnymeroden € BucokocTikum y rpyHTi (I
KJIac HeOE3IMEYHOCT] ) IPU Pi3HUX IPYHTOBO-KITIMATHIHUX
yMOBax; HalIIBU/IIE AETpajgy€e y IpyHTI amikapOa3oH,
SIKUH 32 MDKHApOIHO Kilacu(ikaliro € IOMIpHO CTii-
kuM (111 k1ac); GinuknonipoH € BucokocTiiikum (I kiac)
B JIAOOpATOPHHUX €KCIIEPUMEHTaX Ta TIOMIPHO CTIHKUM
(Il kmac) — y MOJIbOBUX AOCTIIAX.

3. ExoTokcukosoriuHa HeOe3MeUHICTh (3 ypaxyBaH-
HSIM IIEPCUCTEHTHOCTI Ta MAKCUMAJIBHOT HOPMU BUTPATH)
YCIX JOCHIDKYBaHUX MECTUIUIIB 32 PI3HUX TPYHTO-
BO-KJIIMaTHYHUX YMOB € HHX400 Ha (1-5) mopsakiB B
nopiBHsHHI 3 JIJIT. /1o TOTO %, €KOTOKCH CydacHHX rep-
OILMIIB OIIMKIIOMIPOHY Ta aMikapOa3oHy OyJIH HHXKUH-
MH, HI>K €KOTOKCH iX IOTIIEPEIHUKIB 3 KJIaciB CUM-TpHa3H-
HIB (aTpa3uHy, IPONa3KHy, CAMAa3HHY) Ta IECTUWICHHUX
reTepolUKiIiB (0EHTa30HY, METPUOY3HHY ).

4. Yci nocnipKyBaHi pe40BUHH € BUCOKOCTIMKUMH (1
KJac HeOe3mevHocTi) y Bozi. BomHouac, BB amikapOa-
30HY Ta OIIIUKJIONIPOHY Ha BOJHI OPraHi3MH € MaJloWMO-
BipHHMM, OCKIJIBKH iM IpUTaMaHHUN HU3BKUH PiBCHB
OloakyMymsIIil, Ha BiIMiHY Bix migipaymeTodeny, siKuit
BHPI3HAETHCS BUCOKOIO JIIMOMIUIBHICTIO.

5. MimipaymeTodeH e BucokoTokcuaanM (I kitac He-
0e3mneyHocTi) It pud Ta 6e3XpeOeTHUX; OIIUKIONIPOH
— cmaborokcnunuM (111 knac); amikap6a3oH ais pud
MPaKTUYHO HE TOKCUIHHM, A1 Oe3XpeOeTHUX — clia-
6oroxkcuunuit (III kiac). st BogopocTeii Ta BULIIUX
BonsiHuX pociuH (BBP) HeGe3neunimmmu € repOinuau:
amikap0a30H — HaJ3BUYAHO TOKCUYHUHN I BOAOPOC-
Telt Ta Bucokorokcnunuii 1t BBP (I knac); 6inmkitomni-
poH — Han3BUuakiHO TokcnuHui ansa BBP (I kiac) ta
cepeanpoTokcuunuit (11 kmac) st HaYy TJIMBIITNX BO-
nopocteii; migipaymeroder € cepenHboToKCHIHUM (11
KJIac) sIK JUIS BOJIOPOCTEH, Tak i 1yt BBP.

6. 3a pyXJIMBICTIO Y TPYHTI aMikap0a30H € MOOUTLHUM
(I xi1ac), migidymeroder — mano mooitsHUM (IV Kiac),
PYXJIUBICTH OIIUKIIONIPOHY KOJUBAETHCS y IIHUPOKOMY
niana3oHi: Bix ayxe moOinpHUIE (I Kac) mo mano mMo-
oinpHUi (IV k1ac) B oOkpeMux IrpyHTax. 3a KOHCTaHTOO
Ienpi, yci gociiKyBaHi pe4OBHHU € HeJeTKHUMU. Bera-
HOBJICHO, 110 MPOBIIHOIO JIAHKOKO MIrparii y TOBKIJII
amikap0a30Hy, OIUKIOMIPOHY Ta HigipaymeTodeHy €
CUCTEMa «IPYHT — BOJIa BOIOWM» Ta y pasi mimidayme-
TO(hEeHy — TAKOXK CIPYHT — POCITHHID.

KonduiikT inTepeciB. ABTOpH 3asIBIAIOTH PO Bif-
CYTHICTb KOH(JIIKTY iHTEpeCiB.
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IKOJOTIO-TUT MEHUYECKAS OITEHKA HOBBIX MECTUIUJIOB JIJISI XUMWYECKOM 3AIIATHI
3EPHOBBIX 3JIAKOBBIX KYJIBTYP

Kopmyn M.M., Maptusinosa 10.B.
Hayuonanvnviii meouyuncrkuil ynusepcumem umenu A.A. bocomonvya, Kues, Yxkpauna

ulia.martianova@gmail.com

AKTYyaJIbHOCTb. VcI101p30BaHNe NECTULMIOB B HAPOAHOM XO35IMCTBE Al YHUUTOXKEHUS WM MOJABICHUS POCTa BPEIHBIX pacTe-
HHH{ M 3aIIHATHI CEIbCKOXO3IHCTBEHHBIX KYJIBTYp OT BO30OyauTenei Gone3Hell mpeaycMarpruBaeT o0s3aTeIbHYI0 OLEHKY HX YKOJIOTO-TH-
THEHUYECKOH OIMacHOCTH.

Ienn: omeHKa OMAaCHOCTH TPEX HOBBIX MECTHIUIOB JUIS 3AIUTHI 3¢PHOBBIX 3JIAKOBBIX KyJIBTYp: aMHKapOa3oHa M3 XHMHYECKOTO
KJacca TPUA30JI0HOBBIX COEAMHEHMH, OMIMKIONMPOHA U3 Kilacca TPUKETOHOB M muaudirymerodeHa u3 knacca kKapOOKCaMUAOB, MO
TOKa3aTessIM SKOTOKCHYHOCTH U MOBEJICHUS B OKPYXKAIOILEH cpeie.

Marepuansl 1 MeToaAbl. OLICHKY OIAaCHOCTH UCCIIELYEMbIX NECTHLU/IOB OCYIECTBIIM HA OCHOBAHUH JIAHHBIX HCTOYHUKOB HH(OP-
Maruu 00 MX (HU3MKO-XMMHYIECKUX CBOICTBAX, apaMeTpax TOKCHKOMETPHH ISl Pa3IMYHBIX BHIOB JKUBBIX OPIaHM3MOB U IOBEICHUN
B OKpYy»Karomei cpeze. [l MHTerpanbHO OIeHKH MOTEHINAIBHON OIMACHOCTH JUIS Ha3eMHBIX 9KOCHCTEM OBUT PACCUMTaH €KOTOKC C
YYETOM TOKCHYHOCTH JUISl MIICKONIUTAIOIINX, TEPCUCTCHTHOCTH U MaKCHMaJIbHOW HOPMBI pacxofa. J{yisl BEISABICHHS TUMHTHPYIOIIOTO
3B€Ha MUTPAIUHU OCYIIECTBIEHO MaTEMaTHYECKOE MO/ICTUPOBAHUE B CHCTEMAX «II0YBA — BOJA», IIOYBA — PACTEHUS» U «I109YBA — aTMOC-
(hepHBIt BO3LYX».

Pe3yabTarhl. YcTaHOBICHO, YTO aMUKapOa30H SBIISETCS YPEe3BbIYaiHO TOKCUYHBIM Ul BOLOPOCIEH U BBICOKOTOKCUYHBIM /ISl BBIC-
mmx BogHbIX pactennit (BBP) (I kirace onacHoctn), cpennerokcnynbM (IV kinacce) st mitekonuTaromux, craboroxkenansiM (111 kimacc)
JUISL TITULL, TTOYBEHHOH Me30(ayHbl U O€CIIO3BOHOYHBIX, TPAKTHUECKA HETOKCHYHBIM JUIS ITUelT ¥ PBIO; OMITMKIIONHUPOH — YPE3BBIYAITHO
tokcnueHblit st BBP (I knmace) u cpenneroxenunbiii (11 ximace) anst Hambosee 4yBCTBUTENBHBIX Bomopocieid, cnadorokcuunbiit (111
KJIacc) AJIs ITHLL, PHIO 1 OECIIO3BOHOYHBIX M MIPAKTUIECKH HETOKCHYHBIN IS IPYTHX MPEACTABUTENEH Ha3eMHOH (ayHbl; MUAN(DIyMEeTO-
(hen saBisteTCs BEICOKOTOKCHYHBIM (I Kitace) it peIO 1 6ecrio3BOHOUHBIX, cpeHeTokcnuHbIM (11 Kimacc) kak At Bonopocieil, Tak u amst
BBP, npaktiuecku HETOKCHUHBIM st Bcel Ha3eMHOM OHOTHI. [loka3aHo, 4To nuaniyMeTopeH — BHICOKOCTOMKUI U MalIoMOOMITBHBIH
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B TI0YBE; aMHUKapOa30H — CTOMKHII N MOOMJIBHBII; OUIIMKIONUPOH — BEICOKOCTOWKHUI B TaOOPaTOPHBIX ONBITAX M YMEPEHHO CTOMKHUI
B TIOJIEBBIX OTMBITAX, €TO MOABIKHOCTH KOJIEONETCsI B MIMPOKOM AMana3oHe: OT 04eHb MOOMIBHOTO 1O MaJOMOOHMIBHOTO B OTAETBHBIX
nouBax. OnacHOCTh AJIsl HA3EMHBIX OMOIIEHO30B BCEX MCCIEYEMBIX TIECTUIU/IOB ITPU PA3TUIHBIX TOYBEHHO-KINMATHIECKUX YCIOBUAX
Hike Ha (1-5) nopsiakoB 1o cpaBHeHHIo ¢ BbicokocToiikum JI/IT; camoii HU3KOM SIBIISIETCS] IKOTOKCHYHOCTD OUIIMKIIONMPOHA, BBICOKOH —
mdirymerodena. Bee mcciieryembre BemecTBa sSBISIOTCS] BRICOKOCTOWKMMY B BOZie. BeayIyM 3BeHOM NX MUTPAIMU B OKPYXKAIOIIEeH
cpejie SBISIeTCS CHCTEMA «IT0YBAa — BOJIAa BOJJOEMOBY U B CiIydae MuaudiryMeToeHa — Takke «I109Ba — PACTCHHS.

KoioueBsbie €/10Ba: MECTUINABL, SKOTOKCHYHOCTh, CTAOMIBHOCTD, MUTPANHs, OI[CHKAa ONMACHOCTH.

ECOLOGICAL AND HYGIENIC ASSESSMENT OF NEW PESTICIDES FOR GRAIN CEREALS
CHEMICAL PROTECTION

Korshun M.M., Martiianova Y.V.
Bogomolets National Medical University, Kyiv, Ukraine

ulia.martianova@gmail.com

Relevance. The use of pesticides in the national economy is to destroy or inhibit the growth of harmful plants and to protect crops
from pathogens requires a mandatory assessment of their environmental hygienic hazard.

Objective of our study is to assess the hazards of three new pesticides for cereal grains protection: amicarbazone from the chemical
class of triazolinone compounds, bicyclopyrone from the class of tricetones and pydiflumetofen from the class of carboxamides, in terms
of ecotoxicity and environmental behavior.

Materials and methods. Hazard assessment of amicarbazone, bicyclopyrone and pydiflumetofen was performed on the basis of
data sources on their physico-chemical characteristics, toxicometry parameters for different species of living things and indicators of
environmental behavior. For potential hazards integral assess for terrestrial ecosystems an ecotox was calculated taking into account
mammalian toxicity, persistence and maximum rate consumption. To identify the limiting section of migration, the mathematical
modeling was performed in the systems “soil-water”, “soil-plants” and “soil-atmospheric air”.

Results. Amicarbazone has been shown to be extremely toxic to algae and highly toxic to higher aquatic plants (HAP) (hazard class
I), moderately toxic (class IV) to mammals, mildly toxic (class III) to birds, soil mesofauna and invertebrates, virtually non-toxic to bees
and fish; bicyclopyrone - extremely toxic to HAP (class I) and moderately toxic (class II) to the most sensitive algae, mildly toxic (class
III) to birds, fish and invertebrates and virtually non-toxic to other terrestrial fauna; pydiflumetofen is highly toxic (class I) to fish and
invertebrates, moderately toxic (class II) to algae and HAP, virtually non-toxic to all terrestrial biota. Pydiflumetofen has been shown
to be a highly resistant and poorly mobile in soil; amicarbazone is stable and mobile; bicyclopyrone is highly resistant in laboratory
experiments and moderately stable in field experiments, its mobility varies in a wide range: from very mobile to less mobile in some
soils. The danger for terrestrial biocenoses of all studied pesticides under different soil and climatic conditions is lower by (1-5) orders
of magnitude in comparison with DDT; the lowest is the ecotoxicity of bicyclopyrone, the highest — pydiflumetofen. All test substances
are highly stable in water. The leading section of their migration in environment is the system “soil — water of ponds” and in case of
pydiflumetofen — “soil — plants” as well.

Key words: pesticides, ecotoxicity, stability, migration, hazard assessment.
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Relevance. Kabuki Makeup Syndrome (KS) is a rare monogenic genetic disease characterized by multiple malformations. The
phenotype includes specific facial features, skeletal and dermatoglyphic abnormalities, mental retardation, short stature. Most cases are
associated with de novo mutations in the KM72D and KMD64 genes. However, in 25% of patients with KS, the genetic basis remains
unknown, which indicates the genetic heterogeneity of the disease and encourages further accumulation of clinical experience in KS.
The article summarizes current data on the molecular genetici aspects of the development of Kabuki Makeup Syndrome and describes
its own clinical case of Kabuki Makeup Syndrome Type 1.

Objective: to summarize the data on modern molecular-genetic aspects of the development of Kabuki makeup syndrome on the
example of a clinical case.

Materials and methods. Analysis of scientific publications in the international electronic scientometric database Scopus, PubMed
by keywords. Search depth — 15 years (2007-2021). The clinical case of Kabuki Makeup Syndrome from our own practice. Clinical and
genealogical, molecular-genetic, cytogenetic, instrumental research methods.

Results. According to current data, the development of Kabuki Makeup Syndrome is due to mutations in the KMT2D (MLL2) gene,
which belongs to the genes that control embryogenesis. KMT2D functions as a promoter of the expression of other genes and the KDM6A4
gene; encodes a large multidomain protein that interacts with the SET1/COMPASS complex. KDM6A4 is a cofactor physically associated
with the KMT2D-COMPASS complex and exhibits demethylase activity in histone 3. Gene mutations KM72D and KDMG6A associated
with KS lead to a lack of functioning of the corresponding enzyme, which leads to impaired methylation of histones and active genes
in many organs and tissues of the body. Depending on the type of mutation in the KMT2D and KMDG6A genes, there are two types of
Kabuki Makeup Syndrome. KS type 1 with autosomal dominant type of inheritance due to pathogenic mutations in the KMT2D gene in
a heterozygous state on chromosome 12q13.12. 70% of patients have KS1. Type 2 KS is an X-linked disease that develops as a result
of a heterozygous pathogenic mutation in the KDM6 gene. In most cases, KS mutations are sporadic, but families with parent-to-child
transmission have been described. In patients with phenotypic signs of KS pathogenic mutations are detected in 75% of cases. Patho-
genic mutations in the KMT2D gene can be detected in mosaic form, and the carrier can pass this mutation on to offspring. Pathogenic
mutations have not been described in phenotypically healthy people.

Here is our own observation. The girl with a combined congenital heart defect and multiple stigmas of dysembryogenesis was born
at 36 weeks with a weight of 2930, 49 cm long, on the Apgar scale 8/8 points from the third planned pregnancy in parents who already
had an older healthy boy. In connection with multiple malformations, the girl underwent a syndromic diagnosis using the program «Face-
2gene»; Kabuki Makeup Syndrome is suspected. Molecular genetic analysis revealed a pathogenic mutation (c.11884C>T) (p.GIn3962%*)
in the KMT2D gene, which is associated with autosomal dominant Kabuki Makeup Syndrome of type 1 (MedGen UID: 8§93727).

Conclusions. Kabuki Makeup Syndrome has clinical and molecular polymorphisms. Most of the registered KMT2D mutations occur
de novo and occur in episodic cases. The described case demonstrates the molecular-positive Kabuki Makeup Syndrome of type I. The
identified variant ¢.11884C>T(p.GIn3962%*) in the KMT2D gene is associated with the autosomal dominant Kabuki Makeup Syndrome
(MedGen UID: 893727). Verification of the diagnosis of the disease and prevention of KS in siblings is based on the results of molecular
genetic analysis. The prognosis of this disease depends on the severity of heart disease and intellectual impairment. Early diagnosis de-
termines the type and timing of therapeutic interventions, is crucial for medical and genetic counseling of the family.

Key words: Kabuki Makeup Syndrome, specific facial features, KMT2D and KMD6A genes mutations.

Relevance. Kabuki Makeup Syndrome (KS) or Niika-
wa-Kuroki Syndrome (OMIM 147920) is a rare genetic
disease characterized by phenotypic traits, speech retar-
dation, and autistic symptoms. The syndrome was first
described by Japanese doctors N. Niikawa et al. and Y.
Kuroki et al. in 1981. They identified the main clinical
and phenotypic features: specific facial features, skeletal

abnormalities, mental retardation, growth deficit, dermato-
glyphic abnormalities. Due to the presence of phenotypic
facial features that resemble the appearance of actors of the
Kabuki Theater, the disease was called «Kabuki Makeup
Syndrome». The prevalence of KS in Japan is 1:32 000,
in Western countries - 1:86 000 [1, 2]. The onset of the
syndrome is associated with mutations in the KMT2D and
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KMD6A genes. Pathogenic and non-pathogenic mutations
in the KMT2D and KDM6A genes have been described
in the literature [3]. In patients with phenotypic signs of
KS pathogenic mutations are detected in 75 % of cases.
Pathogenic mutations have not been described in pheno-
typically healthy people. Small deletions or insertions,
nonsense and missense mutations, shift of the reading
frame are described as the reason of development of the
disease, some of them are pathogenic, some of them are
of unknown clinical significance. In 25 % of patients with
KS, the genetic basis remains unknown, which indicates
the genetic heterogeneity of the disease and encourages
further accumulation of clinical experience [4-8].

Objective: to summarize the data on modern molecu-
lar-genetic aspects of the development of Kabuki makeup
syndrome on the example of a clinical case.

MATERIALS AND METHODS

Analysis of scientific publications in the international
electronic scientometric database Scopus, PubMed by
keywords. Search depth — 15 years (2007-2021). The
clinical case of Kabuki Makeup Syndrome from our own
practice. Clinical and genealogical, molecular-genetic,
cytogenetic, instrumental research methods.

RESULTS AND DISCUSSION

According to current research, the etiopathogenesis
of the disease is associated with mutations in the KMT2D
gene (also known as MLL?2), which belongs to the family
of mixed-cell leukemia genes required for embryogen-
esis and functions as a promoter of other genes and the
KDMG6A gene. KMT2D encodes a large multidomain
protein that interacts with the SET1/COMPASS com-
plex. KDM64A is a cofactor physically associated with
the KMT2D-COMPASS complex and exhibits demeth-
ylase activity in histone 3. Together, the components of
the KMT2D-COMPASS complex remove inhibitory epi-
genetic labels and add activating labels, namely mono-,
di- or trimethylation of histone 3. Depending on the type
of mutation in the genes that cause KS, there are two
types: KS type 1 with autosomal dominant (AD) type
of inheritance, which is caused by heterozygous patho-
genic mutations in the KMT2D gene on chromosome
12q13.12 and KS type 2 — X-linked disease that develops
as a result of a heterozygous pathogenic mutation in the
KDM6 gene. In most patients (70 %) register KS1. Gene
mutations KMT2D and KDM6A associated with KS, lead
to a lack of functioning of the corresponding enzyme,
which leads to impaired methylation of histones and
activation of specific genes in many organs and tissues
of the body. In most cases, KS mutations are sporadic,
but families with parent-to-child transmission have been
described. Pathogenic mutations in the KMT2D gene can
be detected in a mosaic form, and the carrier can pass this
mutation to offspring [4, 5, 8-11].

Various cytogenetic abnormalities have been de-
scribed in patients with clinically established KS, which
includes an annular X chromosome, translocations, in-
versions, duplications [8, 10, 11].

At KS there are mutations-negative and muta-
tions-positive patients. Phenotypic signs of the disease
in mutation-negative and mutation-positive patients do
not different [4, 8, 10, 11].

The phenotype of children with KS includes micro-
cephaly, arched eyebrows with thickening to the center/
thinning of the lateral part, wide nose, hypertelorism,
elongated eye slits, antimongoloid incision of the eyes,
long thick eyelashes, ectropion of the lateral part of the
lower eyelid and short, short low-set auricles, microg-
nathia, thin upper lip, gothic palate and/or cleft palate,
abnormalities of the teeth with the formation of a false
bite, low hair growth on the back of the head, hyper-
elastic skin, hirsutism, skin pigmentation disorders, nail
dysplasia [ 1-3, 6].

Among the skeletal anomalies in KS, the most com-
mon are anomalies of the sutures of the skull, spine and
vertebrae, shoulders and ribs, hands, dislocations/subdis-
locations of the joints. KS is characterized by postnatal
growth retardation that develops during the first years of
life. By 6-10 years, some patients develop obesity. Delayed
speech development in patients with KS occurs in 100 %
of cases. Intellectual deficit from mild to moderate. Cases
of autism-like behavior in children with KS have been
described. Among neurologic displays muscular hypoten-
sion, coordinating disturbances, a delay of development of
stato-kinetic skills can be observed. Neuroimaging reveals
ventriculodilation of the lateral ventricles, hypoplasia of
the corpus callosum, hypoplasia of the adenohypophysis.
Seizures occur in 36-45 % of cases at any age, more often
in girls. Ophthalmic findings include ptosis, strabismus,
nystagmus, paralysis of the afferent nerve, microphthal-
mia. Features of dermatoglyphics — high fetal pads on the
fingertips, increasing the ulnar radius, increasing the radius
of the hypotenuse, the absence of the finger triradius — the
only difficult on the palm. With corticosteroids can be
defects of the kidneys and urinary tract, genitals, gastroin-
testinal tract, ENT organs, cardiovascular system, various
hernias. In 40-50 % of cases, congenital heart defects
(CHD) are diagnosed (defects in the valves or membranes
of the heart, coarctation of the aorta, transposition of large
vessels). Children with SK are prone to bronchopulmonary
diseases with a prolonged course. Endocrine pathology is
represented by hypothyroidism, diabetes, hypoglycemia or
diabetes mellitus, late puberty, pituitary dwarfism. At KS
the immune status is broken. There is a decrease in serum
immunoglobulin classes (80 % — IgA deficiency), due to
the fact that the genes KMT2D and KDM64 are involved
in epigenetic regulation and affect the development of
immunocompetent cells [1-3, 6-9].

Here is our own observation of early diagnosis of KS
in a child. Girl O., born in 2019, was born from the third
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desired and planned pregnancy, which took place against
the background of the threat of miscarriage, polyhy-
dramnios, hypothyroidism. The older brother is healthy
from the first pregnancy. The second pregnancy ended
in miscarriage in early pregnancy. The third pregnancy
occurred against the background of drugs that promote
conception. ATC in the fetus was diagnosed at 20 weeks
of gestation.

Heredity through the mother is burdened with cardio-
vascular and oncopathological pathology; great-grand-
mother on the mother’s line suffers from diabetes. He-
redity on the paternal line is burdened by oncopathology;
grandfather suffers from diabetes. Both parents suffer
from hypothyroidism.

The baby was born at 36 weeks of gestation with a
weight of 2930, length 49 cm, Apgar scale 8/8 points.
Due to severe congenital heart disease (CHD), immedi-
ately after birth, the child was transferred to the Depart-
ment of Pediatric Cardiology and Cardiac Surgery in
Kyiv for examination and surgical treatment. Parents re-
fused surgical treatment after reviewing the possible risks
of surgical treatment and long-term prognosis. The child
was transferred to the neonatal pathology department in
Chernivtsi. The condition on admission was considered
severe, which was due to the combined CHD and feed-
ing problems. She was fed through a tube. Reflexes are
suppressed, the tone of muscles is lowered. The crack
of a soft palate is noted. Tissue turgor is reduced. Heart
tones are rhythmic, loud, systolic murmur along the left
edge of the sternum. The abdomen is soft, painless on
palpation. The liver protrudes 2 cm from under the costal
arch. Defecation without abnormalities.

The child was consulted by a geneticist, revealed
multiple developmental abnormalities (CHD, cleft pal-
ate, protruding ear shells, arched eyebrows, long oblique
eye slits, blue sclera, epicanthus, ectropion of the lower
eyelids, wide tip of the nose, hand, hypothyroidism),
dysplasia of the hip joints, muscular hypotension, de-
layed stato-kinetic development. Syndromological di-
agnostics was performed using the diagnostic program
«Face2gene»; Kabuki Makeup Syndrome is suspect-
ed; molecular genetic testing is recommended to ver-
ify the diagnosis. Molecular genetic analysis revealed
a pathogenic mutation (c./1884C>T)(p.GIn3962%*) in
the KMT2D gene, which is associated with autosomal
dominant Kabuki Makeup Syndrome of type 1 (MedGen
UID: 893727).

The child is offered registration of the status «Child
with a disability»; observation in dynamics by a pediat-
ric cardiologist, pediatric neurologist and geneticist is
recommended.

CONCLUSIONS

Kabuki Makeup Syndrome has clinical and molec-
ular polymorphisms. Most of the registered KMT2D

mutations occur de novo and occur in episodic cases.
The described case demonstrates the molecular-posi-
tive Kabuki Makeup Syndrome of type 1. The identified
variant ¢. [1884C>T(p.GIn3962%*) in the KMT2D gene is
associated with the autosomal dominant Kabuka makeup
syndrome (MedGen UID: 893727). Verification of the
diagnosis of the disease and prevention of KS in siblings
is based on the results of molecular genetic analysis.
The prognosis of this disease depends on the severity of
heart disease and intellectual impairment. Early diagnosis
determines the type and timing of therapeutic interven-
tions, is crucial for medical and genetic counseling of
the family.
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MOJIEKYJIAPHO-TEHETUYHI ACIIEKTH CUHAPOMY I'PUMY KABYKI. Oraspg
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Axtyaabhicts. Cunapom rpumy Kabyki (KC) — ne piakicHe MOHOTEHHE TeHETHYHE 3aXBOPIOBAHHS, IO XapaKTEPU3YETHCSI MHO-
JKUHHUMH BaJIaMH pO3BHUTKY. DEHOTHIT BKITIOUAE crienridHi pUCH 0OIHYYs, CKEIETHI Ta JepMaTorTi(iuHi BIAXMICHHS, pO3YMOBY Biji-
CTaJiCTh, HU3bKHUH 3picT. BimburicTs BUmaakiB mos’si3ani 3 Myrauismu de novo y renax KMT2D ta KMDG6A. Onunak y 25 % nanieHTis
3 KC renernyHa oCHOBa 3aJIMIIAETHCS HEBIJIOMOIO, IO CBIAYHUTH PO FEHETHYHY I'€TepPOTreHHICTh 3aXBOPIOBAHHS Ta CIIOHYKA€E JIO I10-
JTANTBIIIOTO HAKOTUTEHHS KiTiHigHOTO nocBimy KC. B crtarTi y3aranpHeHi cydaci JaHi 00 MOJIEKYISPHO-TEHETHYIHUX aCMIEKTiB PO3BUTKY
cungpomy rpumy KaOyki ta onmcan BlnacHMi KIiHIYHUN BUNIA0K cHHApoMy rpumy KaOyki I Tuy.

Iinb: y3araabHATH AaHi PO CydacHi MOJIEKYJIIPHOI-TeHeTHYHI aCeKTH PO3BUTKY cHHIpoMy rpuMy KaOyki Ha nmpukiazai KiiHig-
HOT'O BHITQJIKY.

Marepianu Ta Meroau. AHani3 myOuikaniif 3 MiKHAPOIHUX HAYKOMETPUYHUX eNEeKTPOHHUX 06a3 Scopus, PubMed 3a kioqoBumn
cioBamu. ['munbuHa nomryky — 15 pokis (2007-2021). Kniniunuii Bunanok cuaapomy rpumy Kabyki 3 BracHoi npaxruku. KiiHiko-rene-
QJIOT14HI, MOJICKYJISIPHO-TEHETHYH1, IUTOTCHETHYHI, IHCTPYMEHTAJIbHI METOIH JI0CITiHKEHHS.

Pe3yabTaTun. 3a CyyacHUMHU IaHUMH, PO3BUTOK CHHApoMy rpumy KaOyki oOymoBnenuid myTanismu reny KMT2D (MLL2), sixuit
HaJISKHUTBH 10 TeHIB, 10 KOHTPOJIIOIOTE eMOpiorene3. KMT2D ¢yHKIIOHY€ SK IIPOMOTOp ekcripecii iHmmx reniB ta reny KDMO6A; xoxye
BEJIMKUI MYJITBTHIOMEHHUH MPOTETH, 1m0 B3aeMoie 3 koMruiekcoM SET1/COMPASS. KDM6A € xodaktopoM, Gi3HIHO MOB’S3aHUM i3
komiuiekcoM KMT2D-COMPASS, Ta nposiBiisie JeMeTuIa3Hy akTHBHICTB B ricToHi 3. ['enni myrauii KMT2D ta KDM6A, noB si3aHi i3
KC, npu3BoasTh 10 BiICyTHOCTI (D)YHKIIOHYBAaHHS BiIIOBIIHOTO (hepMEHTY, IO MPUBOIUTE 10 ITOPYIICHHS METHIIOBAHHS TICTOHIB Ta
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akTHBaIlil cnenniYHUX TeHiB y 0araTbox opraHax Ta TKaHMHAX OpraHi3My. 3alIe)kKHO Bija BUIy MyTamii B reHax KMT2D ta KMDO6A,
BUUIIOTH 7Ba THITH cuHapomy rpumy KaOyki. KC 1-ro Tumy 3 ayToCOMHO-OMIHAHTHUM THIIOM yCHaKyBaHHs, 00yMOBJICHHH aTo-
TeHHUMHU MyTauismi B reni KMT2D B rerepo3urorHoMy crati Ha xpomocomi 12q13.12. YV 70 % xBopux BusiBisitors KC1. KC 2-ro Ty
— X-34eruieHe 3aXBOPIOBAHHS, 10 PO3BUBAETHCS B PE3YJIBTaTi FETEPO3UTOTHOT MAaTOreHHOT MyTallii B redi KDM6. Y 0inbIIocTi BUNIaIKiB
KC wmyrTatii € ciopaqiyHIMH, OHAK OMUCAHI POAMHM 3 Mepeaveio 3aXBOPIOBAHHS Bifl 0aThKiB /10 [iTeil. Y XBOpHUX 3 (EHOTHIIOBUMU
o3nakamu KC marorenni myTauii BUsSBISIIOTH B 75 % Bunazkis. [latorenni myrauii B reni KMT2D MoxyTb OyTH BUSIBJICHI B MO3aTuHil
(hopmi, a HOCIH MO>KE MIepeIaTh 10 MyTaIlifo Hamaakam. [laroreHeHHi MyTaiii He onucaHi y (PEHOTHUIIOBO 3[JOPOBUX JIFONCH.

HaBozumo BiacHe crioctepexeHHs.. J{iBuMHKa 3 KOMOIHOBAHOIO YPO/DKEHOO BAJIOI0 CEpIs Ta MHOKMHHUMH CTUTMaMHU InM3eMOpioreHesy
Hapomuiachk Ha 36 TrokHi 3 Baroro 2930, norxuHO0 49 cM, 3a mkasior Anrap 8/8 daiis Bij I11 mmaHoBaHOT BariTHOCTI y OaThKiB, SIKi BXKE MAJIH
CTapIIIOTO 30POBOTO XJIOMIMKA. Y 3B’A3Ky 3 MHOXKHHHUMH BaJ[JAMH PO3BHUTKY AIBYMHII OyJI0 MPOBEACHO CHHAPOMOJIOTIUHY JIIarHOCTUKY 32
nonomororo nporpamu «Face2genex; 3amigo3penuii cuHapoM rpumy Kadyki. MoneKysIpHO-TeHeTHIHH#T aHali3 BUSBHB MAaTOTEHHY MYTALlifo
(c.11884C>T(p.GIn3962%*) y reni KMT2D, sikuii acOL{IOETHCS 3 Ay TOCOMHO-JIOMiHaHTHUM cuHpoMoM Kabyxki 1 Tuiry (MedGen UID: 893727).

BucnoBku. Curnpom rpumy Kalyki Mae KIHIYHHI Ta MONEKYISpHUIA oaiMop¢izM. bibiicTs i3 3apeecTpoBanux myTamii KMT2D
BUHHKAIOTh de Nnovo i 3ycTpivaloThes B €Mi30AnYHNX BUNaakax. ONUCaHni BUIIAI0K JEMOHCTPY€E MOJICKY/IIPHO-IIO3UTHBHUI CHHIIPOM
rpumy KaOyki I tumy. Inentndikosannit Bapiant c¢.11884C>T(p.GIn3962%*) y reni KMT2D acouilo€ThCsl 3 ayTOCOMHO-JIOMIHAHTHHM
cunapomoM rpumy Kabyxi (MedGen UID: 893727). Bepudixaris giarno3y 3axBoproBanHs Ta mpoginakrrka KC y cubciB mpoBoauThes
Ha OCHOBI pe3yJIbTaTiB MOJICKYIISIPHO-TeHETHYHOTO aHai3y. [[pOrHo3 3aXBOPIOBAHHS MTPH i MATONOTT 3aJIeKUTH BiJ] TKKOCTI YpakeHb
ceplis Ta MOMIKO/UKEHHS iHTeNIeKTy. PaHHS iarHOCTHKA BU3HAYAE TUIT Ta TEPMiHHM TEPAIIEBTUHYHHUX BTPyUYaHb, MAa€ BUPIlIaIbHE 3HAYCHHS
JUISL METUKO-TeHETHYHOTO KOHCYIBTYBAHHS POAUHH.

KurouoBi cioBa: cunapom rpumy KaOyki, cienmdiuni pucu odnuyust, myrauii renis KMT2D, KMDGA.
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AxtyanasHocTh. Cuaapom rpuma Kabyku (KC) — 910 penkoe MOHOTE@HHOE TeHeTHdecKoe 3a00ieBaHne, XapaKTepu3yIomeecs: MHO-
JKECTBEHHBIMH IIOPOKaMH pa3BUTHsA. DEHOTHI BKIIFOYAeT criel(pMuIecKre YepThl JINLA, CKEIETHbIE U AepMaTONTH(UICCKIE OTKIOHEHUS,
YMCTBEHHYIO OTCTAJIOCTh, HU3KUI POCT. BombIIMHCTBO ciydaeB cBs3aHbI ¢ MyTanusiMu de novo B rerax KMT2D n KMD6A. OnHako y
25% maumentoB ¢ KC reneTnyeckasi OCHOBa OCTASTCsl HEU3BECTHOI, YTO CBUJIETEIBLCTBYET O TeHETHYECKOH reTepOreHHOCTH 3a00JIeBaH s
U MoOy>K/1aeT K JambHEeHIIeMy HakoIieHus knHrdIeckoro onbita KC. B cratse 000011eHBI COBpEMEHHBIE JAHHBIE IO MOJIEKYIISIPHO-TEHE-
THYECKHUM acrieKTaM pa3BUTHsI CHHJpoMa rpuma KaOyku 1 ormcan coOCTBEHHBII KIIMHUYECKUH ciry4ail cuapoma rpuma Kabykwu I tnma.

Henb: 0600IHUTH JaHHBIE O COBPEMEHHBIX MOJIEKYISIPHO-TEHETUYECKUX aCTIEKTaxX pa3BUTHs cuHapoma rpuma KaGyku Ha mpumMepe
KIMHIYIECKOTO CITydast.

Marepuaiabl 1 MeTOAbI. AHAIN3 MyOIUKALUKE U3 MEXKIyHApPOIHBIX HAYKOMETPHYECKUX JJIEKTPOHHBIX 6a3 Scopus, PubMed no
KITFOYeBBIM ciioBaM. [iryOuna moncka — 15 et (2007-2021). Knuandeckuii cydaii cuapoma rpuma KaGyku n3 cOOCTBEHHOM MPaKTHKH.
Knunuko-reneanorndyeckue, MoaeKyIsIpHO-TeHETUUECKHUE, [IUTOT€HETHYECKHUE, HHCTPYMEHTAJIbHBIC METO/bl HCCIIEA0BAHUS.

Pe3syabTarsl. [lo cCOBpeMEHHBIM JaHHBIM, pa3BUTHE cHHApoMa rpuMa KaOykm oOycnmosieno mytamusimu reHa KMT2D (MLL2),
KOTOPBIH OTHOCHUTCS K T€HaM, KOHTPOJIUPYIOIUM dMOprorene3. KMT2D hyHKINOHHPYET Kak IPOMOTOP IKCIIPECCHH IPYTHX TEHOB U
reHa KDMG6A; xonupyeT GO0 MyJIBTHIOMEHHBIN POTeHH, B3anmoencTByer ¢ kommiekcom SET1/COMPASS. KDMO6A sBnsetcs
Ko(hakTopoM, Ppu3HUecKH cBsa3aHHBIM ¢ koMIuiekcom KMT2D-COMPASS, u nmposiBiisieT JeMeTHIa3Hy 0 aKTUBHOCTh B TUCTOHE 3. [eH-
Hble Mmytauun KMT2D n KDMG6A, csi3anubie ¢ KC, 4To MPUBOIUT K OTCYTCTBHIO (PyHKIIMOHUPOBAHUS COOTBETCTBYIOIIETO (hepMeHTa,
MPUBOJNUT K HAPYIICHUIO METUINPOBAHNS THCTOHOB M aKTHBAIMH CHENU(PUIECKIX TEHOB BO MHOTHX OpraHaxX M TKaHIX opraHmsmMa. B
3aBUCHMOCTH OT BHAa MyTaiuu B renax KMT2D n KMDG6A, Beinensitor 1Ba tuna cuaapoma rpuMa Kadykn. KC 1-ro tuma ¢ ayrocom-
HO-JTOMWHAHTHBIM THIIOM HACJI€0BaHMUs, 00yCIIOBIEH MAaTOTeHHBIMU MyTallusMU B reHe KMT2D B TeTepo3uroTHOM COCTOSTHUH Ha XPO-
Mocome 12q13.12. Y 70 % 6onbubIx 06HapyxuBatoT KC1. KC 2-ro tuma — X-creruieHHoe 3a00JIeBaHIe, Pa3BUBAIOIICECS B PE3yibTaTe
reTepO3UroTHON MaTOreHHo Mytanuu B reHe KDM6. B 6onpmnHcTBe ciaydaeB KC myTanuu sBIsSIOTCS CIOpajiddyeCcKUMHU, OHAKO OIU-
CaHBI CEMBH C TIepeaueii 3a0omeBanus OT poauTeneil k AeTsM. Y 00IbHBIX ¢ peHoTHIHIecKkuMu pu3HakamMu KC maTtoreHHsie My TaIun
obHapyxuBaroT B 75 % ciyuaes. [latorennsie Mytanuu B rene KMT2D MoryT ObITH 0OHapy»KeHBI B MO3an4HOI (opMme, a HOCUTENb
MOJKET TepesiaTh 3Ty MyTALHUIO TOTOMKaM. [laToreneHHbIe MyTalluy HEe OMHUCAHbl Y (PEHOTUITMYIECKH 370POBBIX JTIONEH.

IIpuBomumM coGcTBeHHOE HabMIONEHHE. J[eBouka C KOMOMHHPOBAHHBIM BPOXKICHHBIM TOPOKOM CEp/Illa 1 MHO>KECTBEHHBIMU CTHTMa-
MH u33MOproreHesa poaunack Ha 36 Heznene ¢ Becom 2930, mmHoii 49 cm, no mkane Anrap 8/8 6ayutos ot 111 mranupyemoit 6epemen-
HOCTH y POZUTEIICH, KOTOPBIE y’Ke NMENN CTapIIero 370pPOBOrO MAIBIHKa. B CBS3HM ¢ MHOXXECTBEHHBIMH ITOPOKAaMHU Pa3BUTHS JICBOUKE
OblIa MpoBeAeHa CHHIPOMOJIOTHYECKasl JUAarHOCTHKA C ITOMOIIBI0 Tporpammbl «Face2geney; 3amono3pen cuHapom rpuma KaOykwu.
MornekynapHO-TeHeTHYEeCKUI aHAIH3 BBISIBIII NATOTCHHYIO MyTanuio (c./1884C> T (p.GIn3962 *) B rene KMT2D, KOTOPBIi acCOLUH-
pyeTcs ¢ ayTOCOMHO-IOMHHAHTHBIM cuHApoMoM Kabyku 1 tuna (MedGen UID: 893727).

BeiBoabl. Cunipom rpuma Kabykn nmeer KIMHUYECKUit 1 MOTEKYISPHBIH TOTMMOP(U3M. BONBIINHCTBO U3 3apErUCTPUPOBAHHBIX
myTanuit KMT2D Bo3HHKArOT de NOVO M BCTPEUAIOTCS B SMHU30ANYECKUX Cirydasx. ONHCaHHBIN CITydail TEMOHCTPUPYET MOJEKYIIp-
HO-TIOJIOKUTENbHBIA cuHapoM rpuMa Kabyku I tuna. Vpentuduumposanusiii Bapuant c./1884C> T (p.GIn3962 *) B rene KMT2D
ACCOIMUPYETCS C ayTOCOMHO-IOMUHAHTHBIM cuHApoMoM rpumMa Kabykn (MedGen UID: 893727). Bepudukauuns quaraosa 3a0oneBaHus
n nnpodunakrrka KC y cnbcoB mpoBOAUTCSI HA OCHOBE PE3yJIbTaTOB MOJEKYIISIPHO-TeHETHUEeCKoTo aHain3a. [Iporuo3 3aboneBanus npu
9TOMH MATOJIOTUH 3aBUCUT OT TSHKECTH MOPAKEHUH CepAlla U TOBPEXKACHNS NHTEIIEKTa. PaHHAS AMarHOCTHKA OMpEeNsieT THIT U CPOKH
TEpaleBTUUECKUX BMELIATEIbCTB, UMEET PEIIAIOIIee 3HAUCHHUE ISl MEIUKO-TE€HETUYECKOrO KOHCYJIBTUPOBAHUS CEMBH.

KuaroueBbie cioBa: cuanpom rpuma KaOyku, criennduyaeckie 4epTol Iuna, Mytannu reHoB KMT2D, KMD6A.
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Relevance. The current state of medicine is imperfect as in every other field. Some main discrete problems may be separated in
diagnostics and disease management. Biomedical data operation difficulties are a serious limiting factor in solving crucial healthcare
problems, represented in the statistically significant groups of diseases. Accumulation of life science data creates as possibilities as chal-
lenges to effectively utilize it in clinical practice. Machine learning-based tools are necessary for the generation of new insights and the
discovery of new hidden patterns especially on big datasets. Al-based decisions may be successfully utilized for diagnosis of diseases,
monitoring of general health, prediction of risks, treatment solutions, and biomedical knowledge generation.

Objective. To analyze the potential of machine learning algorithms in healthcare on exact existing problems and make a forecast of
their development in near future.

Method. An analytical review of the literature on keywords from the scientometric databases Scopus, PubMed, Wiley. Search depth
7 years from 2013 to 2020.

Results. Analyzing the current general state of the healthcare system we separated the most relevant problems linked to diagnostics,
treatment, and systemic management: diagnostics errors, delayed diagnostics (including during emergencies), overdiagnosis, bureau-
cracy, communication issues, and “handoff” difficulties. We examined details of the convenient decision-making process in the clinical
environment in order to define exact points which may be significantly improved by Al-based decisions, among them: diagnosis of dis-
eases, monitoring of general health, prediction of risks, treatment solutions, and biomedical knowledge generation. We defined machine
learning algorithms as a prospective tool for disease diagnostics and management, as well as for new utilizable insights generation and
big data processing.

Conclusion. Machine learning is a group of technologies that can become a cornerstone for dealing with various medical problems.

But still, we have some problems to solve before the intense implementation of such tools in the healthcare system.
Keywords: machine learning, biomedical data science, healthcare problems, biomedical data processing.

Relevance. Nowadays, information technologies
(IT) have a critical role in almost every field of our
life, including healthcare. The development of the
Biomedical Data Science sphere interconnects with
gathering a significant mass of open electronic health
records, developing new algorithms, and increasing
computing power. Moreover, Biomedicine is one of
the fastest-growing areas of knowledge over the past
30 years. As the statistics on PubMed show, in most
areas of biology and medicine, the number of scientific
articles doubles every few years. A large amount of
data creates as possibilities as challenges, along with
the development of data science allows structuring this
information and, therefore, accesses it faster, using it
more efficiently, generating new insights. It gives the
possibility to solve a wide range of existing problems,
which provides opportunities for both healthcare pro-
viders and patients. Diagnostic uncertainty is a weighty
problem for healthcare providers. This phenomenon

defines as a “subjective perception of an inability to
provide an accurate explanation of the patient’s health
problem” [1]. According to the meta-analyzes article
published in 2020, at least 0.7% of adult admissions
involve a harmful diagnostic error [2]. Diagnostic un-
certainty can lead to diagnostic delays, over-testing,
and diagnostic errors, which can result in inadequate
treatment prescription [3]. Based on the Global Health
Data Exchange, 105,788 people died in 2019 from ad-
verse effects of medical treatment, showing an increase
of more than 1 percent compared to 1990. Dynamics
show slow but persisting growth of iatrogenic harm for
patients. We can interpret this fact as “adverse effects
of healthcare system development,” which happened
owing to fast data accumulation about new details and
methods of diagnostics and treatment, which doctors
can’t process successfully on their own in such short
periods. The real numbers of iatrogenesis may be way
higher than the following because to prove the adverse
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effects of the treatment, full information about diagnos-
tics and treatment should be stored and freely accessible
[4]. Institute of Medicine (IOM) estimates the United
States annually spends $750 Billion in waste (approx-
imately 30% of health care spending). IOM identified
6 waste domains: unnecessary services ($210 billion
annually); inefficient delivery of care ($130 billion);
excess administrative costs ($190 billion); inflated pric-
es ($105 billion); prevention failures ($55 billion), and
fraud ($75 billion) (www.theatlantic.com/health/ar-
chive/2012/09/how-the-us-health-care-system-wastes-
750-billion-annually/262106/). Improving the quality of
diagnostics and treatment by Al assistance in diagnosis
of diseases, monitoring of general health, prediction of
risks, treatment solutions, biomedical knowledge gener-
ation may significantly decrease costs for these domains
in varying degrees. The current state of the health care
system may improve with the integrated diagnostics.
Integrated diagnostics is a combination of three inde-
pendent diagnostic disciplines (radiology, pathology,
and laboratory medicine) for therapeutic and diagnostic
purposes using advanced information technology [5].
Machine learning (ML) algorithms may be an excellent
tool for information collection and structurization as
well as deep data analysis. Accurate diagnostics and
treatment require both personal and general scientific
data analysis. Personal medical data is successfully
analyzed by a doctor, while the interpretation of large
amounts of scientific data may significantly improve
with artificial intelligence (AI). Al would also influence
data storing, processing, and security as well as give
some economic benefits. In this article, we will focus
on the existing medical problems and their causes as
well as possible solutions using ML.

METHOD

An analytical review of the literature on keywords
from the scientometric databases Scopus, PubMed, Wi-
ley. Search depth 7 years from 2013 to 2020.

RESULTS AND DISCUSSION

Relevant healthcare problems

As in any other area of our lives, the healthcare system
evolves rapidly, but its development is unaccomplished.
Lately, a lot of difficulties resolve, while some of them still
exist. Analyzing previous researches, we have emphasized
some of the most significant problems, which can be par-
tially solved using ML algorithms as well as other methods
of biomedical data science. Among them are diagnostics
errors, delayed diagnostics (including during emergen-
cies), overdiagnosis, bureaucracy, communication issues,
“handoff” difficulties, which have a significant impact on
the quality of healthcare. We will describe some of them as
examples of cardiovascular system diseases, neurological
disorders, oncology, and kidney disease.

1. Cardiovascular problems

According to the World Health Organization (WHO),
cardiovascular diseases (CVDs) are the number 1 cause
of death globally. Heart attacks and strokes cause four
out of five cardiovascular disease deaths. The proportion
of deaths from non-communicable diseases is 41 million
annually, leading to 71 % of deaths, respectively. Among
them, cardiovascular disease is a global problem, killing
17.9 million people annually, or 31 % of all deaths each
year [6]. Early diagnosis of atherosclerosis and blood
clots may prevent complications such as stroke, heart
attack, or pulmonary embolism. Late detection of ath-
erosclerotic plaques can also lead to the development of
aneurysms and problems with coronary, carotid, periph-
eral, renal arteries [7]. Early diagnostics has a significant
effect on survival the earlier it carries out, the higher the
chance of recovery [8]. Thus, monitoring of biomarkers
as well as other predictors of CVDs that indicate the de-
velopment of blood clots and atherosclerotic plaques can
significantly improve the situation and reduce the total
number of deaths related to the cardiovascular system.
The rate of cholesterol testing two or more times in 3
years has been growing exponentially for the last twenty
years. This tendency has a positive correlation with pa-
tients’ data accumulation, which gives more possibilities
for efficient monitoring of lab test dynamics. Such an
approach can be useful for any chronic disease. To illus-
trate that cholesterol level monitoring may be helpful as
a predictor of cardiovascular events. As a result, we can
enhance prophylactics and prescribe a preventive treat-
ment, such as lipid-lowering drugs, before consequences
develop [9].

According to WHO, CVDs, and two other groups of
diseases (cancer and infectious diseases) are the main
categories of average diagnostic errors in primary health
care. Errors may occur when minor warning symptoms are
missed or ignored in primary care [10]. Cross-analysis of a
large population sample estimate from 15,000 to 165,000
misdiagnosed cerebrovascular events annually in United
States emergency departments (EDs), disproportionately
representing headache or dizziness. Some cerebrovascular
diseases do not diagnose immediately, which can lead to
mortality or disability of the patient [11]. Approximately
9% of cerebrovascular diseases go unnoticed at the initial
ED presentation. The risk of misdiagnosis is higher if the
patient’s complaints are minor, and the symptoms are
mild, non-specific, or transient [12]. Another important
one is deep vein thrombosis (DVT). There is a high risk
of missing the diagnosis in a patient with deep vein throm-
bosis. According to Yuhong Zhang, the missed diagnosis
of DVT in the lower extremities using ultrasound is about
50% in patients without DVT symptoms [13]. The most
significant complication of DVT is pulmonary embolism
(PE), which is a very life-threatening condition. PE may
most likely lead to death without proper management,
and its diagnostics may often delay clinical practice [14].
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Also, there are a lot of errors related to cardiovascu-
lar medications. The ED and acute hospital is the most
common locations at high risk for medication errors [15].
According to a study in 2016, cardiovascular drugs asso-
ciate with 24.7% of medical errors. Among them, leading
anticoagulants - 11.3% of the errors [16]. Besides, the use
of incorrect doses of the drug and unnecessary drugs for
the treatment of cardiovascular diseases can lead to the
development of thrombosis [17].

2. Neurological disorders

2.1 Parkinson’s disease. According to the statistics,
about 1% of people over age 60 have Parkinson's disease
(PD), and this percentage rises with aging [18]. In the
case of early diagnosis, the efficiency of pharmacolog-
ical management increases, and non-pharmacological
management is also possible. The combination of these
two approaches helps to manage present symptoms and
prolongs an active and healthy life [19]. Early diagnostics
may conduct with the help of neurochemical biomarkers,
such as orexin, Dopamine, Dopamine receptors, and
Dopamine Transporter Activity, a-Synuclein, and others
[20]. PD misdiagnosing occurs in about 30% of all cases
[21]. An accurate diagnosis of PD is essential both for pa-
tients care and researches associated with epidemiology,
genetics, medical imaging, neurochemical biomarkers,
and symptomatic and disease-modifying treatments [22].

2.2 Multiple sclerosis. Multiple sclerosis (MS) is a
potentially disabling autoimmune disease without effi-
cient treatment and exact etiology. It is characterized by
immune-mediated attacks on the central nervous system
(CNS) and following demyelination and reversible or
relapsing neurological symptoms [23]. Hence, it is ob-
viously expedient to generate new insights on early lab-
oratory diagnostics of MS by analyzing big patient data.
According to the statistics, MS affects approximately
900,000 people in the United States and 2.5 million peo-
ple worldwide [24]. Following the statistics from study-
ing in the UK, peak incidence occurred between ages 40
and 50 years and maximum prevalence between ages 55
and 60 years [25]. Early diagnosis of MS is possible as
a combination of symptoms (lasting at least 24 hours)
and clinical tests, including early biomarkers: oligoclo-
nal bands, anti-MOG antibodies, antinuclear antibodies
[26]. It helps to decrease the possibility of disability and
to lower the secondary relapse rate [27]. Misdiagnosis
of MS brings certain risks associated with not receiving
early-stage treatment [28]. The diagnostic error usually
occurs when different disorders that aren’t associated
with demyelination and inflammation processes expose
symptoms typical for MS [29]. Alternative conditions
may frequently suggest by the presence of “red flags” in
the clinical presentation. These are atypical for MS signs,
symptoms, or findings that should be detected and inves-
tigated by radiographic, clinical, or laboratory methods to
reduce the possibility of MS misdiagnosis [29].

2.3 Alzheimer s disease. Alzheimer’s disease (AD) is

100

a detrimental worldwide social problem. The prognosis
estimates that the number of AD patients only in the
USA will rise from 5 million to 14 million by 2050 [30].
According to WHO, the total number of patients with
dementia may reach 82 million in 2030 and 152 million
in 2050 [31]. AD should diagnose in the preclinical phase
or while AD-induced mild cognitive impairment (MCI)
to decrease the possibility of irreparable brain damage.
Some people with MCI have returned normal cognition
without dementia related to AD due to on-time diagnos-
tics and treatment [30]. Diagnostics of AD with the help
of biomarkers measurement may prevent a significant
number of false-positive diagnoses, as opposed to alone
guidelines diagnostics [32]. In perspective, early bio-
markers will become a required part in monitoring the
effects of AD treatment [30]. Detection and measurement
of biomarkers are also a significant part of AD drug de-
velopment. It allows identifying better compatibility
between designed drug and patient for clinical trials [33].
That’s why the biomarkers monitoring process should
simplify in all stages: from diagnostics to treatment.
Patients and people associated with diagnostics and treat-
ment of AD should be able to get fast access to correct
and relevant measured biomarkers.

3. Oncology

3.1. Thyroid cancer. Thyroid cancer (TC) is the most
common endocrine cancer [34]. TC’s are often overdi-
agnosed in the USA and South Korea, mainly by ultraso-
nography [35][36]. The most common way of thyroid tu-
mor management is a radical thyroidectomy. It provokes
an increase in hypoparathyroidism incidence in South
Korea [36]. In 2015, the Korean Committee for National
Cancer Screening Guidelines issued a recommendation
against thyroid cancer screening with ultrasonography
for healthy individuals [37]. Thyroid cancer has an esti-
mated 5-year survival of 98.1% overall: 99.9% for local-
ized disease and 55.5% for distant disease [34]. It may
indicate that thyroidectomy may be irrational in some
cases. So, harm from disease management may be more
significant than one from the tumor itself. Fine-needle
aspiration is the most common method in the diagnosis of
TC. When performed, [170% of all thyroid tumors classi-
fy as benign, 4.0% as malignant, and 10% as suspicious
or indeterminate, and 17% demonstrate an insufficient
sample [38]. There are some non-specific biomarkers
that may indicate a presence of the thyroid tumor [39]
that all together and in combination with other existing
diagnostic methods can more accurately suggest a possi-
bility of TC. This approach will provide a more accurate
prescription of thyroidectomy.

3.2. Prostate Cancer. Prostate Cancer (PC) is the
second most common cancer in men. In the USA, 33,330
deaths occur from prostate cancer [34]. The implementa-
tion of the prostate-specific antigen (PSA) test increased
the level of prostate cancer detection, resulting in overdi-
agnosis and overtreatment [40]. Undergoing radical pros-
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tatectomy or radiation therapy may lead to some compli-
cations (urinary symptoms, operative mortality) as well
as long-term sequelae (urinary incontinence, impotence,
and bowel dysfunction) [41]. In our opinion, a PSA blood
test alone is not enough for the diagnosis, so we need
more specific biomarkers (BM’s) [42].

4. Kidney disease

Chronic kidney disease (CKD) is a significant disor-
der that affects a lot of people around the world. Over
$1 trillion is spent globally on end-stage renal disease
care [43]. Unfortunately, it’s often recognizable only
by laboratory abnormalities in the latest stages. Late
diagnostic caused no effective kidney disease treatment
development [44] and may limit the number of BM’s for
early disease detection. Measuring glomerular filtration
rate (GFR) is a “gold standard” for CKD assessment,
but not specific enough, especially during the early
stages of the disease [45]. There is a bid amount of
BM’s associated with kidney damage and, or loss of
function, which can implement via ML methods for
CKD management [46]. Factors such as age, gender,
race, and family history are crucial for CKD. Moreover,
hypertension, smoking, diabetes mellitus, and obesity
can also lead to kidney disease. It’s critical for patients
and doctors to notion all aspects of effective diagnostics
and treatment. Normal renal senescence and physiolog-
ical loss of GFR should be noticed and differentiated
from life-threatening signs of CKD. Complete analysis
of the patient’s data: including his age, comorbidity, in
complex with albuminuria, GFR, and early biomarkers
of kidney damage is a potentially efficient tool in CKD
diagnostics and management [47].

Healthcare problems and data processing

Such tools as electronic health records gave a push for
biomedical data science development but still, it doesn’t
look like we can use that vast amounts of data fluently.
According to The Joint Commission Center for Trans-
forming Healthcare Hand-off Communications Project,
“hand-off is a transfer and acceptance of patient care
responsibility achieved through effective communica-
tion”. The hand-off is a process of medical information
transmission from one health care provider to another
for treatment or diagnostic propose. There are more than
4,000 hand-offs in a typical teaching hospital every day
(https://psnet.ahrq.gov/web-mm/triple-handoff). A lot
of essential information may get lost during a patient’s
data transfer between healthcare providers. The electron-
ic health record system became a grandiose invention,
which solved this problem to a large extent, but it still
partially exists. Another serious difficulty is receiving
essential medical data for urgent patient management
when his person is unidentified. As we can see in modern
devices, it may be partially solved by data storage on
smartphones or other devices and proper linking these
local systems to the electronic health record system. It
also would be great to give patients the possibility to
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participate in their biomedical data replenishment, but
only under the doctor’s control.

Such tools as electronic health records gave a push for
biomedical data science development but still, it doesn’t
look like we can use that vast amounts of data fluently.
We mentioned many BM’s that may successfully use
for the improvement activities in particular diseases di-
agnostics and management. But to do so, a lot of sci-
entific information should be identified, analyzed, and
verified in detail before the implementation of them in
clinical practice. With the help of AI, we can gather a
large amount of data about potential BM’s from science
resources like PubMed for diagnostic improvement. ML
algorithms can become an excellent instrument for such
BM’s significance assessment and defining their role in
disease diagnostics and management. Utilizing such an
approach can potentially solve problems of overdiagnosis
we have shown in part about oncology, help predict and
detect chronic diseases in early stages and, generally,
partially solve the problems we have listed earlier.

Comprehensive analysis of the patient’s data: includ-
ing his age, sex, race, comorbidity in complex with uti-
lizing suitable diagnostic methods, as well as general sci-
entific data is a promising tool for the healthcare future.

Machine learning algorithms and biomedical data
processing

Decision-making in medicine is a responsible and
complex task that requires taking into account a huge
number of factors. Depending on the field of medicine,
these factors and their number may vary, but even so, we
can identify the most fundamental among them:

® Patient Laboratory Data / Clinical History / Ge-
nomics Data

® Psychological state / Human conditions

® (Consumption of pharmaceuticals

Modern science is trying to describe and digitize
these factors. It should be noted that the assessment of
such factors requires the adoption of both general in-
formation and personal data. Since a human body is a
complex object, it is difficult to make deductive conclu-
sions about its nature, therefore, personal information
is valuable. On the other hand, it is rather difficult to
interpret personal data, therefore, for making an informed
decision, the best strategy is to focus both on patient data
and global information.

In the current technological situation, artificial in-
telligence is not able to take over decision-making, but
modern machine learning algorithms can be an excellent
tool for medical professionals. Such systems should have
the following properties (tablel):

® Good accuracy: machine learning algorithms
should have near or higher accuracy than physicians.

® Good explanation ability: output result of a sys-
tem should be interpretable for physicians.

® Ability to work with missing and noisy data:
it is a widespread situation in medicine when data are
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missing on noisy, so algorithms should be less sensitive
as possible for this situation.

® Ability to use different input data with is count
minimization: it very time and cost expensive to use a
lot of input variables, algorithms should be able to work
with different data, whit minimal volume.

® High performance: algorithms must be able to
train fast and efficiently.

® [arge coverage of output variables: the more out-
put solutions a system has to offer, the higher its value.

® High differentiation power: there are a lot of
subtypes of some diseases, so it is important to create
very detailed systems for their classification.

We can highlight the following areas of medicine in
which machine learning is actively implemented: diagno-
sis of diseases, monitoring of general health, prediction
of risks, treatment solutions, biomedical knowledge gen-
eration. In general, the proliferation of machine learning
in clinical practice is lagging behind the potential possi-
ble, given the opportunities already available.

Diagnosis of diseases is a classical topic, which
people associate with using machine learning in medi-
cine. Formally, this task can be described as predicting
a certain class from the entire class pool based on input
data, in the form of attributes for each patient. Lets, pa-
tient P={p1,p2,...,pk} , |P|=k , A is a set of attributes,
A={al,a2,...,an} , |AJ=n . A set of patients and their at-
tributes form a matrix MAP, that is constructed by PxA.

Set of classes C = {c1, ¢2, cm}, for each row in MAP
corresponds to some class, in the case of disease clas-
sification, each class is a specific disease. The task is
based on a known predict class for new patient data,
based on its attributes. The most popular classifiers are
Support Vector Machine (SVM), Naive Bayes Classifiers,
Random Forest, K-Nearest-Neighbour (KNN), neural
network classifiers. In Table 1, we have shortly described
them, their advantages and disadvantages.

A very prospective field is using external knowl-
edge graphs for improving medical diagnosis results
[48]. Knowledge graph g = {N, R} is a set of medical
entities as nodes (N) and relations between these en-
tities {R}.

Sometimes we do not have a set of classes, but we
want to subdivide and categorize sets of attributes. Ex-
amples of clustering algorithms are K-means Clustering,
Agglomerative Clustering, Multikernel Learning algo-
rithms, Density-Based Spatial Clustering of Applications
with Noise (DBSCAN), Ordering Points To Identify the
Clustering Structure (OPTICS).

Biomedical data security

Accumulation of patients’ personal medical infor-
mation, creation of new services for its archivation and
processing caused the manifestation of an essential prob-
lem with data security. According to the Digital Guardian
analysis published in 2019, the average total cost of a
data breach by industry was the highest in the healthcare

decision surface is constructed.

dimensional space
- Use less memory

Table 1
The most popular machine learning technologies
Method Principle Advantage Disadvantage
Support Vector Input vectors are non-linearly mapped to a very - High accuracy - High training time
Machine [50] high-dimension feature space, where a linear - Work well with high - Don’t work well with

overlapping classes

Simple Bayesian
classifiers [51]

Probabilistic approaches, that make assumptions

about how the data is generated, and posit

a probabilistic model that embodies these
assumptions; then they use a collection

of labeled training examples to estimate
the parameters of the generative model,

classification of new examples is performed
with Bayes’ rule.

- Easy to implement
- High performance

- High explanation ability

- Work bad, when there
is a dependence between
variables

Random forest

Random generation of a set of decision trees
from a selected subset of a training set and
making a conclusion about classification based
on average result among them

- Fast to train with test data
- Good explanation ability

- Prevents overfitting of
data

- Slow in creating
predictions once a model
is made.

- Must beware of outliers
and holes in the data

K-Nearest-Neighbour

Classification occurs by determining the class
to the k nearest neighbors, determined by a
certain distance function, perhaps all Euclidean
distance.

- Easy to implement
- No training operations

- High classification time
- Missing values and
outliers sensitivity

Neural Networks

Changing weights between layers with neurons
in such a way as to minimize the selected loss
function.

- Good accuracy

- Ability take into account

complex relationships

- Low explanation ability
- Possibility of local
minimum
- Possibility of overfitting
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Figure 1:

Average total price of breached data in different industries
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Fig. 1. Average total price of breached data in different industries

industry ($429 per healthcare record) (Fig. 1) (https://
digitalguardian.com/blog/whats-cost-data-breach-2019).

The reason for this phenomenon is that personal med-
ical information cannot be changed once it was stolen, on
the opposite of credit card or social insurance data. It can
be proved with the annual report of the IBM company
and Ponemon Institute, which states that the average data
leakage cost in 2019 was 3,92 million dollars, while for
healthcare it was 6,45 million dollars, two times higher
than in any other field. From 2005 to 2019, 249,09 mil-
lion people suffered from a data breach in healthcare and
we can notice that the number of HACKs was consistent-
ly growing during this period [49].

Data breach in the insurance company Premera Blue
Cross can be a good example of hacking. In May 2014, an
employee of this company received a phishing email with a
link to the document, which contained malware that allowed
a malefactor to enter an internal network of the company
and theft the medical data of 11 million people (https://cutt.
ly/6zDBjZG). It’s also important to protect portative devices
from the access of the third person as happened in Chicago
in 2013 when 4 unencrypted computers were stolen from
Advocate Medical Group. 4 million patients suffering from
this incident and financial loss was assessed to be billions
of dollars (www.healthcareitnews.com/news/Advocate-
Health-slapped-with-lawsuit-after-massive-data-breach). It
should be noticed that data breaches can be caused not only
by external attacks but also from the inside.
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It’s crucially important to constantly upgrade systems
that work with biomedical data because their malfunc-
tion can lead to wrong treatment and lethal outcomes,
as happened in the hospital in Germany in 2020 (www.
wired.com/story/a-patient-dies-after-a-ransomware-at-
tack-hits-a-hospital/#:~:text=A woman seeking emer-
gency treatment, was widely reported on Thursday).
Al-based systems, which we review in this article as
a prospective accessory diagnostic instrument, require
supporting mechanisms to confirm the authenticity of the
data they operate. Al implementation in the healthcare
system requires standardization of data sets it works with
to prevent inaccurate results. Such systems, especially
their data sets, must be protected from all types of data
breaches. It’s important not only to provide technical
innovations in data security but also to check on the em-
ployees that have access to this information, implement
the multi-layer revision of all the changes. Both for just
storing patients’ information and operating on it using
Al-based systems, we can list some general recommen-
dations for biomedical data security: use of anti-mal-
ware solutions and protection networks with effective
firewalls; use of multi-factor authentication; use of se-
curity patch management, anti-social engineering, and
phishing programs; investing in cybersecurity insurance;
data encryption; creating reliable backups; investing in
employee training; conducting frequent audits of the
cybersecurity system.
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CONCLUSION

In this article, we have detected some severe health-
care system problems and reviewed their possible solu-
tions using ML algorithms. Based on our analysis, the
healthcare system was upgraded significantly by inven-
tions like HER’s, but still, we have target points for its
improvement. Machine learning is a group of technol-
ogies that can become a cornerstone for dealing with
various medical problems. Utilizing various types of Al
will be useful for the understanding of the risk factors,
behavioral patterns, and features of the therapeutic path-
way to provide adequate in-time treatment. To imple-
ment this technique, healthcare should focus on big data
accumulation and structurization, making the substrate
for further investigations and market development. It’s
necessary to provide an interdisciplinary approach for
universal Al formation, concentrating on the realization
of technologies for global scientific data mining and
processing. This strategy will give us the possibility to
use Al as a full-fledged accessory diagnostic instrument
and improve many medical issues. The application of
ML algorithms, in perspective, can provide a tool for
comparison outputs of laboratory and clinical studies
with existing healthcare standards in order to help in
the development of more advanced diagnostic methods
and personalized treatment by generating new insights
and detecting hidden corrections. All of the mechanisms
described above will allow gathering large amounts of
big data that will set a stage for the future development
of biomedical data science. The development of Al-based
systems requires control over the data it works with to
provide accurate and reliable results. Weighty economic
benefits to be expected for patients and the healthcare
system in general. We believe that in the near future Al
will become a fully functional diagnostic instrument,
collaborating with physicians in order to provide the best
quality of medical services. We believe, it will be pos-
sible for future AI’s to substantially optimize healthcare
reducing, making the lives of both patients and healthcare
providers a bit better.
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BIIPOBA/ZKEHHS AJITOPUTMIB MALHTMHHOT'O HABYAHHSI B CACTEMI OXOPOHMU 31OPOB’51
SAK NEPCIIEKTUBHUHN HAITPAMOK U1 HAYKH, OXOPOHMU 31O0POB’S TA BIBHECY

Bacuneecokuit B., Cmenanoeg 1., Kosanv P., Conymuax M., Ttomanceka H., Illeiiko B., Cmaenuuuii T.
Tosapucmeo 3 oomedncernoro gionogioanvuicmio BIONITY, Kuis, Ykpaina

byblikpeper@gmail.com

AxTtyansHicTb. CydJacHUI CTaH MEIUIMHA € HeJocKoHaInM. Cepes; OCHOBHHX HPOOJIeM MOXKHA BUAUINTHU JIarHOCTHKY 1 JIIKYBaHHS
3aXBOPIOBaHb. TpymHOII poOOTH 3 O10METMYHUME JaHUMH € CEPHO3HIM 0OMEKYIOUNM (PaKTOPOM Yy BHPILICHHI HAHBAKIIMBIIINX 3aBIaHb
OXOPOHH 3/I0POB s, SIKi IPE/ICTABIICHI B CTATUCTUYHO TOCTOBIPHUX TPyIIax 3aXBOPIOBaHb. Bemrka KibKICTh TaHUX B IPUPOIHIYHNX HAayKax
CTBOPIOE SIK MOMKJTMBOCTI, TaK i mpooiemMu [yt iX epeKTHBHOrO BUKOPHCTAHHS B KIIHIUHIN MMpaKTHLi. [HCTpYMEHTH Ha OCHOBI MALlIMHHOTO
HaBYAHHS HEOOX1THI TS TeHepallil HOBUX iieH 1 BUSBIICHHS HOBHX MPUXOBAHNX 3aKOHOMIPHOCTEH, 0COOIMBO MPH BETMKUX HAOOpaX JaHuX.
PimeHHs Ha OCHOBI IITYYHOTO IHTENIEKTY MOXYTh YCITIIITHO BHKOPUCTOBYBATHCSI JUTSl JIIarHOCTHKHU 3aXBOPIOBAHb, MOHITOPHHTY 3arajlbHOTO
CTaHy 370pPOB’sl, IPOTHO3YBAHHS PH3UKIB, IPUHHATTS PIlICHb IS JIIKYBAaHHS 1 OTPUMaHHS O10MEIMYHUX 3HAHb.

Line: mpoaHamizyBaTu MOTEHIIIa aJTOPUTMIB MAIIMHHOTO HABYAHHS B OXOPOHI 3/10pOB’S Ha ICHYIOYHX MPoOiIeMax i 3poOUTH Ipo-
THO3 IX PO3BUTKY B HAHOMIKIOMY MaiiOyTHEOMY.

Metoa. AHamITUYHUNA OIS JIITEPAaTypH M0 KIIFOYOBHM CIIOBaM i3 HayKoMeTpuyHUX 0a3 nanux Scopus, PubMed, Wiley. I'mubuna
noyky 7 pokis 3 2013 mo 2020 pik.

Pe3yabraTn. AHamni3yroun Cy4acHWil 3arajJbHUI CTaH CUCTEMH OXOPOHHM 3[I0pOB’Ssl, MU BUIUIMIIM HaHOUIBII aKTyalbHI IPOOIEeMH,
TIOB’s[3aHi 3 1IarHOCTUKOIO, JIIKyBAaHHSIM i CHCTEMHHM YIPaBIiHHIM: IIOMIJIKH IarHOCTHKH, ITi3HS AIarHOCTHKA (B TOMY YHCII ITiJ] 4ac
HA/I3BUYAHUX CHUTYyaIlill), TiMepAiarHOCTHKA, OFOPOKpaTisi, MpoOieMH 3 KOMYHIKAII€r0 1 TPYIHOIII Iepeaadi AJaHux. My BUBYIIN Je-
Tl Mmporecy, 3pyYHOro Ul MPUHHATTS PillleHb B KJITHIYHOMY CEepeIOBHUIIi, IS TOTO, 00 BU3HAYUTH TOYHI MOMEHTH, SIKi MOXKYTh
OyTH 3HAYHO TOJIMIIEH] 32 JOIOMOTOIO PillleHb, IPUHHATHX HA OCHOBI LITYYHOTO IHTEIEKTY, B TOMY YHCIIi: JiarHOCTHKA 3aXBOPIOBAHb,
MOHITOPHHT 3arajbHOTO CTaHy 370pPOB’s, IIPOrHO3YBAHHS PH3HKIB, PIllIEHHs MPO JIIKYBaHHS 1 OTPUMaHHs 0iOMeJUYHUX 3HaHb. MU 10-
3HAYMIIM aJITOPUTMH MAaIIMHHOTO HABYaHHS SIK IIEPCIEKTHBHUN IHCTPYMEHT Il AIarHOCTHKY Ta JIIKYBaHHS 3aXBOPIOBAHb, a TAKOX JUIS
reHeparil HOBUX KOPHCHHUX i/1e# 1 00poOKY BEMKHX HAOOPIB TaHUX.

BucHoBoK. MalliMHHe HaBYaHHS — [1€ TPyIIa TEXHOJIOTIH], sIKi MOKYTb CTaTH OCHOBHHM (haKTOPOM JIJIst BUPIIICHHS PI3HUX MEIMYHHUX
npobieM. Ane Bce XK € psii mpodieM, sKi MoTpiOHO BHPIIIUTH Nepe] iHTEHCHBHUM BIPOBAIKCHHSAM TAaKUX 1HCTPYMEHTIB B CHCTEMY
OXOPOHU 310pPOB’s1.

Korouosi ciioBa: MarmHHe HaBYaHHs, GiOMeIMYHI 1aHi, TPOOJIEMU OXOPOHH 310POB’s, 00poOKa OIOMEANYHHUX JAHUX
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BHEJAPEHUE AJITOPUTMOB MAIIIMHHOI'O OBYYEHHUSA B CUCTEME 3/IPABOOXPAHEHHUSA KAK
HNEPCIIEKTUBHOE HAITPABJIEHUE JJISA HAYKHU, 3IPABOOXPAHEHUA U BUSHECA

Bacuneeckuit B., Cmenanoe H., Kogsans P., Conymuak M., /liomanckaa H., Illeiixo B., Cmagnuuuii T.
Obwecmso ¢ oepanuuennot omeemcemeaennocmoio BIONITY, Kues, Yxpauna

byblikpeper@gmail.com

AxTyaabHocTh. COBpEMEHHOE COCTOSIHHE METUIIMHBI HecoBepieHHO. Cpei OCHOBHBIX NMPOOJIEM MOXKHO BBIICIHUTH AUArHOCTUKY
u nedeHue 3aboneBanuid. TpyaHOCTH pabOThl ¢ OMOMEIUIIMHCKIMY JTaHHBIMHA SIBISIIOTCS CEPhE3HBIM OTPAaHHYMBAIOMINM (DAKTOPOM B
pelIeHnN BaXKHEHIINX 3a/1a4 3paBOOXPAHEHHUSI, KOTOPBIE MIPEICTABICHBI B CTATUCTHYECKH JOCTOBEPHBIX Ipymiax 3aboneBanui. bob-
I10€ KOJIMYECTBO JAQHHBIX B €CTECTBEHHBIX HAyKax CO3/IAeT Kak BOBMOXKHOCTH, TaK M TPoOIeMbl 11 HX 3(Q(HEKTHBHOTO HCHOIb30BAHUS
B KIIMHMYECKOH MpaKkTHKe. THCTPYMEHTBI Ha OCHOBE MALlIMHHOTO 00Yy4eHUs HEOOXOAMMBI JJIs TeHEPALIMU HOBBIX WJICH M OOHAPYKCHUS
HOBBIX CKPBITBIX 3aKOHOMEPHOCTEH, 0COOCHHO NP OOJIbIINX HAOOpax JaHHbIX. PeleHus Ha OCHOBE HCKYCCTBEHHOIO MHTEIUICKTa MO-
T'YT YCIICIITHO UCIIOIb30BAThCS VISl IMArHOCTHKH 3a00JIeBaHN 1, MOHUTOPHHTA OOIIEr0 COCTOSIHUS 37I0POBbSI, IPOrHO3UPOBAHMUS PHCKOB,
NPUHATHS PEIISHUHN JUIsl JICYSHHS U TTOJTy4eHHs] OMOMETMIINHCKIX 3HAHHH.

Ieanp: nmpoaHalM3upOBATh MOTEHINAT AITOPUTMOB MAIIMHHOTO OOYyUYCHUS B 3/[PaBOOXPAHEHHN HA CYIIECTBYIOIINX IpobieMax U
clleJIaTh MPOTHO3 MX Pa3BUTHS B OiykaiieM OyayIeM.

MeTtoa. AHaTUTHYECKUI 0030p TUTEPATyphl MO KIIOYEBBIM CJIOBAM M3 HayKOMETpHUYECKHX 0a3 maHHBIX Scopus, PubMed, Wiley.
I'my6una noucka 7 net ¢ 2013 mo 2020.

Pe3yabTarhl. AHaIM3MPYst COBPEMEHHOE 00I1Iee COCTOSTHUE CHCTEMBI 37[paBOOXPAHEHNS], MBI BBIJISIHIIM HanOoJiee akTyallbHbIe MPO-
0J1eMBbl, CBSI3aHHBIC C JUarHOCTHKOI, JICYEHHEM U CHCTEMHBIM YIIPaBIeHHEM: OIMINOKU JUAarHOCTHKY, TIO3IHIS TUArHOCTHKA (B TOM YHC-
JIe BO BpeMsl UpEe3BBIYAHBIX CUTYalHii), TUIIEPANArHOCTHKA, OIOPOKpATHs, TPOOIEMbl ¢ KOMMYHHUKAIHEH W TPYIHOCTHU Iepeiadn JaH-
HBIX. MBI H3y4WIIH JIETaJIHN Mpoliecca, YI00HOT0 [k HPUHATHS PELICHNH B KIMHUYECKO! Opefie, VIS TOT0, YTOOBI ONPE/IeUTh TOYHBIC
MOMEHTBI, KOTOPbIC MOTYT OBITh 3HAYMTEIBHO YIYUIICHBI C TIOMOIIBIO PEIICHH, MPUHATHIX HAa OCHOBE MCKYCCTBEHHOTO MHTEIUICKTA,
B TOM YMCJIC: ANArHOCTHKA 3a00JICBaHNH, MOHUTOPHHI OOIIEro COCTOSHHUS 3J0POBbs, IPOrHO3UPOBAHUE PUCKOB, PEIICHUS O JICUCHHH,
U TIOJy4eHHne OHMOMETMIMHCKUX 3HaHMH. MBI 0003HAYMIN aNrOPUTMBlI MAIIMHHOTO OOYyYeHHsS! KaK MEepPCHEeKTUBHBIH MHCTPYMEHT JUIS
JIMarHOCTHKY M JIedeHHs 3a00JIeBaHMi, a TaKXKe JUIS TeHepallii HOBBIX MOJIE3HBIX HJeH M 00paboTKu GONBIINX HAOOPOB JaHHBIX.

BriBoa. MammnaHOe 00ydeHNe — 3TO IPyIIa TEXHOIOTHH, KOTOPEIE MOTYT CTaTh OCHOBHBIM ()aKTOPOM ISl PEIICHUSI Pa3IMIHbIX Me-
JMIUHCKUX 1po0neM. Ho Bee e ecTh psiai mpodlieM, KOTOPbIE HY)KHO PELIHTD Tepe]] HHTCHCHBHBIM BHEIPCHHEM TaKUX HHCTPYMEHTOB
B CHCTEMY 3/IpaBOOXPaHEHHSI.

KuroueBble ciioBa: mammHHOe 00yueHHe, ONOMEANIIMHCKKE IaHHBIE, TPOOJIEMBbI 3PaBOOXpaHeHNsI, 00paboTKa GHOMEUIITHCKIX
JTAHHBIX
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Relevance: The new pandemic crisis caused by the Covid19 virus has led to a global shortage of personal protective equipment
including FFP2 masks necessary for the exercise of professionals in direct contact with positive patients.

Objective: 3D print a PLA mask similar to the FFP2 mask with the addition of an ULPA filter

Methods. The designed mask is based on the general morphology of the FFP2 standard. This is how we downloaded the prototype
of the kLOWELL MAKES». We have adapted this prototype to our craniofacial dimensions on the «Meshmixer» software, to finally
export the prototype in STL format to print it by fused deposition modeling (FDM) via the 3D printer «XYZ Junior 1.0» equipped with
a PLA (polylactic acid) filament.

Results. The total duration of the printing of the full mask (the cover, the body of the mask, and the retentive filter grid) was around
4h30 min. Regarding the choice of the filter, we opted for two solutions, the first to cut an FFP2 mask and to use the parts obtained as
being filters (doubled), the second being a commercial ULPA or HEPA filter. A ULPA (Ultra Low Penetration Air) filter can theoretically
filter dust, pollen, and bacteria from the air with an efficiency of 99.999 % thanks to a size of 0.1 microns. Remember that the average
size of the Covid-10 virus is around 0.1 um and that the porosity of the FFP2 mask allows particles to be filtered with a diameter of
around 0.6 pm at 94 %. In order to maximize the filtering effect while wearing this mask, we opted for the interposition of a ULPA filter
covered by an FFP2 filter. We tested the tightness of this mask by checking for side leaks by maintaining a stabilized sheet on the outer
cover by suction during inhalation. We have also added to the edges of the mask in contact with the face a peripheral silicone seal, polym-
erized on the face, to avoid any marks or scars after removal of this mask while increasing the comfort of the practitioner. The protocol
that we chose by superimposing two filters (the first having a porosity of 0.6um and the second of 0.1pum) allowed us to potentiate the
filtration. This allowed the filter to be used for 40 hours. The total cost price of the mask is around 9 €.

Conclusions. The «open source» community makes it possible to popularize 3D printing while making it easier for any 3D printer
owner to appropriate their protective equipment at a reduced price, however, intellectual property remains a concern, in particular for
medical parts that cannot be procured promptly during a pandemic crisis similar to that caused by the Covid-19 virus.

Keyword: Lowel Makes mask, PLA, 3D printing, ULPA filter.

Relevance. In the context of the new pandemic
caused by the COVID-19 virus, the quarantine mea-
sures adopted have raised tensions and fears among the
general public; A reckless consequence of this is the im-
pulse purchase of personal protective equipment (PPE),
leaving the health professionals who need it most in short
supply; Besides, facing the globally declared quarantine
state, the factories responsible for manufacturing this
equipment have suspended their activity as well as their
export. This is how members of the global 3D printing
community embarked on the design of several reusable
PPE with interchangeable filters, mainly manufactured
using high-temperature filament extrusion office printers,
the cost of which remains reduced. Until today, the PPE
that is still needed mainly includes surgical masks, FFP2
masks, and respiratory hoods with controlled air purifica-
tion. However, since this PPE is intended to be reusable,
careful consideration should be given to compatibility
with available disinfection techniques while ensuring
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that all such devices are monitored on an ongoing basis
for tightness and condition before each use.

To ensure the best fit, customization of these masks
can be achieved in several ways:

* by printing several sizes

* by experimenting with flexible materials

* by surface scanning the faces to virtually adjust

these masks on an individual basis.

Although this individualized approach may limit the
production throughput, the improvement in final ren-
dering and wearing comfort may justify this impact on
throughput [1].

A 2004 study conducted by the National Institute
for Occupational Safety and Health, involving 3,997
heads and a second study in 2005 suggesting a work-
place protection factor (WPF) for respiratory masks,
found together that there were substantial and signif-
icant differences between the effectiveness of one-
size-fits-all face masks. The WPF regression analysis
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found the most important of the 12 facial dimensions
to be bigonial width, face width (bizgomatic width),
face length (chin-saddle length), and nose protrusion
(Fig. 1). Although not formally tested, the 2005 data
was almost normally distributed and suggested a basis
for three potential mask sizes. For the design of our
model, we opted for a medium to large size mask for
testing (Chin-Sellion = 132 mm, bigonial = 96 mm,
nose = 43 mm) [2].

A i Largeur bizigomatique
B : protrusion nasale
C : largeur Bigoniale

D : longueur menton-sellion

Fig. 1. Diagram of the four major metric values for the adaptation
of the mask [3]

Nowadays, there are several versions of 3D printed
masks, in parallel, The «<FDA» (administration of food
and drugs), the «NIH» (the national institute of health),
and the «United States Veterans Association» are work-
ing together to validate and certify several prototypes of
FFP2 masks, some of which are currently being tested.
In the meantime, and on a more individual scale, many
designs of face masks have been proposed and tested by
researchers, physicians, and commercial entities with
varying degrees of success. In any case, end users should
clearly understand that only prototypes are available
at this point and that they must pass several fit tests to
assess their quality as PPE.

3D printing transmits a digital file to an additive
manufacturing device such as a 3D printer to create a
three-dimensional solid object layer by layer. Digital
files are often made available to the general community
in the creator’s space in «STL», «OBJ» or even «CAD»
formats. Digital files are processed, edited, and prepared
in software such as «GrabCAD», «Meshmixery, «iiiSli-
c3r» and «Meshlaby.

The Copper3D NanoHack Mask [4] illustrates
the limitations of community-generated designs and
wants design improvements based on local testing.
This mask can be printed with a polylactic acid (PLA)
filament as a flat part and is intended to be then man-
ually assembled into its final three-dimensional con-
figuration after heating to 55 to 60 ° C (131 to 140 F°)
by forced hot air (e.g. a hairdryer) or by immersing
it in hot water (Fig. 2). In particular, all joints should
be manually sealed to ensure an airtight fit. The mask
features a simple air inlet port into which two reusable
filters can be inserted, with a screw cap to hold them
in place. This design has several drawbacks, due to its
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flat architecture, only one mask can be printed by most
desktop printers at a time, which limits the through-
put of manufacturing. Practically, initial tests have
shown difficulty in folding these masks created using
conventional PLA filament, with large gaps along the
hard-to-mitigate knuckles. If sealed successfully, the
mask may provide limited airflow for some users and
a second breathing port can be envisioned by mirror-
ing the first port on the design software. Due to these
multiple limitations, this mask is currently undergoing
revisions by the original designer.

Fig. 2. NanoHack Copper3D mask model [4]

The Thingiverse Kvatthro [5] user-designed HEPA
mask can also be fabricated using most desktop printers.
PLA filament is suggested due to the ability to adapt the
mask to the individual wearer after exposure to heat,
which is important to ensure the best possible seal under
working conditions. This device is available in male
and female versions and leaves room to insert an inter-
changeable HEPA filter into a port on the front of the
mask (Fig. 3).

Fig. 3. HEPA mask design with a box for inserting the filter [5]

A similar design has been proposed by the Chinese
company Creality [6], with a different configuration of
the filter holder, intended for the insertion of layers of
folded tissue or filters (Fig. 4).
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Fig. 4. Creality mask and goggles design [6]

The Lowell Makes mask is a variation of the replace-
able front filter design which offers the advantage of
printing without supports or adhesion [7] (Fig. 5). Al-
though these masks are an alternative to FFP2 masks,
they are not approved by the «kFDA» or «NIOSH» or any
other federal or state regulatory agency. They should not
be considered as replacing an FFP2 mask, especially if
the latter is available [8].

Fig. 5. Lowell Makes mask design, with the filter held in place by a grid
inside the mask and a cap on the front of the mask [7]

MATERIAL AND METHOD

The designed mask is based on the general morpholo-
gy of the FFP2 standard. This is how we downloaded the
prototype of the «LOWELL MAKES» mask available
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on the platform of the same firm. We have adapted this
prototype to our craniofacial dimensions on the «Mesh-
mixer» software, to finally export the prototype in STL
format to print it by fused deposition modeling (FDM)
via the printer available in the department of removable
prosthodontics in the dental consultation and treatment
center of Casablanca (Fig. 6).

Fig. 6. Adaptation of the Lowell Makes mask prototype to our facial
proportions [7]

RESULTS AND DISCUSSION

After exporting the STL file of each element making
up the mask (the cover, the body of the mask, and the
retentive filter grid) to the «XYZ Junior 1.0» 3D printer
equipped with a PLA (polylactic acid) filament. The to-
tal duration of the printing of the full mask was around
4h30 min; the final rendering of the mask being smooth
and free of any artifact, no finishing took place (Fig. 7).

Fig. 7. The final rendering of the mask being smooth and free of any
artifact, no finishing took place

Regarding the choice of the filter, we opted for two
solutions, the first to cut an FFP2 mask and to use the
parts obtained as being filters (doubled), the second being
a commercial ULPA or HEPA filter cut from a sold coil
in large surfaces specializing in air filtration (Fig. 8).

HEPA (high-efficiency particulate air) filtration is a
standard developed by the United States Energy Commis-
sion. HEPA filters are the world’s most efficient way to
filter the air from dirt, pollens, bacteria, and any particle
in the air larger than 0.3um. They are used in hospitals,
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Fig. 8. Placement of the HEPA filter in the Lowells Makes mask printed
in PLA cut from a coil

pharmaceutical companies, laboratories, and electronics
companies to remove all fine dust. To qualify as HEPA,
a filter must remove 99.97 % of 0.3-micron particles.

A ULPA (Ultra Low Penetration Air) filter can theo-
retically filter dust, pollen, and bacteria from the air with
an efficiency of 99.999 % thanks to a size of 0.1 microns.
Remember that the average size of the Covid-10 virus is
around 0.1 pm and that the porosity of the FFP2 mask
allows particles to be filtered with a diameter of around
0.6 um at 94 %.

In order to maximize the filtering effect while wearing
this mask, we opted for the interposition of a ULPA filter
(U15, U 17) covered by an FFP2 filter.

We tested the tightness of this mask by checking for
side leaks by maintaining a stabilized sheet on the outer
cover by suction during inhalation, to maximize this seal
the two filters were taped to the outer face of the orifice
of the mask. Mask and the cover were fixed with tacks
(Fig. 9).

Finally, to make it easier to wear the mask, we at-
tached elastic bands to it in two ways, first putting an
elastic on each side (left and right) to wear it around the
outer pavilion of the ears, however, this method caused
lesions and injuries to the ears, the second method being
to adapt the length to the coronal diameter and to have
an elastic band per side (top and bottom) making sure to
cross them during the wearing, this last method not only
makes wearing the mask easier but also facilitates also
its implementation for veiled personnel.

We have also added to the edges of the mask in
contact with the face a peripheral silicone seal, polym-
erized on the face, to avoid any marks or scars after
removal of this mask while increasing the comfort of
the practitioner.
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Fig. 9. Additional fixing of the cover using office tacks and addition of
a heavy silicone flexible seal to the Lowells Makes mask printed in PLA

The French society of hospital hygiene (HF2H) as
well as the WHO recommends changing the FFP2 mask
after 8 hours of wearing or each time it is wet, taking into
account the global shortage incurred during the past few
months following the pandemic caused by the Covid-19
virus, the medical staff had to make reusable masks ready
for disinfection [9].

The protocol that we chose by superimposing two fil-
ters (the first having a porosity of 0.6pum and the second
of 0.1um) allowed us to potentiate the filtration while
ensuring the judicious use of PPE, in fact instead of
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wearing conventionally the FFP2 mask for 8 hours, the
decomposition of the latter offered 5 doubled portions
allowing us to use it for 40 hours.

The disinfection of the mask begins with its disas-
sembly on an operating field, the filters are discarded the
external and internal surfaces are disinfected by spraying
with 5 % hypochlorite or using a surface disinfectant
based on quaternary ammonium, the mask is then wiped
and stored in a special box, taking into account the deg-
radation of the PLA in contact with water, immersion
remains prohibited.

The price of the mask (without filter) is 4 €, in fact, a
spool of PLA, costing on average 60 €, allows the print-
ing of 15 reusable masks.

A ULPA filter costs about $ 50 to make 10 individual
filters; Thus the total cost price of the mask is around 9 €.

CONCLUSION

The «open source» community makes it possible to
popularize 3D printing while making it easier for any 3D
printer owner to appropriate their protective equipment at
a reduced price, however, intellectual property remains
a concern, in particular for medical parts that cannot be
procured promptly during a pandemic crisis similar to
that caused by the Covid-19 virus.

The lack of clinical experience requires the imple-
mentation of a codified protocol to scientifically test the
validity of these 3D printed medical devices with the aim
of future certification putting them on the same footing
as FFP2 / FFP3 masks.
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3D PRINTING OF A LOWELL MAKES MASK IN PLA
3D APYK «LOWELL MAKES» MACKH 3 PLA HUTKOIO

!Envmymasaxxin Hioanw, *Cedppap Anae-E0oin, *Enmymasaxxin /lanan,
3Xayuo Haobin, 1benemxannam Camipa

! Cmomamonoziunuil Koncyromayitinuil i rikyeanvrutl yenmp Kacabnanxu, Kacabrianxa, Mapoxko
2 Vuisepcumemcwora kninixa Ibn Rochd, Kacabnanxa, Mapoxxo
3 [Ipusamnuil cexmop opmoodoumii ma imnaanmonoezii, Kacabnanka, Mapoxxo

nidalelmoutawakkil@yahoo.fr

AxTyaabHicTs. HoBa mannemiuna kpusa, Bukinkana Bipycom Covid 19, npussena 10 miobansHOT HecTadi 3aco0iB iHIMBITyallb-
HOTO 3aXucTy, BKodatoun Macku FFP2, siki HeoOXiqHi a1t BUKOpHCTaHHS (DaxiBIIMH, SIKi TepeOyBaioTh B mpsiMoMy koHTakTi 3 Covid
MO3UTUBHUMH TIaI[i€HTAMH.

Merta. 3D-npykx PLA macku, ananoriunoi macui FFP2, 3 nonaBannsam ¢instpa ULPA (Ultra Low Penetration Air).

Metoau. Po3pobiiena macka 3acHOBaHa Ha 3arajbHUX Mopdosoridaux crannaprax Macku FFP2. Takum urHOM, MU 3aBaHTaXWIIU
nporotun mMacku «KLOWELL MAKESy». Mu anantyBanu 1eil mpoTOTHUII 0 HAIIUX YEPEITHO-THILOBUX PO3MIpIiB 3a JOMOMOTOI MPO-
rpamHoro 3abesnedeHHst «Meshmixer». B pesynsrari, excnioprysanu npororun B popmar STL st npyky 3a goromororo metony FDM
(fused deposition modeling / MoneTIOBaHHS METOJOM ITOLIAPOBOTO HAKJIANAHHS PO3ILIABIEHOI IOJiMepHOI HUTKH) Ha 3D-mpuHTepi
«XYZ Junior 1.0», ocHamenomy PLA (polylactic acid) HuTKO¥M0.

Pe3yabTaTn. 3arajgpHa TpUBaNiCTh APYKY MOBHOI MacKu (30BHILIHIN IIap, OCHOBA MAaCKH 1 CiTKa yTPUMYIOUOTO (QiTbTpy) CTAaHOBHIIA
61m3pKo 4 rog 30 xB. Lo crocyersest BUOOpY (inbrpa, MU BUKOPUCTOBYBAJIM JiBa BapiaHTH: NEPIIHH - BUPi3aHi, HOABIHI YaCTHHU Ma-
cku FFP2 BukopucToByBaiu B sIkOCTI (QiIbTPIB, Apyruil - BUKopructoByBany komepuiitunii Gpinstp ULPA (Ultra Low Penetration Air) abo
HEPA (High-efficiency particle absorption). ®insrp ULPA Teopernyno Moxke GibTpyBaTH MHJI, IIWIOK 1 GakTepil 3 MOBITPs 3 eheKTHB-
HicTIo 99,999% 3aBnsiku po3mipy nop 0,1 mikpon. Cepenniit po3mip Bipycy Covid-10 cranoButs 6mm3pko 0,1 pim, a TOPUCTICTH MacKu
FFP2 no3Bomnste pinsTpyBats 9acTku giamerpom 6mm3pko 0,6 pm B 94% Bumankis. 1106 makcumizyBatu edekt QinbTparii mpu HOCIHHI
i€l Macku, MU BUpimmnu BukopuctoByBatu ¢insTp ULPA, nepekpurtuii pinstpom FFP2. Mu nepeBipuin ITBbHICTD i€l Macku, mepe-
BipUBILY OiYHY BiJCYyTHICTh FEPMETUYHOCTI, yTPUMYIOUH cTa011i30BaHU# JUCT HA 30BHILIHIM MOBEPXHI B pe3y/bTaTi IPHCMOKTYBaHHS
iz yac BAMXy. MU TakoX J0Aaiu 0 KpaiB Macky, 10 KOHTAKTYE 3 JIMLEM, eprdepiiiHe CHITIKOHOBE YIIIbHEHHS, SKe MOoJIiMepHU30BaHe
Ha 00yiy4i, 100 YHUKHYTH OyAb-sIKHX CJIiiB a00 MIpaMiB MiCIIs BUAAJICHHS Ii€] MacKH, OJHOYACHO 301IbIIYI0YN KOM(pOPT IPAKTHKY-
1040r0 JIiKaps. TexHooris, Ky MU 00paiy - IUIIXOM HAaKJIAASHHS ABOX (iIbTpiB (mepmwuii 3 mopucrictio 0,6 pm, a apyruit 0,1 pm).
Ie mo3Bonmito HaM MOCKIIUTH QLIBTPamito i BUKOPUCTOBYBaTH (inbTp mpotsarom 40 roxuH. 3araibHa co0iBapTiCTh MACKH CTAHOBHTH
6mm3pKo 9 €.

BucnoBku. CribHOTa BiJKPUTOrO HPOrPaMHOro 3a0e3nedeHHs Ja€ MOXKJIMBICTh MOMMyIsipu3yBaT 3D-1pyk, pa3oM 3 THM JJ03BO-
J1st€ Oy/b-sIKOMY BIaCHHKOBI 3D-pHHTEpy BUKOPHCTOBYBATH CBOE 00JIaJHAHHS 3a 3HIDKEHOIO LiHOM0. OJJHAK MUTAHHS IHTEIEKTYaIbHOT
BJIACHOCTI, fK 1 paHilue, norpedye BUpilIeHHs. 30KpeMa, 00 MEANYHHX 3ac00iB, IKi HEMOXKJIMBO NMPUA0ATH B HAMKOPOTILI TEPMIiHH il
4ac MaHJeMiYHOI Kpu3H, BUKInKaHoi Bipycom Covid-19.

Kawouosi cioBa: Lowell Makes macka, PLA, 3D npyx, ULPA ¢inbtp.

3D IEYATDH «LOWELL MAKES» MACKH C PLA HUTBIO

1Invmymasaxxun Huoan,>Ceppap Anae-200un, *nvmymasarxxun Janan, >°Xaoxncuéo Haoune,
!Benemxannam Camupa

I Cmomamonozuueckuil koncynomayuonniil u ieveonvlii yenmp Kacabnanxu, Kacabnanka, Mapoxxo
? Vuusepcumemcrkas kaunuxa Ibn Rochd, Kacabnanxa, Mapoxko
3 Yacmuwlit cekmop opmodonmuu u umnianmonocuu, Kacabnanka, Mapoxxo

nidalelmoutawakkil@yahoo.fr

AxTyaabHocTh. HOBBII maHnnemudecknit kpusnc, BeI3BaHHBIN BUpycoM Covid 19, nmpuBer k m1o0anbHON HEXBAaTKe CPEACTB WHIH-
BUJTyaJIbHOM 3aIIUTEI, BKJIToYast Macku FFP2, HeoOGxoxuMBbIe I NCTIONB30BAaHMS CIICINAIICTaMH, HAXOAAIIINMHUCS B IIPSIMOM KOHTAKTe
¢ Covid moIoKUTETHHBIMH HAIIEHTAMH.

Heasb. 3D-neyars PLA macku , ananornunoii macke FFP2, ¢ no6asnennem ¢unsrpa ULPA (Ultra Low Penetration Air).

Metonsl. PazpaboTannas Macka OCHOBaHa Ha oOIIMX Mopdosornueckux cragaaprax Mmacku FFP2. Takum o6pa3om, Mbl 3arpy3uiu
npororun macku «LOWELL MAKESy. MbI agantupoBajiv 3TOT NPOTOTUII K HAILIUM YEPEITHO-IMILIEBBIM pa3Mepam ¢ MOMOIIbIO MPO-
rpamMMHOTO0 obecneueHust «Meshmixer». B pesynerare, sxcriopruposainu nporotui B popmar STL muist mewary ¢ nomorsio merona FDM
(fused deposition modeling / MozeTpOBaHIE METOIOM ITOCIOHHOTO HAJIOKCHNUS pacIUIaBICHHON MONMMMepHOi HUTH) Ha 3D-npunTepe
«XYZ Junior 1.0», ocnamennoM PLA (polylactic acid) HuTbio.

PesyabTarsl. O6as NpoAOIKUTETBHOCTD MEYaTH TTOTHOW MacKH (BHEITHMIT CIIOH, OCHOBA MacK! M CETKa yAEP KUBAIOIIETO (PHITb-
Tpa) cocTasisuia okoio 4 1 30 mun. Yto kacaercs BbIOOpa GuIiibTpa, MbI HCIIOIB30BANIHN [IBAa BAPUAHTA: TIEPBBIH - BRIPE3aHHBIE, BOWHbIC
vactu Macku FFP2 ncnonb3oBaiu B kadecTBe GUIIbTPOB, BTOPOH - Hcnoib3oBain kommepueckuid Gpuinsrp ULPA (Ultra Low Penetration
Air) mmn HEPA (High-efficiency particle absorption). ®unsrp ULPA Teopernueckn MOXeT (HIBTPOBATH HBUIb, IBLUIBIY W OaKTEpUH
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n3 Bo3ayxa ¢ 3¢ pekTHBHOCTBIO 99,999% Omaromaps pasmepy mnop 0,1 muxpon. Cpennuii pasmep Bupyca Covid-10 cocrasisieT okono
0,1 pm, a mopucrocts Macku FFP2 mo3Bonser ¢punsTpoBars yacTuisl guamerpom okono 0,6 pm B 94% cirygaeB. UToObI MaKCHMU3H-
poBath 3pdeKT GUIBTpALUK IPH HOILICHUH TON MAcKH, MbI periii ucnoib3oBars Guinsrp ULPA, nepekpoithiit punsrpom FFP2. Mer
HPOBEPHIIH IUIOTHOCTB ATON MAaCKH, IIPOBEPUB OOKOBOE OTCYTCTBHE TePMETHIHOCTH, YIEP)KUBAsl CTAOMIN3UPOBAHHBIH JIMCT HA BHELIIHEH
TIOBEPXHOCTH B Pe3yJIbTaTe IPHCACHIBAHMS BO BpeMs Boxa. MBI Takoke J00aBIUIIN K KpasiM MAaCKH, KOHTAKTHPYIOIIEH ¢ nioM, nepudge-
pHifHOE CHIIMKOHOBOE YILIOTHEHHUE, MOJIMMEPU30BAaHHOE Ha JIHIIE, YTOOBI H30eXkKaTh KaKHX-TH00 CICIO0B MM HIPAMOB MOCIIE yIaJICHUS
9TOH MACKH, OZHOBPEMEHHO YBEIN4MBas KOM(MOPT MPAKTHKYIOMIEro Bpada. TeXHOIOTHs, KOTOPYIO MBI IIPENIOWIH - ITyTeM HAJIOKCHHS
IBYyX (GuiIbTpoB (TepBHIid ¢ mopuctocThio 0,6 pm, a BTopoii 0,1 pm). DTo MO3BOIMIO HAM YCHIUTD (PUIBTPALIMIO M HCIIONIB30BaTh (DHUIIBTP
B TeueHune 40 yacos. OOmas ce0eCTOMMOCTh MAaCKU COCTaBIISIET OKOJIO 9 €.

BriBoabl. Coo011ecTBO OTKPHITOrO IMPOrPaMMHOI0 00€CIIeUeHH s 1aBaTh BO3ZMOXXHOCTh MOMYJSIpU3UpoBaTh 3D-1eyars,
BMECTe C TeM H03BOJIsIeT JIro0oMy Biasiensily 3D-npuHTepa HCIoIb30BaTh CBOE 000pyIOBaHHE MO CHIDKEHHOW neHe. OJHako BOIpPOC
HHTEIUIEKTYaIbHOH COOCTBEHHOCTH HO-TIPEXKHEMY TpeOyeT pemeHus. B 4acTHOCTH, B OTHONIEHHN MEIHMIIMHCKHX CPE/ICTB, KOTOPHIC
HEBO3MOXHO IPHOOPECTH B KpaTHaiIIie CPOKU BO BPeMsI ITaHIEMUYECKOTO KPU3HCa, BEI3BaHHOMY BHpycoM Covid-19.

KuroueBsie ciioBa: Lowell Makes macka, PLA, 3D neuars, ULPA ¢umstp.
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CHRONIC / XPOHIKW

J1O 180-PIHYA HALIIOHAJIBHOI'O MEJIMYHOI'O YHIBEPCUTETY
IMEHI O.0. BOI'OMOJIbLIA.

HAPUC TTPO MUKOJIY HUKU®OPOBUYA 3AMKA —
BUJIATHOTI O ITATO®I3IOJIOIA,
YYHA OJIEKCAHIPA OJIEKCAH/IPOBHNYA BOI'OMOJIBLIA

MUKOJIA HUKU®OPOBHUY 3AMKO -
BU3HAYHUU BUEHUU I ITEJAT'OI'

HarmionanbHui MEIUYHUN YHIBEpCUTET iMeHI
0O.0. boromoabIlg iie 4O CBOTO IOBil€0, Bi3HA-
yarouu 180 pokiB CBOET MisUTBHOCTI. 3a Tei Malixke
JIBOXCOTPIYHUH TEpioa B HOTO CTiHAX MpAIfOBAIH
HaWBHUATHIIII TPEACTABHUKH TEOPETUIHOT 1 KITiHIY-
HOT MEJTUIIMHMY, SIKi 3pOOHITN BarOMHUT BHECOK Y pO3-
BHATOK HOBHX HAIPSIMiB MEIUYHOI HayKH, CTBOPIO-
BaJIM 1 OYOJIOBAJIM KadeapH i ToTyBaJId MaiOyTHIX
nikapiB. Cepell HUX YiJIbHE MicCIle 3aliMa€e MoCTaTh
wieHa-kopecnonaenta AMH CPCP, 3aciyxeHoro
nisua Hayku YPCP, Jlaypeara gep>kaBHOi mpemii
YPCP B ramysi Haykd, JOKTOpa MEAUYHUX HAyK,
npodecopa 3aiika Mukonu HukudopoBuya, sikuii,
nounHaoun 3 1960 poky, OyB 3aBigyBadeM Kadeapu
naronorivHoi ¢izionorii. Busnadnuii BueHuii, Tana-
HOBHUTHI OpraHi3aTop HayKH, 9yJIOBUH I1€1aror, BiH
3pO0HB HEOLIHEHHHUI BHECOK Y PO3BUTOK Marodizio-
JIOTIT 1 CIIPHSB i THECEHHIO aBTOpUTETY KHiBChKOTO
MEIUIHOTO IHCTHTYTY.

3aiiko M.H. npoiiioB sickpaBuii MIJISIX CTAaHOB-
JICHHSI SIK HayKOBeIlb 1 efaror. Bin HaBuaBcst Ha Me-
JuaHOMY (akynbTeTi 2 MOCKOBCBHKOTO IEPKABHOTO
yHiBepcutety y 1926-1931 pp. Kypc naronoriunoi
¢izionorii HUM Oyn0 poizeHo Oe3mocepeaHbO Yy
0.0. boromosbLs, KU TONI B YHIBEPCUTETI 04O-
JIIOBAB BiANOBIAHY Kadenpy. Sk 001apoBaHOro BU-
nyckauka, O.0. boromorens pekomenaysas M.H.
3aiika 10 BCTymy 1o acmipantypu npu Akanemii Hayk CPCP B Jleninrpani. [Ticist 3akiHYeHHS aclipaHTypH BiH
IPAIfOBaB B [HCTUTYTI eKCIIEpUMEHTANBHOI MEAUIIMHH 11T KEPIBHAIITBOM TaKHWX BHIATHUX BUCHHX, SIK TIpOde-
cop 10.C. JlonnoH, akanemik M.M. AniukoB. OnHouacHo M.H. 3aiiko 3aliMaBCs BUKIIaIalbKOIO AiSUTLHICTIO B
11 JIeHiHTpaACHbKOMY MEIUYHOMY 1HCTUTYTI Ha Kadeapi maTooriqHol ¢hi3ioorii, 1Ky O4OIOBaB OJWH i3 Hal-
crapimux yuaaiB O.0. boromonsus npodecop JI.P. [lepensman. Y 1949 p. min kepiBaunTBoMm M.M. AHiUkoBa
BiH 3aXHCTHB JTOKTOPCHKY AHcepTaliio « ExcriepuMeHTanbHi JOCTIKEHHST HEHPOapaiTHIHOTO KEPATHTY,
1o Oyrna #oro nepiorw GyHIaMEHTaIBHOO MPaLelo 3 IpodiieM HepBOBOT TPO(hiKU, BUBYCHHIO SIKOT BiH B TO-
JANTBIIIOMY TIPUCBSITUB CBOIO HAYKOBY IisSUTBHICTb.

Y 1950 p. M.H. 3aiika Oyno oOpaHo 3aBigyBadyeM Kadeapu maTonoriyHoi ¢izionorii Oaecbkoro METUIHOTO
IHCTUTYTY, Ji¢ BiH mpamtoBaB 10 1960 p. TyT BiH opraHizyBaB ofHy 3 HepIIuX B YKpaiHi paioi3oTonHy i1abo-
paropito, o pO3UIMPHIO MOKIIUBOCTI TaTO(i310JOTTUHUX AOCTIIKEHb, 30KpeMa IIPY BUBYSHHI POJIi TiCTO-Te-
MaTUYHUX Oap’epiB B OpraHi3Mi B HOPMAIBHHX 1 MATOJIOTIYHAX YMOBaX.
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MUKOSNA HUKV®OPOBWY 3ANKO — BU3HAYHUIA BYEHUIA | MEOAIOr

VY 1955-1957 pp. M.H. 3aiixo nepedyBaB y HayKOBOMY
BigpsmKenHi y M. Mena (HiMelpka 1eMOKpaTHUHA pecIy-
0Oiika), Jie BiH OpraHi3yBaB IEpILy CaMOCTiHHY Kadeapy
B yHiBepcuTeTi iM. @. lllnmepa, a Takoxx pagioi3oTONHy
naboparopito. Ypsa HJIP Bucoko oninuB misuteHicTs M.H.
3aiika, HATOPOJIMBIIY HOTO MENAILTIO «3a 3aCIyTH TepeT
ZepyKaBOIOY», a KEPIBHULITBO YHIBEPCUTETY BPYIHIIO HOMY
Menans iM. O. [lunnepa.

VY 1960 p. M.H. 3aiika 6yn0 oOpaHO 3aBigyBadeM Ka-
¢deapu naronoriunoi ¢iziosnorii KuiBcbkoro MeanuHoro
iHcTUTyTYy iM. O.O. Boromosbus, 1 Ha il mocaai BiH npa-
mroBaB 10 1986 p., micns yoro, 10 KiHis cBoro kutTs (1991
p.), obiiimaB mocany npodecopa kadenpu.

M.H. 3aiiko MaB ciaBy HallKpaloro JIEKTopa MEAUYHO-
ro IHCTUTYTy. Maiouu BHpa3Hy 30BHIIIHICTh, KPACHBHI 32
TeMOPOM TOJI0C, IEMOHCTPYIOUH O€3/10TaHHE 3HAHHS MOBH,
CBOIM TEMIIEPaMEHTOM, EHEPTifHUM BUKIAJaHHSIM YiTKO
BHOYZIOBAHOTO 3MICTY JIEKITIT BiH BiJIpa3y 3aXOILTIOBAB CITyXa-
qiB. Mukosia HUKH(popoBHY Jy>xe peTelTbHO rOTyBaBCs 5K J0
CTYNEHTCHKUX JIKIIiH, TaK i 10 BUCTYIIIB Iepe HAyKOBIISIMHE
1 JiKapsIMH, TPUAUIIOYHN BEIHKY yBary LIFOCTPaTHBHOMY
Marepiaiy, IKUii BiH roTyBaB BilacHOpyY. JIek1ii BiH BBaykaB
OJTHUM 13 HallBaXIMBIIINX €IEMEHTIB HABYaHHS CTYJICHTIB.

Muxona Hukudoposud 3axorutoBascs ¢otorpadyBan-
HsIM. Y Horo ¢oTokonekuii Oyau 4ymoBi 3HIMKH, 1 HAaBITh
MOPTPETH 0araThbOX BiJOMHUX JIFOJICH.

3a gacis iioro 3aBigyBaHHS Kadeapa, 3a pe3yasraTaMu
CBOE€T TISITBHOCTI, 0araTo poKiB BU3HABAJIUCS HAHKPAIIOK i Ha (haKyIbTeTi, 1 B IHCTHTYTI, OyJia IIepeMOoKIIeM B
PI3HOTO POy 3MaraHHsX, IPUTAMAaHHUX JIJIS TOTO Yacy, i Mayia 6araro BiJj3HaK.

Sk yuenwmii-narodizionor, M.H. 3aiiko pa3oM i3 cBOIMH yUHSMHU, CIIIBPOOITHHKAMHU Kadeapu 6arato pokis
PO3pOOIISIB OJHY 13 BOXKIIMBUX MEIHKO-010JI0TTYHUX MPoOIieM — IpodiieMy HepBOBOi TPO(DiKK 1 HEBPOTEHHHUX
nuctpodii. Bynu po3po0biieHi ekcriepruMeHTalIbHI MOJIeNTi HEHPOaUCTPO(IYHOrO MPOLECY NUITXOM BUOIPKOBOTO
MEPETHHY YYTIUBHUX, PYXOBHX, CAMIIATHYHUX 1 MAPACHMIIATHYHUX HEPBIB, BUBYCHI MOCTACHEPBALiHHI 3MiHA
B PI3HOMaHITHHX OpraHax 1 TKaHWHAX i3 3aCTOCYBaHHIM MOP(OJIOriYHHUX, O10XIMIYHUX 1 (QYHKIIOHATBHIX
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METO/IiB JOCHIJIKSHHS, 110 JJO3BOJIMIIO BCTAHOBUTH 3aKOHOMIPHOCTI PO3BUTKY HEHPOTUCTPOGIUHOTO mpolie-
cy. Marepianu nociifxeHs O0yno omyOIiKOBaHO B YHCIICHHUX XypHasax i 30ipHHKaxX HayKOBHX Ipalb, BOHU

JIOTIOBIIANTUCh HAa HAYKOBUX KOH(EPEHIIisX 1 3 i31ax.

Sk opranizarop Hayku, M.H. 3aiiko maitxe 30 pokiB odomoBas criouarky KniBceke, a moTiM Ykpa-
THChbKe HayKoBi ToBapucTBa. [1ij1 iioT0 KEpiBHUIITBOM 1 3a Horo Ge3nocepenHboi aKTUBHOT y4acTi Oyio
MIPOBEJICHO Maiike BCl pecnyOiikaHChKi KoH(pepeH il marodizionoris 1o 1991 poky.

M.H. 3aiiko xiticHo OyB YuuTesnaeM 3 BEIUKOT JITEPH, 1 10 HHOTO 0X0Ue TATHYIIACS HAYKOBA MOJIOJTb, 10 SIKOT
BiH CTaBUBCS 3 BEJIMKOIO MOBarow. Bce Te Halikpaille, 110 BiH OTPUMAaB BiJl CBOiX CIIABETHHX BUUTEIIB, BCI Ti
3HAHHSA 1 JIOCBiJl, IKHMH BiH BOJIOJIIB, BiH IIHUPO JapyBaB CBOIM YUHSM, cepel IKUX 0arato BiJIOMHX yUEHHUX
—akaneMik HAH ta HAMH Vkpainu I'M. byrenko, akanemik HAMH VYkpainu O.I. Pe3nikoB, uieHHu-Kopec-
nonaenTd HAMH VYkpainu E.B. Ttoruinr 1 B.A. MixuboB, uien-kop. AITH Ykpainu FO.B. buns, npodecopu
O.B. Araman, B.O. I'op6ans, JI.O. ITonosa, O.1. CykmaHchkuii Ta iH. 3a uac po6oTH Ha Kadepi narogizionorii
B KuiBcbkOMy MEIMYHOMY IHCTUTYTI BiH MiATOTYBaB 7 JOKTOPIB Hayk i 13 kaHIUAATIB HAyK, a B IIiJIoMy 3a 57
POKIB HayKOBOI 1 MMEAArorivyHOI JisSUTBHOCTI il HOTO KEPIBHHUIITBOM IiJITOTOBIEHO 23 JOKTOPH HAyK 1 36 KaH-
IunatiB HayK. barato 3 fioro y4HiB 090JIIOBaNIHN i IPOAOBKYIOTH OYOIIOBATH KaeApH IMaTosIoriyHoi (izionorii
y 3aKJaiax BUIIOI MEIMYHOI OCBITH, JabopaTopii B HAyKOBO-IOCTIIHIX IHCTUTYTaX.

OnnauMm 3 HalOUTBIIUX HocsarHeHb M.H. 3aiika Oyiio CTBOPEHHS aBTOPCHKOTO KOJCKTHBY, SKHIA 11 HOTO
KEpIBHHIITBOM Haruvcas i BujaB y 1977 poui miapyunuk «Ilaronoridaa ¢izionoris», mo OyB BU3SHAHUH OHUM
13 HallKpaIux MiIPYYHHUKIB IS CTYAEHTIB, 1y 1981 porli koJekTHB aBTOPIB (cepel HUX 7 CHiBpOOITHUKIB
kadenpu) orpuman [epxaBHy npeMito Ykpainn. [linpydHuk 6arato pokiB mepeBUaaBaBcs, OyB BUIaHHN
YKpPaiHCBHKOIO, POCIHCHKOIO, aHTIIHCHKOIO 1 PYyMYHCHKOIO MOBaMH.

[Ie ogHMM 13 3a{yMaHuX 1 peaiz0BaHUX HUM IPOEKTiB Oyno 3anoyarkyBaHHA y 1974 poui mopiyHUX YUTaHb
0.0. boroMonblig, SIK JaHWHU NIaM’SIT1 BEJIMKOMY yYE€HOMY, i/l KEPIBHULITBOM SKOTO BiH POOMB CBOT mepii
KpoKH B Hay1li. L{i unTaHHs HaOy/Iu BETMKOI MOMYIISIPHOCTI, 1 B HUX 0X04€e Opallil y4acTh HalOLIbII BiOMi BUEHI,
K MaTto(i3ionory, TaK i IPEICTABHUKY 1HIIMX MEIUYHUX 1 O10MOTiYHUX CIeLiaIbHOCTEH.

Im’st MLH. 3aiika — moquHu 6:1aropotHO1 Ay i BEIMKOTO PO3yMy Ha3aBXIH 30epeKeThCs Y BASUIHINM aMm’s-
Ti Horo y4HiB, B icropii HarionansHoro Meanunoro yHiBepcurety imeri O.0O. boromonsis, ictopii kadenpu
narodiziosnorii, sikiit Mukona Hukudoposuu 3aiiko nmpucstuB noHax 30 poKiB CBOTO TBOPIOTO JKHUTTH.

KonexTus kadenpu narodizionorii
HMY imeni O.0. Boromoabus
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