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1. [laToreHeTNYHi ME€XaHi3MM PO3BUTKY 3MiH y PECIipaTOPHOMY BiflZIijli IET€Hb IIPU EKCIIEPUMEHTATILHOMY
LIyKpOBOMY JiiaberTi

2. Pathogenetic mechanisms of changes development in respiratory part of lungs in case of experimental diabetes
mellitus

Pedepar:

1. EkcnepuMmeHTH BUKOHaHi Ha 88-u 6inux mypax-camugsx JiHii Bictap macoro 170-210 r. TBapuHu 6ys11 pO3NOLiNeHi
Ha Tpu rpynu: 1 - inTakTHa (n=10); 2 - koHTpOobHA (N=40); 3 - nocninHa (n=38) 3 MOJIEJIJIIO LIyKPOBOTO JiabeTy, IKuit
BiITBOPIOBAJIY IJISIXOM BHYTPilTHbOOYEPEBUHHOTO BBEIEHHS CTPENTO30TOLMHY dipmu «Sigma» (CIIA),
possezneHoro B 0,1 M uurpatHomy 6ydepi 3 pH 4,5, 3 po3paxyHKy 60 Mr/Kr macu Tina. KOHTpOJIbHIl Irpymi TBapuH
BHYTPIiIIHPOOYEPEBUHHO BBOJUJIM €KBiBasieHTHY 103y 0,1 M uutpatHoro 6ydepHoro pozuuny 3 pH 4,5. Vci
MaHinyasuii 3aificHIoBannCs Nif| TioNeHTal-HaTpieBUM 3HEOO0JIEHHSM i3 po3paxyHKy 60 Mr/Kr macu Tina. 3abip

MaTtepiany npoBoguinu yepes 14, 28, 42 i 70 ni6 micns iH'exuii ctpento3otouuHy. [IpoBeneHi 6ioxiMiuHi Ta



iMyHODEPMEHTHI AOCTIIKEHHS MTOKa3any, 1o yepes 14 ai6 micas mogemoBaHHs 1] B cupoBaTiii KpOBi
CIIOCTepiraeTbcs MifBUIIEHHS PiBHS IJI0K03U Ha 222,5%, inTeHcudikanis npouecis sinonepoxkcupanii (MigBUILeHHS
BMmicty [IK Ha 31,8%, TBK-AIT Ha 36,2%), 36inb11€HHS KOHLIEHTPallii KaTanasu Ha 46,6%, MCM254 Ha 32,9%,
MCM280 Ha 12,7%, 3poctanHs BmicTy OMB356HM Ha 27,1%, OMB370HM Ha 18,6%, OMB430HM Ha 66,9%,
OMB530HM Ha 73,6% y MOPiBHAHHI 3 KOHTPOJILHUMU TPyliamu TBapuH. Yepes 28 f1i6 micsig noyaTKy eKCIIEPUMEHTY B
CHPOBATLi KPOBi BU3HAYAE€ThCS MiJBUIIEHHS BMICTY I711I0K03U Ha 224,4%, 1K Ha 104,4%, TEK-AII Ha 55,5%,
3pOCTaHHS PiBHS Karasa3u Ha 74,8%, MCM254 Ha 51,7%, MCM280 Ha 34,0%, 36inbmeHHs KoHueHTpauii OMB356HM
Ha 57,1%, OMBE370uM Ha 48,0%, OMB4301m Ha 92,4%, OMB530uM Ha 124,5% Yepes 42 no6u B yMOBax
3MopesnboBanoro L]l y cupoBariii KpoBi BUSBIISIETHCS 301/IblIE€HHS KOHLEHTpALlil [J1I0KO3U Ha 267,6%, mocuieHHs
sinonepokcupauii (3pocranns pisHs JJK Ha 112,5%, TEK-AIT Ha 68,4%), nifgBuilleHHs BMIiCTy KaTanasu Ha 29,3%,
MCM254 Ha 69,3%, MCM280 Ha 64,8%, 36inbmenns pisusg OMEBE356HM Ha 119,0%, OME370uM Ha 117,3%, OMB430HM
Ha 127,9%, OMB530H1M Ha 161,1% 1opiBHSHO 3 IOKa3HUKaMU KOHTPOJIbHUX Ipyn TBapuH. KoHueHTparis SP-Aly
CHpOBAaTLi KpoBi 3pocia Ha 69,5%, a BMicT SP-B y cupoBaTii KpoBi ninsumuscs Ha 54,2% MOPiBHSIHO 3 TBApUHAMU
TPyl KOHTPOJIIO. BusHavaeThcs 36iybIeHHs y cupoBaTli Kposi piBHiB TNF-0 Ha 59,1%, IL-1n Ha 73,5%, IL-6 Ha 60,6%
BiZJHOCHO MOKa3HMKiB KOHTPOJIbHUX I'PYIl TBapUH. Yepes 70 ni6 micss mopemosaHHs L] B cupoBarti KPOBi
BigMivaeThCs MigBUIeHHS KOHLeHTpalji riioko3u Ha 300,2%, Bmicty JJK Ha 125,4%, TBK-AII na 88,0%, 3MeHIIeHHS
piBH# KaTtasnasu Ha 28,1%, 36inbmeHHs BMicTy MCM254 na 100,4%, MCM280 Ha 94,5%, 3pocTaHHs piBHsI OMB356HM
Ha 132,0%, OMB370HM Ha 124,4%, OMB430HM Ha 168,7%, OMB530HM Ha 207,7% NOPiBHSAHO 3 NOKa3HUKaMU IPyIl
KOHTpOJ10. [IpoBenieHni1 yIbTPACTPYKTYPHMIA aHaJli3 pecipaTOPHOro BiffiNy JereHb 10Ka3as, 1o yepes 14 1i6
ITics1sl IOYaTKy eKCIIEPMMEHTY 3Ha4Ha KiJIbKiCTh ajlbBeoJISIpHUX Makpodaris (AM) 3Hax0IUTbCS B CTaHI NiJiBUIIEHO]
(dyHKLiOHaIBbHOI aKTUBHOCTI. B anbBeosionurax I Tuny (A-1) ta ansBeosouunrax II tumny (A-II) mitoxonapii 3
MAaTPUKCOM CEPEIHBOI €JIEKTPOHHO-ONTUYHOI WisIbHOCTI. llucTepHy i kKaHanbLi anapaty l'onbaxi (AT) i rpanysisipHOL
eHponnasmaruyHoi citku (['EC) 6e3 ocobsuBuX CTPYKTYpHUX 3MiH. [1nactuHvacTi Tinbus (I1T) pisHoTro cTyneHs
3pinocTi, BenuyuHu i Gopmu. Y 1IUTOIIa3Mi €HJIOTeTiOLUTiB TeMOKAMI/ISIPiB BUSBIISIIOTHCSI OKPEMi MiTOXOH/IPII 3
[IPOCBIiTIEHUM MaTpUuKCcoM. Ckiamosi komroHeHTH Al' i 'EC nemo posmupeHi. Y IpoCBiTi OKpeMUX reMOKaIliapiB
aJIbBEOJISIPHOI CTiHKM CIIOCTEPIraeThCs MifBUIIeHa KilbKiCcTh HeUTpodiniB Ta ix anresis. Yepes 28 ni6 mocmimKeHHs
y LuTonsa3Mi A-I 3yctpivaioTbcst HaOpsIKII MiTOXOHTPIi 3 mooprHOKUME KpucTamu. Al ipecTaBieHni
poswmupennmu nucrepHamu. Kananeui I'EC gemo posmupeni. B okpemux A-II Bu3Havaotscs [T 3 HagBHICTIO
HEPiBHOMIPHUX CBITJIMX IPOMDKKIB MiXK OCMiOo(iNbHUMM IJ1acTUHaMU. Yepes 42 1o6u Bif, I04YaTKy MOJEIOBAHHS
LI sopa A-1, A-1I 3 HykJI€0n1a3M010 HU3bKO]i €JIEKTPOHHO-OINTUYHOI WiJIbHOCTI i MapriHajIbHOIO JIOKaji3alliero
xpomartuHy. Uepes 70 1i6 mocnimpkeHHs siBulia rineprigparatii A-1, A-II nponoBxyoTh 36epiratucs. Ynepiue
BCTAQHOBJIEHO 3aKOHOMIPHOCTI (PYHKILIiOHAIbHO-MOP(OJIOriYHMX 3MiH KOMITIOHEHTIB PECIiPaTOPHOTrO Biily JIereHb
IIpU eKcriepuMeHTabHOMY LI/l Ha OCHOBI KOMIIIEKCHOTO MiXO/y 3 BUKOPUCTAHHSM Cy4acHUX 6i0XiMiuHUX,
iMyHO(EPMEHTHUX, €JIeKTPOHHOMIKPOCKOITIYHUX i CTATUCTUYHUX METO/IB JOCiIKeHHs. JloBesieHo, 1110 JlereHeBe
VIIKO/KEHHS y TMHaMili po3BUTKY L] cynpoBoKyeTbcs iHTeHCcUiKallielo TPOLECiB JinifgHoi i 611KoBOI
NePOKCHUIALLi], EHIOr€HHOI IHTOKCHKALlii Ta aKTUBALIi€I0 NTPO3alaJlbHUX UUTOKIHIB. [IoKa3aHo, 0 B yMOBax
3MozenboBanoro L] mpo- Ta aHTHOKCUIAHTHUY 6alaHC 3MIILy€eThCs B OiK ITepeBasKaHHS IIPOOKCUIAHTHUX
MEXaHi3MiB. YIeplie BCTAaHOBJIEHO, IO MMiABUIIEHHS KOHLEHTPalil B KpoBi SP-Al ta SP-B nipu 11/l Moxe Ciiy>kuTtn
MOJIEKYJISIPHUM 6iOMapKepOM YIIKOIPKEHHSI aépOreMaTUYHOro 6ap’epy JiereHs, [po Lo CBifdaTh AaHi
€JIEKTPOHHOMIKPOCKOIIIYHOTO AOCimKeHHs. KIIl04oBi c10Ba: CTPENTO30TOLMH-IHAYKOBaHU TjiabeT, jiereHi,
pecripaToOpHUi Bifijl, yIIbTPACTPYKTYPHE NOCIIIKEHHS, MOJIEKYJIM CEPEAHbOI MacH, IEPEKNCHE OKMCHEHHS
Jinizis, okucHa Moaudikalis 6inkiB, AieHoBi KOH'toraty, TBK-akTuBHI IpOAYKTH, KaTanasa, CypgaKkTaHTHi IpOTeiHy,
IIpo3arajibHi UUTOKIHU. ['any3p-MenuuuHa.

2. Experiments were performed on 88 white male Wistar rats weighing 170-210 grams. The animals were divided
into three groups: 1 - intact (n=10); 2 - control (n=40); 3 - experimental (n=38) with a model of DM, which was
induced by intraperitoneal injection of streptozotocin from the company «Sigma» (USA), diluted in 0,1 M citrate
buffer with pH 4,5, at the rate of 60 mg/kg of body weight. The control group of animals was intraperitoneally
injected with an equivalent dose of 0,1 M citrate buffer solution with a pH of 4,5. All manipulations were performed



under sodium thiopental anaesthesia at the rate of 60 mg/kg of body weight. The material was collected 14, 28, 42
and 70 days after streptozotocin injection. Conducted biochemical studies and enzyme-linked immunosorbent
assays showed that 14 days after the simulation of DM there was an increase in the level of glucose by 222.5%, an
intensification of lipoperoxidation processes (an increase in the content of DC by 31.8%, TBA-AP by 36.2%), an
increase in the concentration of catalase by 46.6%, MMM254 by 32.9%, MMM280 by 12.7%, an increase in the
concentration of OMP356nm by 27.1%, OMP370nm by 18.6%, OMP430nm by 66.9%, OMP530nm by 73.6% in the
blood serum compared to control groups of animals. In 28 days after the start of experiment, there was an increase
in the content of glucose by 224.4%, DC by 104.4%, TBA-AP by 55.5%, an increase in the level of catalase by 74.8%,
MMM254 by 51.7%, MMM280 by 34.0%, an increase in the concentration of OMP356nm by 57.1%, OMP370nm by
48.0%, OMP430nm by 92.4%, OMP530nm by 124.5% in the blood serum compared to the indicators of control
groups of animals. In 42 days in the conditions of simulated DM, in the blood serum an increase in the
concentration of glucose by 267.6%, an increase in lipoperoxidation (an increase in the level of DC by 112.5%, TBA-
AP by 68.4%), an increase in the content of catalase by 29.3%, MMM254 by 69.3%, MMM280 by 64.8%, an increase
in the level of OMP356nm by 119.0%, OMP370nm by 117.3%, OMP430nm by 127.9%, OMP530nm by 161.1% was
detected in blood serum compared to the indicators of control groups of animals. In 70 days after the simulation of
DM in the blood serum an increase in the concentration of glucose by 300.2%, DC by 125.4%, TBA-AP by 88.0%, a
decrease in the level of catalase by 28.1%, an increase in the content of MMM254 by 100.4%, MMM280 by 94.5%, an
increase in the level of OMP356nm by 132.0%, OMP370nm by 124.4%, OMP430nm by 168.7%, OMP530nm by 207.7%
was noted compared to the indicators of control groups. The conducted ultrastructural analysis of the respiratory
part of the lungs showed that 14 days after the start of the experiment, a significant number of alveolar
macrophages (AM) were in a state of increased functional activity. In alveolocytes of type I (A-I) and alveolocytes of
type II (A-II) mitochondria were with a matrix of medium electron-optical density. Cisterns and tubules of the
Golgi apparatus (GA) and rough endoplasmic reticulum (RER) were without special structural changes. Lamellar
bodies (LB) were of various degrees of maturity, size, and shape. Distinct mitochondria with lighted matrix were
found in the cytoplasm of endotheliocytes of hemocapillaries. In 28 days of research swollen mitochondria with
single cristae were found in the cytoplasm of A-1. The GA was represented by expanded cisterns. RER tubules were
slightly expanded. In 42 days from the beginning of the DM simulation, nuclei of A-I and A-II were with
nucleoplasm of low electron-optical density and marginal localization of chromatin. In 70 days of research,
hyperhydration phenomena of A-I and A-II continued to persist. For the first time, the patterns of functional and
morphological changes in the components of the respiratory part of the lungs in experimental DM have been
established based on a comprehensive approach using modern biochemical, enzyme-linked immunosorbent assay,
electron-microscopic, and statistical research methods. It has been proven that in the dynamics of DM
development, lung injury is accompanied by the intensification of the processes of lipid and protein peroxidation,
endogenous intoxication, and activation of pro-inflammatory cytokines. It has been shown that in conditions of
simulated DM, the pro- and antioxidant balance shifts towards the predominance of prooxidant mechanisms. For
the first time, it has been established that an increase in the concentration of SP-Al and SP-B in the blood in
diabetes can serve as a molecular biomarker of damage to the aerogematic barrier of the lungs, as evidenced by
the data of an electron microscopic study. Key words: streptozotocin-induced diabetes, lungs, respiratory part,
ultrastructural study, middle mass molecules, lipid peroxidation, oxidative modification of proteins, diene
conjugates, TBA-active products, catalase, surfactant proteins, pro-inflammatory cytokines. Branch-Medicine.
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Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. MicpkiB Bacunp AHnpiiioBUY

2. Vasyl A. Miskiv

KBasigikanis: x. men. 1., go,, 14.03.01

Inentudikarop ORCHID ID: 0000-0002-3924-1544

JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: IBano-PpaHKiBCHKUI HAI[IOHATLHUI MEIUYHUI YHIBEPCUTET
Kopg 3a € IPIIOY: 02010758

Micue3HaxoaKeHHS: ByJL. ['annubka, 6yp. 2, IBano-®pankiBeek, 76018, Ykpaina

dopma BiracHOCTI: JlepxaBHa

Coepa yIIpaBJIiHHﬂZ MiHicTepcTBO 0XOpPOHM 31,0pOB st YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

VIII. 3aKkJII04Hi BiZoOMOCTi
BaacHe IlpizBuie Im's [10-6aTbKOBI Kocrinpka Ipuna Osexkcannpisna

TOJIOBH pajgu

Baacue IlpizBuie Im's [10-6aTbKOBI Kocrinpka Ipuna OnexcanzipisHa

rOJIOBYIOYOTO Ha 3aCiiaHHi



BigmoBizasibHU 32 MiATOTOBKY Kyminny I'aniist BorjaHisHa

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 32 PEECTpalLilo HayKOBOI IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




