AHOTALIIA

Tananosa 11.C. Bruus MaTE€pPUHCHKO-TIII00BO1 ekl Ha
MOpGhODYHKITIOHATFHUNM CTaH IIUTOBUIHOI 3ayI03W HamaakiB. — Ksamidikamiitna
HayKOBa Iparlsd Ha MpaBaxX PyKOIHCY.

Hucepramisi Ha 3M00yTTS HAyKOBOTO CTYIEHS HOKTOpa ¢imocodii 3 ramysi
3HaHb 22 «OXO0poHa 3JI0POB’s» 3a CHeliabHICTIO 222 «MenuiuHay, cremiani3aris
«ITaronoriuna aHaToMmis». — XapKIBCbKU HAIlOHATHHUA MEAWYHUA YHIBEPCUTET
MO3 Vkpainu, Xapkis, 2022 p.

3axuct aucepraiii BiIOyAeThCS Y XapKiBCbKOMY HaIllOHAIBHOMY MEIUYHOMY

yHiBepcuteTi MO3 Ykpainu, Xapkis, 2022 p.

HuceprarniitHa po0OoTa MPUCBIYEHA KOMIUIEKCHOMY BH3HAUECHHIO BIUIMBY
MaTE€pPUHCHKO-TUIO0BOI 1H(MEKIli Ha MOp(POPYHKIIOHAIBHUA CTaH UIMTOBUAHOI
3aJI031 HaIIa/IKIB Ta PO3po0JIeHHI cr1oco0y MOp(dOIOTiYHOI IIarHOCTUKY 3a3HAYEHOT
NaTOJIOTII.

Bigomo, mo chborogHi BHYTPIIIHBOYTPOOHI i1H(EKIi cTaHOBIATh Big 11 10
45% y CTPYKTypl NepHHATaIbHOI CMEPTHOCTI B YKpaiHi, 10 Mae OC3CYMHIBHUM
HETaTUBHUH BIUIMB Ha JEp>KaBHE COIllalbHO-€KOHOMIUHE CTaHOBHUILE. Pa3zoM 3 Tuwm,
yuMano OakTepianbHUX 1H(EKIH y BariTHUX MPOTIKAIOTh CYOKITIHIYHO a0o
0€3CUMITTOMHO, 10 YHEMOXJIHBITIOE BUKOPUCTAHHS KIIACHYHUX METO/IIB JIIarHOCTHKHU
I1€1 TATOJIOT1] y IJIOAIB Ta HOBOHAPOHKEHUX, K1 3aTMHYJIA PANTOBO. 3 1HIIIOTO OOKY,
mie oci Opakye 3HaHb CTOCOBHO MOP(OQPYHKIIOHAIBHOI JUHAMIKH Y IIMUTOBH]IHIN
3aJ1031 Mij] 4Yac OPraHOTeHE3y 32 YMOB MaTEPUHCHKO-TIOAOBUX TH(DEKIIIi.

Tomy 3a MeTy [OCHIDKEHHS OOpamu  yJOCKOHAJEHHS J1arHOCTUKHU
OakTepiasibHOI MATEPUHCHKO-TION0BOI 1H(EKIIi 13 CyOKIIHIYHUM TepediroM uepes
BU3HAYECHHS 11 BIUIMBY Ha MOpP(ODYHKIIOHATBHUNA CTaH UIUTOBUAHOI 3aJI03U
HaIa/JIKIB Ha OCHOBI EKCIIEPUMEHTAILHO-TTATOMOP(OJIOTIYHOTO JOCTIKEHHS 3

0JIOKOBOIO paH0Mi3aIli€lo.



3apaau  JOCSTHEHHS IOCTAaBJIEHOI METH HamMH OynM  BUKOpPUCTaHI
eKCIIepUMEHTaJIbHE MOJENIOBaHHA 3a yuyacTio 209 mrypiB momymsuii Wistar Albino
Glaxo, 0OiokoBa paHoOMi3allisl, COMAaTOMETPUYHHUMA, MaKpOMOP(OIOTTUHUM,
TICTOJOTIYHUNA, MIKPOMOP()OIOTiYHUN, IMYHOTICTOXIMIYHMA Ta CTaTUCTUYHHUN
METO/I 13 3aCTOCYBaHHAM 3ac00iB IIU(DPOBOro CepeIOBHIIIA.

3a 0MOMOroOI0 €KCIEPUMEHTAIbHOIO METO/Y 3a y4acTio 95-ThoX caMullb Ta
25-TM caMIliB BIATBOpWJIM OakTepiaJibHI MaTEPUHCHKO-TUIONOBI  1HQEKIli 3
CyOKIIIHIYHUM Tepedirom, 1o copuurHeni okpeMo Escherichia coli, Staphylococcus
aureus Ta Klebsiella pneumoniae, a TakoX — XpOHIYHY BHYTPIIIHBOYTPOOHY
TINOKCIIO 1 (1310JIOTIUHY BariTHICTb. Y pe3yibTaTli OTpuMaiu 88 HAIaJKIB IIypiB
(43 oy Ta 45 HOBOHAPOKEHHX). 3 BUKOPUCTAHHSIM COMATOMETPUYHOTO METOTY Y
HaIa/IKiB ITypiB BU3HAYWIMN cepeaHto Bary (rroau — 4,197+0,437 r | HoBOHapOKEHI
— 5,648+0,478 1), nopxuny Tina (mwroaun — 4,140+0,379 cMm | HOBOHApOKEHI —
5,37840,162 cm) ta nmoBxuny xBocta (twiogu — 1,331+0,088 cMm | HOBoHapoKEeHI —
1,675+0,156 cm).

MakpoMop(OJOTiYyHUM METOJOM BHU3HAYMIIM PO3TAIIyBAaHHS IUTOBUIHOI
3QJI03M Yy HAIIQJKIB Ta BIANpenapyBaad 88 MIHMIHO-TOJOBHUX (parMeHTiB, Kl
MICTUJIM 1€ OpraH, a TaKoXX — CTPaBOXiJ, Tpaxero, Xpsil (IUTOBUAHUN abo
MEPCHEBUIHUMN) Ta 1HIII CYMI1H1 TKAaHUHH.

Buyueni 3pa3ku po3noAUTHIINA 32 BIKOM Ta BIIMBOM IIiJT Yac BariTHOCTI Ha 10
rpyn: | — mJjoaM Tpynmu HEraTMBHOTO KOHTPOJIO, IO PO3BUBAIMCA 32 YMOB
¢i310510r19HO1 BariTHOCTI (n = 10), 2 — mI0au 3 MAaTEPUHCHKO-TIOAOBOIO 1H(DEKIIIEIO,
mo crnpuunHeHa Escherichia coli (n = 10), 3 — mioau 3 MaTepUHCHLKO-TLIOAOBOIO
iHpexkmiero, mo cnpuunHeHa Staphylococcus aureus (n = 8), 4 — miogu 3
MaTEepUHCHKO-TIII0/10BOIO 1H(DeKIiero, o cnipuunHeHa Klebsiella pneumoniae (n = 9),
5 — mwiIoaM TPynu TMO3UTHBHOTO KOHTPOJIIO, IO ITiIABAIMCA BIUIMBY XPOHIYHOI
BHYTPIIIHBOYTPOOHOI TiMmokcii (n = 6), 6 — HOBOHAPO/KEHI TPYNMH HETATUBHOTO
KOHTPOJIFO, W0 pPO3BUBaIUCA 3a yMOB (i3ionoriydoi BaritHocTi (n = 13),
7 — HOBOHApO/KEHI 3 MAaTEPUHCHKO-TUIOAOBOIO 1H(DEKIIEI0, M0 CHPUYMHEHA

Escherichia coli (n = 7), 8 — HoBOHapoKeHI 3 MATEPUHCHKO-TUIOAOBOKO iH(DEKIII€TO,



mo cnpuunHeHa Staphylococcus aureus (n = 7), 9 — HOBOHAPOIKEHI 3 MATEPUHCHKO-
wiofoBoio iHpekiieo, mo cnpuunHeHa Klebsiella pneumoniae (n = 7), 10 —
HOBOHAPOXKEHI TPYNH MO3UTUBHOTO KOHTPOJIIO, K1 PO3BUBAIMCS 32 YMOB XPOHIYHOI
BHYTPIITHBOYTPOOHOT Tinokcii (n = 7).

3 BUKOPHUCTaHHSM TICTOJIOTIYHOTO METONy 3amwin 88 mapadiHoBuX OJOKIB, 3
SAKWX Ha MIKPOTOMi BUTOTOBHJIM 3pi3H 5-6 MKM 3aBTOBIIKH y KiJTbKOCTI 271 3pa3ox,
171 3 axux Hagadi 3a0apBiOBAIM T€MAaTOKCHJIIIHOM Ta €03MHOM, 3a METOJaMU
Mannopi ta Ban I'izona, a 100, mo 3amumuiaucs, oOpoOUId MOHOKJIOHAJILHUMHU
aHTUTLIAaMU 10 TUPOKCHUHY, KosareHiB | ta Il tumis, pakTopy HEKpo3y MyXJIHHH Ta
1HTEpJIEHKIHY-6 y 0a30B1i METOAMII IMyHO(IYOPECLIEHTHOTO aHAJI3y 3a HENpPsIMUM
metogoMm Kynca. Ilig yac MikpoMop(oJIOTiyHOrO METOJy HUISXOM BHUKOPHCTAHHS
Mmikpockomna Carl Zeiss PrimoStar BCTaHOBWIM HasBHICTb UIMTOBUAHHMX 3aJI03 Y
3pa3kax Ta 3poounu cepito Mikpodororpadiii Ha 30uTbIIeHHSIX x40, X100 Ta %400
kameporo Carl Zeiss Axiocam 105 y nporpamuomy 3abe3nedenni ZEN Blue Edition
(Bepcis 2.0) 3araibHOIO KUTBKICTIO 813 3HIMKIB.

3 JOTpUMaHHSM BUMOT OJIOKOBOI paHjomizalii MeToaoM MopdomeTpii y
nporpamMHoMy  3abesmeueHHi  Image]  (Bepcii 1.52a-1.520)  Bumipsm
7 TICTOCTPYKTYPHHUX IMapaMeTpiB IIMTOBUIHOI 3aJI03U HAIIQJKIB, a caMe — TUIONLY
domikyna (Sfol, Mrm®), miamerp ¢omixyma (Dfol, mxm), Bucory THpomuta (Hthyr,
MKM), Tiomry tupouuTa (Sthyr, Mxm®), miomy ruromiasmu (Scyt, MKM?); ILIOILY
sapa  (Snuc, MKM®) 3 MOJAIBIIAM PO3PAXYHKOM  SAEPHO-LMTOIIA3MATHIHOTO
BiHomeHHs: (NCR). Ilpu npoMy 11 BU3HAUEHHS CEpENHIX 3HAa4Y€Hb IUIOUI Ta
niamerpa ¢oitikyia BukoHanu 120 3amipiB y 10 mossix 30py A KOKHOTO 3pa3ka, a
JUTsl BU3HAYEHHSI CEpe/IHIX 3HAYeHb BHCOTU Ta IUIOINIl TUPOILMUTA PAa3oM 3 ILJIOIIAMU
nuToruiasmMu Ta siapa — 210 3amipiB y 10 nossix 30py A KOKHOTO 3pa3Ka, 10 CKIIAIo
12000 3amipiB 3arajiom.

IMmyHODITyOpECIIEHTHUM METOJIOM, MIJISXOM BH3HAYEHHS ONTUYHOI IIIJTLHOCTI
(ODF, vy.0.) Ta moum ¢ayopecuenmii (SF, mikcens) 3a  J0MOMOro0
moMiHectieHTHoro Mikpockoma Carl Zeiss Axioskop 40 FL, ¢ororpadyBanns momis

3opy mudpoBoro (dorokameporo Canon AS520 y xuibkocti 200 3HIMKIB Ta



BUKOpPHUCTaHHA mporpamu Imagel, nmocmigmnmm 5 MOJEKYISpHHX MapKepiB
MOP(POPYHKITIOHATHPHOTO CTaHy IMMUTOBUIHOI 37103, & CaMe — THPOKCHH, KoJlareH! |
ta III TumiB, ¢akTop HEKPO3Y MYyXJIUHH, IHTEPJICHKIH-6 Ha 30UIbImIeHH X X100, X250
Ta x600.

[lin yac CTAaTUCTUYHOrO aHami3y, SKAW BUKOHYBAIM Yy MPOrPaMHOMY
CEepEeNOBUII I cTaTUCTUYHUX oO0uuciaeHb RStudio moBoro R (minensis: GNU GPL
v2) 3 MIOKITIOYeHHsIM makeTiB ggplot2, dplyr, pastecs Ta graphics, BUSBWIN Mipu
IIEHTPaJbHOI TEHJICHIII Ta MIHJIMBOCTI HAOOpYy JaHUX, MEPEBIPUIN TIMOTE3Y PO
HOpMaJbHICTh po3mnofiuieHHs TectoM [lamipo-VYinka, mnepeBipwin  PpiBHICTD
aucnepciii Mk BUOIpkamMu KputepleM baprierTta, HopMali3yBajv J1aHl 32 METOJOM
bokca-Kokca, mopiBHSIM cepelAHl 3HAYEHHA KIUIBKICHUX O3HaK  KOXXHOTO
MOpGO(DYHKIIIOHATFHOTO TOKa3HUKA MDK TpylaMd Ta BU3HAYWIM, YU 1CHYIOTH
CTATUCTUYHO 3HAUYIIl BIAMIHHOCTI MDK 3MIHHUMHU [UISIXOM OJHO(AKTOPHOTO
IUcHepciiHoro aHanizy. Jias KOHTpOIIO TpynoBoi HMOBIPHOCTI MOMUJIKM BUKOHAJIU
anocTeplopHi MOpIBHIHHSA 3a MeTo oM boHdepponi Tta nposenu tect T rok1 Honest
Significant Difference 3 Bizyamizamiero. HynboBy Trimore3y mpo BIACYTHICTh
BIJIMIHHOCTEN MIX TpylaMu BIJKHIAJIW Y TOMY BUIIAAKY, KOJIA BIPOT1IHICT IOMUJIKA
(p) He mepeBuIyBasa MOMHIJIKY TMEPIIOrO POy, 1o Oyina BcranomieHa 3a 0,001
(p<0,001). Takox I KOXKHOI 3MIHHOT BU3HAYaJId MMOPOTOBY MATOJOTIUHY BEIMIHHY
(TPV), mo xapakTepu3ye KUIbKICHE TpaHWYHE 3HaueHHS MOPQHO]YHKIIOHATHHOTO
napameTpa Ta Bu3Hauae naronoriyauil Tpeuna (PT), sxuit Bkasye Ha TUHAMIKY 3MIiH
y 4aci.

Pe3ynbpraTu aHanizy 3acBiAYWIM, 10 Y UIMTOBUAHIN 3a1031 IUIOAIB LIypIB, K1
pPO3BUBAIMCA B yMOBaX SIK CYOKJIHIYHUX OaKTepiaIbHUX MaTE€pPUHCHKO-TIJIOIOBUX
1H(EKIIH, TaK 1 XpOHIYHOI BHYTPIIIHBOYTPOOHOI T1MOKCIT MOPIBHSAHO 3 HErATUBHUM
KOHTpoJieM (OPMYIOThCS 3MiHH, $Ki, TMO-TIEpIe, BiAMOBIJAIOTH ITiIBUIICHHIO
CEeKpPETOPHOI aKTHUBHOCTI 3ajJ03M, Ha WI0 BKa3ylOTh: 3MEHILIEHHS SIEPHO-
nurorasmatuyHoro iHjaekcy (PT|, TPV:0,651+0,091 npotu 1,112+0,067; p<0,001),
36umpmenHs Bucotu (PT1T, TPV:10,353+0,077 npotu 5,9344+0,07; p<0,001) Ta mromti
tuporuta (PTT, TPV:56,506+0,332 npotu 20,833+0,587; p<0,001), mocuieHHs



iHTeHCUBHOCTI  uryopectienuii  Tupokcuny (PT7, TPV:85,53+0,132 mpotu
79,8240,199; p<0,001) Ta 36inpmenss i wiont (PTT, TPV:133376,7+709,907 npotu
129090,4+544,064; p<0,001) y mnpemaparax, O0OpoOOJEHUX  BIAMOBITHUMHU
MOHOKJIOHAIbHUMHU aHTUTUIaMu. [lo-apyre, 3acBiAUMiIM TPUCKOPEHHS TEMIIIB
BU3pIBaHHS IIMTOBMJIHOI 3aji03d uepe3 30uIblIeHHS jgiamerpa ¢oiikymna (PTT,
TPV:17,655+0,641 mpotu 16,213+0,661; p<0,001) Ta mocuieHHs 1HTEHCHUBHOCTI
dnyopecuennii komareny [ tumy (PTT, TPV:51,915+0,234 nmporu 33,842+0,158;
p<0,001).

KpiMm Toro, pesympbraTd BKa3aJid Ha  TOMIOHICTH MDK  c000IO
MOphO(DYHKIIIOHATFHUX 3MIH Yy IIUTOBUAHINA 3a7031 HOBOHAPO/KEHHUX, SIKi
PO3BUBAIKCS B YyMOBaX CYOKIIHIYHUX OaKTepiaibHUX MAaTepPUHCHKO-TIOAOBHUX
iH(ekuid, mo cnpuunHeHi Escherichia coli, Staphylococcus aureus Ta Klebsiella
pneumoniae, a TakoXX — XpOHIYHOI BHYTPIIIHBOYTPOOHOT rimokcii. [TopiBHIOMOUN 3
HEraTUBHUM KOHTPOJIEM, MU BIAMITWJIM TIOMIpHE 3MEHIIEHHS (YHKI[IOHAIBHOI
HaIlpYTy OpraHa, SKoMy MOp(OJIOTIYHO BIANOBIIAIOTh 3MEHIIEHHS CEPEIHIX 3HAYECHb
Bucotu tupouurta (PT|, TPV: 7,635+0,032 mpotu 8,191+0,027; p<0,001) Ta ioro
rom (PTY, TPV: 33,656+0,215 npotu 36,923+0,098; p<0,001), a Takoxk 3HUKEHHS
onTuyHOI mIbHOCTI (ayopecueniii tupokcuny (PT|, TPV: 82,660,213 mpotu
85,911+0,274; p<0,001); npUCKOPEHHS TMEPEIYACHOTO JO3pPiBaHHSA OpraHa, IIo
BimOWiocs 30uIblieHHsM aiamerpa domikyna (PTT, TPV: 29,603+0,097 npotu
25,157+£0,112; p<0,001) Ta onTtuuHoi mrILHOCTI KomarewiB III (PTf, TPV:
61,268+0,115 mpotu 47,94+0,176; p<0,001) ta I tumis (PT?T, TPV: 63,131+0,174
npotu 55,1734+0,268; p<0,001). Kpim Toro, peecTpyBaiu npsiMi 03HAKH KJIITUHHOTO
MOIIKO/KEHHS, a caMe — MIABUIICHHS PIBHS ONTHYHOI IIIJIBHOCTI (hiryopeciieHiii
KJIITUH-TIPOYLEHTIB (hakTopy Hekpo3y myxauHu (PTT, TPV: 57,264+0,084 npotu
31,24+0,321; p<0,001) Ta inTepaeiikina-6 (PT7, TPV: 60,239+0,293 mnportu
37,016+0,155; p<0,001).

Bigrak, HoBM3Ha poOOTM TOJsITa€E B HAacTymHoMmy. Bmepme Ha
EKCIIEpUMEHTAJILHOMY MaTepiaii, a camMe IIMUTOBUIHUX 3aj03aX IUIOMIB Ta

HOBOHAPOXKEHHUX IIYpiB, Kl PO3BUBAIMCS 3a YMOB CYOKIIHIYHMX OaKTeplaabHUX



MaTEPUHCHKO-TUIOAOBUX 1H(eKuli, mo cnpuunHeHi okpemo Escherichia coli,
Staphylococcus  aureus Ta  Klebsiella ~ pneumoniae, Ta  XpOHIYHOI
BHYTPIITHBOYTPOOHOI TIMOKCii, B Pe3yabTaTl KOMIUIEKCHOTO MaTOMOP(OIOTIYHOTO
JOCITIJKEHHST  3apeecTpoBaHi MOPQPOQPYHKITIOHATBHI 3MiHHM, 10 BHHHUKAIOTH Y
KOMIIOHEHTaX OpraHa Ha TJ1 BHIIEe3a3HAYCHUX CTaHIB. BcTaHOBIEHI ¥ TMOpIBHAHI
XapakTep, CTyMiHb BUPA3HOCTI Ta JUHAMIKA IIUX 3MiH B 3aJIEKHOCTI Bij T€CTaIlliHOTO
BIKY Ta (JaKTOpy BILTUBY.

VYnepiie chopMynbOBaHO KOHIIEMI[IIO MPO BILIUB OaKTepiaibHOI MATEPUHCHKO-
110/10BO1 1H(EKIIT Ha MOPPOPYHKITIOHATBHUN CTaH IMMUTOBUIHOI 3271031 HAIA/IKIB,
3TITHO 3 SKOK CIIOYATKy BI1JAOYBAa€TbCS BUBUIBHEHHS MaTOrEH-acOLIOBaHUX
MOJIEKYJIIPHUX TATEPHIB B OpraHi3Mi marepi, 10 MOTPAILIIIOTH 0 TJIAIEHTaPHOTO
KPOBOTOKY M OpraHiamy IUIOAa, aKTHUBYIOTh MicueBuii imyHiTer Ta TLR-
OTIOCEPEIKOBAHUN CUTHAJIBHUM MUISX, YepPE3 SIKUM Pealli3oBYEThCS BPOKEHA IMyHHA
BIJINOBIJIb Ta 3MIHIOETHCS MICIIEBUN IIUTOKIHOBHUI MPOodiib YHACIIIOK BUBLUILHEHHS
MEIIaTOpIB  3amaJieHHs. 3aTUM  BiAOYBAa€ThCS  aKTUBAIlisl  AMONTHUYHUX  Ta
HEKPONTHUYHHUX KACKaJIIB Yepe3 B3a€MOJII0 3 OUIKaMU JOMEHY CMEpPTI Ta Kacma3zaMu,
MIOIIKO/KYEThCS KIIITHHHUN KOMITAPTMEHT OpTaHa, IO MPU3BOANUTH 10 AUCQPYHKITIT
3aJ1031 Ha MOJIEKYJISIpHOMY piBHI. MOpGOJIOTIUHO 1€ MiATBEPIKYETHCA TUM, IO Y
IJIOJIB TOCHJTIOETHCS TIpoJiipepaltiss TUPEOITHOTO eMmiTelNi0 (30UIBIIYIOTECS BHUCOTA
Ta TUIONIA TUPOIUTA, AiaMeTp (QoJiKyia) Ta BHU3PIBAHHS CTPOMH (301IBIIYETHCS
oA Ta ONTHUYHA HIUIBHICTE Quryopecteniii konareny III tumy), migBumniyerscs
CUHTETUYHA aKTHUBHICTh TUPOLMTIB (30LIBIIYIOTHCS IJIOMIA T4 ONTHYHA LIUJIBHICTH
bayopecieHIlii TUPOKCUHY); MI3HIIIE Y HOBOHAPOKEHUX CHUHTETUYHA AKTHUBHICTH
TUPOIIMTIB TMOCHA0MIOETHCS  (3MEHIIYEThCS ONTHYHA UIUIBHICTH (PuryopecieHiii
TUPOKCUHY), aJie  MPOAOBXKYIOTh IOCHIIOBAaTUCS  Mpoiidepaiiss  emiTesito
(301bIIyIOTBCST  TUTONIA  (IIyOpecHeHIlii TUPOKCHHY Ta JiaMmeTp (Qomikyma) Ta
BU3PIBAHHS CTPOMH (30UIBIITYIOTHCS TJIONMIA T4 OMTHYHA IMIUIBHICTH (DIIyopecieHIi
kojareHiB [ Ta III TumiB), 3’SABISAIOTBCS MOJEKYJSAPHI O3HAKU KIITHHHOIO
MOIIKO/KEHHS (PEECTPYIOTHCA BHCOKI TOKA3HUKW OMTHYHOI MIUTHPHOCTI Ta TLIONII

bayopeciteHIii IHTepieKiny-6 Ta ¢akTopy Hekpo3y myxyuHH). Lle npusBoauTs 10



BUCHAXEHHSI MICIIEBOIO BpOJDKEHOIO IMYHITETY, IO € OCHOBOIO aJanTHBHO-
KOMIIEHCATOPHOT'O pEe3epBY INUTOBUAHOI 3ayio3u, Ta (opmye MOp(HOTeHETUUHUN
NOTEHI[laN [l aBTOIMYHHMX Ta OHKOJIOTIYHUX 3aXBOPIOBaHb I[OTO OpraHa y
HaIa/IKIB.

VYnepuie po3po0ieHO A0Ka30BUN CMOCIO KOMIUIEKCHOI MatoMop(oioriyHoi
JIIarHOCTUKHU BIUIMBY MaTE€PUHCHKO-TII0/I0BOI 1H(eKIi Ha MopdodyHKIIIOHATHHUN
CTaH NIUTOBUAHOI 3ajJI03W HAIMAJIKIB Ha EKCIIEPUMEHTATHPHOMY MaTepiaii 3
BUKOPUCTAaHHAM  1MdpoBoi  MopdomeTpii, IMYyHO(PIYOPECIIEHTHOTO  aHami3y,
nporpamMu i aHAMTHYHOI poOOTH 3 300pakeHHsMH Image] Ta mporpamMHOTO
cepelioBUIIA JJIsI CTaTUCTUYHUX oOuuciieHb RStudio, 3 BukopucTaHHSIM MOBH R;
Busznadeni rosoBHi MopdodyHKIIOHATIBHI MapaMeTpH IUTOBHUIHOI 3aJI03W: JJIs
IJIOMIB — 1€ TUIola Ta AlaMeTp (osikyia, BUCOTA Ta IUIONIA TUPOLMTA, IUIONI sSapa
Ta IUTOIUIa3MU, SACPHO-IUTOIUIA3MATUYHE BIJHOIICHHS, IOKa3HUKU ONTUYHOI
HIUTBHOCTI Ta IOl (UiyopecleHiii THPOKCHMHY 1 KojareHy [ tumy; ms
HOBOHAPO/KEHUX — IIe IUlola Ta giaMetp ¢oikysiaa, BUCOTA Ta IUIOLIA TUPOIIMTA,
MOKa3HUKK ONTUYHOI HIIJILHOCTI Ta mionli ¢uryopectenilii koiarenis I ta Il Tumis,
1HTEpeKIHY-6 Ta (DaKTOpy HEKPO3Y MYXJIUHHU.

Posmiipeno Ta JOMOBHEHO BiOMI TEOPETUYHO-TIPUKIIAHI TOJOKEHHS PO
MATOJIOTIYHY aHATOMIIO IJI0JIa Ta HOBOHAPOHKEHOTO MPU MATEPUHCHKO-TUIOMOBIM
iH(peknii. Halymo mnopanbmioro po3BUTKY 3HAHHA MPO  OJHOCHPSIMOBAHICTh
MOp@oJoTiyHrUX 1 (YHKIIOHATBLHUX 3MIH B OpraHi3mi IUI0/Aa, IO TOB’sA3aHl 3
CyOKIJIIHIYHUMH OakTeplaJbHUMU MaTE€PUHCHKO-TUIONOBOI 1H(EKIIi Ta XpOHIYHOI
BHYTPIIIHBOYTPOOHOI TINOKCIi. 3 OrJsiAy Ha IHTEHCHBHICTH MOP(OJIOTIYHUX 3MiH,
YTOYHEHO, 1[0 HaHEOe3MEeUHIMOo 1H(EKIIEI0 cepell TUX, SIKI JOCTIKYBAINCS, IS
TUPEOINHOIO OPraHOreHe3y HallaJKIB € MaTEePUHCHKO-TUIOA0BA 1H(EKId, 10

cnpuurHeHa Staphylococcus aureus.

Kntouosi cnosa: mopdodyHKIIOHATBHUN CTaH, HMTOMNOAIOHA 3aio3a, IIyp,
ILTi7l, HOBOHAPOKEHUH, MAaTePUHCHKO-TIOAOBA 1H(MEKITis, TIIMOKCis, TepUHATATIbHHMA

nepioz.



SUMMARY

Talapova PS. The influence of maternal-fetal infection on the
morphofunctional state of the thyroid gland of offspring. — Qualifying scientific work
on manuscript rights.
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of Ukraine, Kharkiv, 2022.
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of Kharkiv National Medical University, Ministry of Health of Ukraine, 2022.

The dissertation is devoted to the comprehensive determination of the influence
of maternal-fetal infection on the morphofunctional state of the thyroid gland of
offspring and the development of a method for morphological diagnosis of mentioned
pathology.

Nowadays, intrauterine infections account for 11 to 45% of the structure of
perinatal mortality in Ukraine, which has a clear negative impact on the local
socioeconomic status. However, many bacterial infections in pregnant women are
subclinical or even asymptomatic, which makes it impossible to use classical
methods of diagnosis of this pathology in fetuses and newborns that died suddenly.
On the other hand, there is still a lack of knowledge about the morphofunctional
dynamics of the thyroid gland during organogenesis under maternal-fetal infections
in the perinatal period.

Therefore, the aim of the study was to improve the diagnosis of bacterial
maternal-fetal infection with a subclinical course by determining its effect on the
morphofunctional state of the thyroid gland of progeny based on an experimental
pathomorphological study with block randomization.

To achieve the goal, we used experimental modeling comprising 209 Wistar

Albino Glaxo rats; block randomization, somatometric, macromorphological,



histological, micromorphological, immunohistochemical, statistical methods, and
digital environment.

Using an experimental method with the participation of 95 female and 25 male
rats we reproduced bacterial maternal-fetal infections with a subclinical course
caused separately by Escherichia coli, Staphylococcus aureus, and Klebsiella
pneumoniae, as well as chronic intrauterine hypoxia and physiological pregnancy. As
a result, 88 rat offspring were obtained (43 fetuses and 45 newborns). Using the
somatometric method, the average weight (fetuses — 4,197+0,437 g | newborns —
5,648+0,478 g), body length (fetuses — 4,140 £0,379 cm | newborns — 5,378+0,162
cm) and tail length (fetuses — 1,331+0,088 c¢cm | newborns — 1,675+0,156 cm) of rat
offspring were determined.

The anatomical location of the thyroid gland in progeny was determined by the
macromorphological method, and 88 tissue fragments containing the thyroid along
with the esophagus, trachea, cartilage (thyroid or cricoid), and other adjacent tissues
were prepared.

The extracted samples were divided into 10 groups by age and exposure during
pregnancy: 1 — fetuses of the negative control group, which developed under
physiological pregnancy (n = 10), 2 — fetuses with the maternal-fetal infection caused
by Escherichia coli (n = 10), 3 — fetuses with the maternal-fetal infection caused by
Staphylococcus aureus (n = 8), 4 — fetuses with the maternal-fetal infection caused by
Klebsiella pneumoniae (n = 9), 5 — fetuses of the positive control group exposed to
chronic intrauterine hypoxia (n = 6), 6 — newborns of the negative control group that
developed under physiological pregnancy (n = 13), 7 — newborns with the maternal-
fetal infection caused by Escherichia coli (n = 7), 8 — newborns with the maternal-
fetal infection caused by Staphylococcus aureus (n = 7), 9 — newborns with the
maternal-fetal infection caused by Klebsiella pneumoniae (n = 7), 10 — newborns of
the positive control group that developed under chronic intrauterine hypoxia (n = 7).

Using the histological method, 88 paraffin blocks were prepared, from which
sections 5-6 um were made on a microtome in the amount of 271 samples, 171 of

which were further stained with hematoxylin and eosin, by methods of Mallory and



Van Gieson; the remaining 100 samples were treated with monoclonal antibodies to
thyroxine, collagen types I and Ill, tumor necrosis factor-alpha and interleukin-6 for
the immunofluorescence analysis by the indirect Coons’ method. During the
micromorphological method by using a Carl Zeiss PrimoStar microscope, the
presence of thyroid glands was determined in the samples, a series of
microphotographs was taken at x40, X100 and x400 magnifications with a Carl Zeiss
Axiocam 105 camera in ZEN Blue Edition software (version 2.0) with a total number
of 813 images.

In compliance with the requirements of block randomization, by morphometry
in the ImageJ software (versions 1.52a-1.520), 7 histostructural parameters of the
offspring’s thyroid glands were determined, namely — follicle surface area (Sfol,
um?), follicle diameter (Dfol, pm), thyrocyte height (Hthyr, um), thyrocyte surface
area (Sthyr, um?), cytoplasm surface area (Scyt, pm?); the surface area of the nucleus
(Snuc, um®) with the subsequent calculation of the nuclear-cytoplasmic ratio (NCR).
To determine the average values of the surface area and diameter of the follicle, 120
measurements were performed in 10 fields of view for each sample. To determine the
average values of height, and surface area of the thyrocyte together with the surface
areas of cytoplasm and nucleus — 210 measurements in 10 fields of view for each
sample — 12000 measurements in total.

Using the immunofluorescence method, we determined the optical density
(ODF, U) and the surface area of the fluorescence (SF, pixel®) of thyroxine, collagen
types | and Il1, tumor necrosis factor-alpha, and interleukin-6 at magnifications x100,
x250 and x600 using a fluorescent microscope Carl Zeiss Axioskop 40 FL,
photography of the fields of view with a digital camera Canon A520 in the amount of
200 images of the thyroid gland and the image analysis program of ImageJ.

During the statistical analysis performed in the software environment for
statistical calculations RStudio in R (license: GNU GPL v2) with packages ggplot2,
dplyr, pastecs, and graphics, measures of the central trend and variability of the data
set were identified, the hypothesis of normality was tested by Shapiro-Wilk’s method.

Furthermore, we checked the equality of variances between samples by Bartlett's test,



normalized data by the Box-Cox method, compared the average values of
quantitative traits of each morphofunctional parameter between the groups, and
determined whether there are statistically significant differences between variables by
one-way analysis of variance. To control the group probability of error, multiple
comparison test was performed in the Bonferroni method along with Tukey HSD
visualization. The null hypothesis of no differences between groups was rejected in
the case when the probability of error did not exceed Type | error, which was set at
0,001 (p<0,001). Besides, for each variable, the threshold pathological value (TPV)
was determined, which characterizes the quantitative limit value of the
morphofunctional parameter and determines the pathological trend (PT), which
indicates the dynamics of changes in time.

The results of the analysis showed that in the thyroid gland of rat fetuses that
developed under either subclinical bacterial maternal-fetal infections or chronic
intrauterine hypoxia, compared to the negative control, there are changes, which,
firstly, correspond to the increase in the secretory activity of the gland, which is
indicated by: the decrease in the nuclear-cytoplasmic ratio (PT], TPV: 0,65140,091
vs. 1,112+0,067; p<0,001), the increase in height (PT{, TPV: 10,353+0,077 vs.
5,934+0,07; p<0,001) and thyrocyte surface area (PT?, TPV: 56,506+0,332 vs.
20,833+0,587; p<0,001), the increase in the intensity of thyroxine fluorescence (PT1,
TPV: 85,53+0,132 vs. 79,82+0,199; p<0,001) and in its surface area (PT?1, TPV:
133376,7£709,907 vs. 129090,4+544,064; p<0,001) in preparations treated with the
corresponding monoclonal antibodies. Secondly, there was evidence of an
acceleration of thyroid maturation due to an increase in follicle diameter (PT1, TPV:
17,655+0,641 vs. 16,213+0,661; p<0,001) and an increase in the fluorescence
intensity of type I collagen (PT1, TPV: 51,915+0,234 vs. 33,842+0,158; p<0,001).

Likewise, the results indicated the similarity of morphofunctional changes in
the thyroid gland of newborns, which developed under conditions of subclinical
bacterial maternal-fetal infections caused by Escherichia coli, Staphylococcus aureus,
and Klebsiella pneumoniae, as well as chronic intrauterine hypoxia. Compared with

the negative control, we noted a moderate decrease in the functional activity of the



organ, which morphologically corresponds to the following: moderate decrease in the
functional tension of the organ in the form of a decrease in average values of
thyrocyte height (PT|, TPV: 7,635+0,032 vs. 8,191+0,027; p<0,001) and its surface
area (PT], TPV: 33,656+0,215 vs. 36,923+0,098; p<0,001), as well as a decrease in
the optical density of thyroxine fluorescence (PT|, TPV: 82,660,213 vs.
85,911+0,274; p<0,001), acceleration of premature maturation of the organ, which
was reflected by the increase in follicle diameter (PT1, TPV: 29,603+0,097 vs.
25,157+0,112; p<0,001) and optical density of type III collagen (PT{, TPV:
61,268+0,115 vs. 47,94+0,176; p<0,001) and type I (PT7, TPV: 63,131+£0,174 vs.
55,17340,268; p<0,001) fluorescence. In addition, direct signs of cell damage were
recorded in the form of the increase in the fluorescence optical density of cells
producing tumor necrosis factor-alpha (PT1, TPV: 57,264+0,084 vs. 31,24+0,321;
p<0,001) and interleukin-6 (PT1, TPV: 60,239+0,293 vs. 37,016+0,155; p<0,001).

Therefore, the novelty of the work is as follows. For the first time, on
experimental material, namely thyroid glands of fetuses and newborn rats, which
developed under the subclinical bacterial maternal-fetal infections caused separately
by Escherichia coli, Staphylococcus aureus, and Klebsiella pneumoniae, and chronic
intrauterine hypoxia, as a result of a complex pathomorphological study, the changes
occurring in the components of the organ against the background of the above-
mentioned conditions were determined. The nature, the degree of severity, and
dynamics of these changes depending on the gestational age and the influencing
factor were established and compared with each other.

For the first time, the concept of the influence of bacterial maternal-fetal
infection on the morphofunctional state of the thyroid gland of offspring was
formulated, according to which pathogen-associated molecular patterns are first
released in the mother's body, then enter the placental bloodstream and the body of
the fetus, activate local immunity and the TLR-mediated signaling pathway, through
which the innate immune response is implemented and the local cytokine profile
changes due to the release of inflammatory mediators. Then apoptotic and necroptotic

cascades are activated through interaction with death domain proteins and caspases,



therefore the cellular compartment of the organ is damaged — this leads to the thyroid
dysfunction at the molecular level. Morphologically, this is confirmed by the fact that
in fetuses, the proliferation of the thyroid epithelium increases (the height and surface
area of the thyrocyte, the diameter of the follicle increase) and the maturation of the
stroma (the surface area and optical density of the fluorescence of type Ill collagen
increases), the synthetic activity of thyrocyte increases (the surface area and the
optical density of the fluorescence of thyroxine increase); later, in newborns, the
synthetic activity of thyrocyte weakens (the optical density of thyroxine fluorescence
decreases), but the proliferation of the epithelium continues to increase (the surface
area of thyroxine fluorescence and the diameter of the follicle increase) and the
maturation of the stroma (the surface area and optical density of collagen types | and
Il increase), molecular signs of cell damage (high values of optical density and
fluorescence surface area of interleukin-6 and tumor necrosis factor-alpha are
registered). This leads to depletion of local innate immunity, which is the basis of the
adaptive and compensatory reserve of the thyroid gland, and forms the
morphogenetic potential for autoimmune and oncological diseases of this organ in
progeny.

For the first time, a proven method of complex pathomorphological diagnosis
of the influence of maternal-fetal infection on the morphofunctional state of the
thyroid gland of offspring was developed on experimental material using digital
morphometry, immunofluorescence analysis, a program for processing and analyzing
scientific images ImageJ and a software environment for statistical calculations
RStudio, using the R language; The main morphofunctional parameters of the thyroid
gland were determined: for fetuses — the surface area and diameter of the follicle, the
height and surface area of the thyrocyte, the surface area of the nucleus and
cytoplasm, the nuclear-cytoplasmic ratio, optical density and surface area of
fluorescence of thyroxine and type | collagen; for newborns — the surface area and
diameter of the follicle, the height and surface area of the thyrocyte, metrics of
optical density and surface area of fluorescence of collagen types | and I,

interleukin-6 and tumor necrosis factor-alpha.



The available theoretical and applied knowledge on the pathological anatomy
of the fetus and newborn in case of maternal-fetal infection have been expanded and
supplemented. The comprehension of the unidirectionality of morphological and
functional changes in the fetal body associated with subclinical bacterial maternal-
fetal infection and chronic intrauterine hypoxia has been further developed.
Considering the intensity of morphological changes, it was elucidated that the
maternal-fetal infection caused by Staphylococcus aureus is the most dangerous

among those studied for thyroid organogenesis.
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infection, hypoxia, perinatal period.
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