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Dedopuenko FO.B. TlaroreHeTW4yHl MEXaHI3MU PO3BUTKY 3MIH Yy
pecIipaTopHOMY BT JIETEHb MPH €KCIIEPUMEHTAILHOMY IIYKPOBOMY Jia0eTi. —
KBamidikamiitHa HayKoBa Tpailsi Ha MpaBax PyKOIHCY.

Juceprariist Ha 3100yTTs CTymneHs JOoKTopa (inocodii B ramysi 3HaHb 22 —
OxopoHa 370poB’s 3a chemanbHicTIO 222 — Meaununa. IBaHO-DpaHKIBChKUT
HaI[lOHaNBHUI MenuuHuit yHiBepcuteT, MO3 Ykpainu, M. [BaHo-®pankiBcrk, 2023.

3axuCT BIAOYAEThCS y CHeIiaii3oBaHid BUeHid paai IBaHo-DpaHKIBCHKOTO
HAI[IOHATFHOTO MeaUYHOTO yHiBepcuTeTy MO3 Ykpainu, IBano-dpankiscsk, 2023.

Ha cworomni mykpoBuit miaber (IIJI) HamexuTh A0 TII00ATBHUX MEIMKO-
COILIIAJIBHUX MPOOJIEM 1 MOCIA€E OJHE 3 TOJOBHUX MICIb Y CTPYKTYPl €HIOKPUHHOL
naToJiorii. 3rifHO 3 JaHUMH BcecBITHBOI Oprasizamnli OXOpOHHM 3I0pOB’S Ta
Mixunapoauoi [Hiabetnunoi denepariii kKuUibkicTh xBopux Ha LIJ[ y BcboMy cBITI
3pocte 10 629 MinbioHiB A0 2045 poky. ['ocTpoTy mpoOiemMu BU3HAYAE HE JIUIIE
3HAYHE TOMIUPCHHS, aje W MIBHJIKUH PO3BUTOK YCKIIATHEHb, SIKI CHPHYHHSIIOTH
1HBAJII TU3AII110, TIOTIPIIYIOTh SKICTh )KUTTSI XBOPHUX Ta CKOPOUYIOTh HOTO TPUBATICTb.
YucieHHl KIIHIYHI Ta €KCIEepUMEHTaIbHI JAOCIIKeHHs CcBiauaTh, mo L[/] Bpaxae
Oarato opraHiB 1 cucteMm opraizmy. Perunomaris, Hedpomaris, Helpomatis Ta
CepIIEBO-CyIMHHA TUC(YHKIIIS € MOMHUPESHUMHU T1a0eTUYHUMH YCKIQJIHCHHSIMH Ta
3HAYHO CIPUSIIOTH 3aXBOPIOBAHOCTI. Pa3zoM 3 TuM, 3’ 4BISETHCA BCE OUIBIIE JTOKa31B
TOTO, 110 JIETEH1 TaKOX € OJIHUM 13 opraniB-mimeHeit npu L], Tak sik BOHU MaiOTh
BEJIMYE3HY, 100pe PO3BUHEHY MIKPOCYJIUHHY CITKY.

Metoro pochnigxeHHs OyJ0 BCTaHOBUTH OCHOBHI MEXaHI3MH PO3BUTKY
GbyHKI10HATFHO-MOPGOJIOTIYHUX 3MIH Yy PEeCHipaTOPHOMY BIIII JIETEHb TPH
eKcriepuMeHTabHOMY L/].

Excniepumentu BukOHaH1 Ha 88-u OUMMX mIypax-camipix JiHii Bictap macoro
170-210 r. TBapunu Oynu posmojaiieHi Ha Tpu rpynu: 1 — iHtakTHa (n=10); 2 —
koHTposibHa (n=40); 3 — mochigHa (n=38) 3 MOJEIUIIO IYKPOBOTO Jia0ery, SKui

BIATBOPIOBAJIM IUISAXOM BHYTPIIIHBOOYEPEBUHHOTO BBEJCHHS CTPENTO30TOLIUHY



bipmu «Sigma» (CIIIA), possenenoro B 0,1 M mutpatHomy Oydepi 3 pH 4,5, 3
po3paxynky 60  wmr/kr Macu  Tima.  KoHTponpHI  Tpymi — TBapuH
BHYTPIIIIHHOOYEPEBUHHO BBOJMIM €KBiBaJIeHTHY 103y 0,1 M nurparHoro 0ydepHoro
po3uuny 3 pH 4,5.

VYei maninynsamii 31HCHIOBAJIMCS T TIONEHTAI-HATPIEBUM 3HEOOJIEHHSM 13
po3paxyHky 60 Mr/kr macu Tina. 3abip maTepiaity npoBoauiu uepes 14, 28, 42 1 70
J0 TiCIIS 1H €K1 CTPENTO30TOIHHY.

JIisi BUBYEHHS €HJOTEHHOI 1HTOKCHKAIll BHKOPUCTOBYBAJIM MOJIEKYJIU
cepeanroi macu (MCM) y cupoBartiii KpoBi, a JJisl OLIHKKA aHTUOKCUIAHTHOT CUCTEMU
(AOC) — piBeHb KaTana3u B CHPOBATI KPOB1 €KCIIEPUMEHTAIbHUX TBAPHH.

OriHKy cTaHy npolieciB rnepekucHoro okucHenHs gimiaiB (I10JI) 3piiicHioBanu
3a JIONMOMOTOI0 BU3HAYEHHs KOHIIEHTpallli aieHoBux KoH’torariB (/IK) 1 akTuBHHX
npoaykTiB Ti00apOiTypoBoi kucinotu (TBK-AIl) y cupoBatii KpoBi MiI0CHITHUX
TBapUH.

Busnauenns okucHoi Mmoaudikaiii 611kiB (OMB) cupoBaTku KpoBi BUBYAIU
METO/IOM CHEKTPO(GOTOMETPUYHOTO aHAJI3y KapOOHUIBHUX TPYI 13 BUKOPUCTAHHIM
2,4-nmuHiTpo(EHONTIApa3Hy, ONTHUYHY MIUIBHICTE SKHX PEECTpyBaId  Ha
criekTpo(oToMeTpi Mpu JOBKUHAX XBUJIb: 356 HM, 370 HM, 430 HM 1 530 HM.

Bwmict cypdakrantaux nporeinis (SP)-Al, SP-B Ta intepnetikinis (IL)-1p, IL-
6, d¢aktopy Hekposy nyxauH-o (TNF-o) y cupoBaTii kpoBi BHU3Haualu
iIMyHO(EpMEHTHUM METOJOM 3 BHKOpucTaHHsM HaOopie Rat ELISA Kits
(Elabscience, CILIA) 3rigHo iHCTpYKIIii (hipMU-BHPOOHHKA.

JInst  eJeKTPOHHOMIKPOCKOMIYHOTO  JOCHIDKCHHSI IIIMAaTOYKU  JIET€HEBOi
TKaHUHY QiKCyBaiu B 2,5 % po34mHI III0TapaIbACTIAy 3 HACTYITHOIO JO(IKCAIE0 B
1 % po3unni yoTHpUOKUCY ocMmito. ITicas merigparaiiii MaTepian 3aJuBajiy B €MNOH-
apanmit. 3pi3u, oTpuMani Ha yiubTpamikporomi «Tesla BS-490», BuByaiu B
esleKTpoHHOMY Mikpockoni «[TEM-125K».

[Ipu mnpoBeAeHHI CTAaTUCTUYHOI OOpPOOKM OTpUMAHUX pE3yJbTaTiB Oylia

Bukopucrana nporpama STATISTICA 10.



[IpoBeneni 6ioximMiyHI Ta IMyHO(DEPMEHTHI AOCIIKEHHS TTOKa3alH, 110 Yepe3
14 ni6 micns monemoBaHHs 1/l B cupoBaTIii KPOBI CHOCTEPITAETHCS T1ABUIIICHHS
piBHA TmOKo3uM Ha 222,5%, iHTeHcudiKallig TMPOIECiB JIIMONEePOKCH ALl
(migBumenHs BMicty JIK Ha 31,8%, TBK-AII Ha 36,2%), 30i1bIIeHHS KOHIICHTpAIIil
katanazu Ha 46,6%, MCMass Ha 32,9%, MCMagy Ha 12,7%, 3pocTaHHS BMICTY
OMBbssey Ha 27,1%, OMB3704 Ha 18,6%, OMb430uy Ha 66,9%, OMBbBs30,y Ha 73,6% y
MOPIBHAHHI 3 KOHTPOJBHUMHM Tpynamu TBapuH. PiBenr SP-Al y cupoBartii KpoBi
NEepPEeBUILYBaB aHAIOTTYHUM MOKa3HUK KOHTPOJIBHOI Ipynu TBapuH Ha 7,9%, a piBeHb
SP-B —na 8,5%. BigMmidaeTrbcs 30UTbIIEHHS Y CHPOBATIl KPOBI BMICTY
TNF-o na 11,8%, IL-1B na 22,5%, IL-6 Ha 17,5% BIIHOCHO TOKa3HUKIB
KOHTPOJIbHUX TPYI TBApUH.

Yepes 28 a10 micisi NOYATKY €KCIIEPUMEHTY B CUPOBATIl KPOB1 BU3HAYAETHCS
MIJBUINICHHS BMICTy Tiroko3u Ha 224,4%, JAK na 104,4%, TBK-AIl na 55,5%,
3pocTaHHs piBHA Kartajasuw Ha 74,8%, MCMass Ha 51,7%, MCMag Ha 34,0%,
30uIbiIeHHsT KOoHIeHTpalli OMBaseuy HA 57,1%, OMBbB370sy Ha 48,0%, OMbazouy Ha
92,4%, OMbs3ouy Ha 124,5% mOpIBHSHO 3 TOKa3HUKAMU KOHTPOJILHUX TPYI TBAPHUH.
Bwmict SP-Al y cupoBariii kpoBi 3pic Ha 49,0%, a piBens SP-B - na 37,0% nopiBHsHO
3 TBApUHAMU KOHTPOJBHUX rpyr. CrocTepiraeTbesl MiJIBUIICHHS Y CUPOBATII KPOBi
Bmicty TNF-o Ha 34,4%, IL-1 na 40,2%, IL-6 Ha 33,2% BiTHOCHO TTOKAa3HUKIB I'PYII
KOHTPOJTIO.

UYepes 42 nobu B ymoBax 3Mojieap0BaHoro /] y cupoBartiii KpoBi BUSBISETHCS
30UIBIICHHST KOHIIEHTpallli Toko3u Ha 267,6%, MOCWICHHS JIMOMepOKCUIAIi
(3pocranns pieas K Ha 112,5%, TEK-AIT Ha 68,4%), ninBUIIICHHS BMICTY KaTajas3u
Ha 29,3%, MCM3s4 Ha 69,3%, MCM3g0 Ha 64,8%, 30inbmenas piBHIS OMbssey, Ha
119,0%, OMBbB370iy Ha 117,3%, OMbBazouy Ha 127,9%, OMbssoimHa 161,1% mopiBHSIHO
3 TIOKa3HUKaMH KOHTPOJLHUX Tpym TBapuH. Konnentpaiist SP-Al y cupoBariii KpoBi
3pocia Ha 69,5%, a BMicT SP-B y cupoBatiii kpoBi miaBummscs Ha 54,2% MOpiBHIHO

3 TBAPUHAMU I'PYI KOHTPOIII0. Bu3HauaeThCsl 301IbIIEHHS Y CUPOBATIIl KPOBI PIBHIB



TNF-aua 59,1%, IL-1p Ha 73,5%, IL-6 Ha 60,6% BiAHOCHO MOKAa3HUKIB KOHTPOJIBHUX
TPy TBApHUH.

UYepesz 70 ni6 miciss moxemoBanHs L[/ B cupoBaTiii KpoBi BiAMIYA€THCS
MiIBUIIEHHS KOHIIeHTpallii riiroko3u Ha 300,2%, smicty JIK Ha 125,4%, TEK-AII Ha
88,0%, 3meHmeHHs piBHA Kartanasu Ha 28,1%, 30inbiieHHs BMicTy MCMass Ha
100,4%, MCMagp Ha 94,5%, 3poctanHs piBHI OMbgsey Ha 132,0%, OMbs704y Ha
124,4%, OMBazouy Ha 168,7%, OMBbs30,y Ha 207,7% TIOPIBHIHO 3 TOKa3HUKAMHU TPYIT
koHTpoto. Bmict SP-Al y cupoBaTiii KpoBi MEepEeBUIIYBaB aHAJIOTTYHUHN MMOKa3HUK
KOHTPOJIbHOI Tpynu TBapuH Ha 91,6%, a xkonuentpauis SP-B y cuposartiii kpoBi
3pocna Ha 74,5% TNOpIBHSHO 3 TBAapMHAMU KOHTPOJBHUX TIpyl. BusBiseTscs
30uTBIIEHHST y cupoBartiii kpoBi piBHsS TNF-a na 80,1%, IL-1p na 107,7%, IL-6 Ha
94,9% y mopiBHSAHHI 3 TOKa3HUKAMHU TPy KOHTPOITIO.

[IpoBeneHuit yapTPacCTPyKTYpHHUI aHali3 pPecHipaToOpHOro BiIJUIY JIETE€Hb
nokaszaB, 10 4epe3 14 10 micias MOYaTKy EKCHEpPUMEHTY 3HauyHa KIJIbKICTh
anbBeosipHUX MakpodariB (AM) 3HaXOAUTHCS B CTaHI MiABUIIEHO1T (DYHKI[IOHATBHOT
aktuBHOCTI. B ampBeononurax I tumy (A-I) Ta ambeomorurax II tumy (A-II)
MITOXOH/PIi 3 MATPUKCOM CEPEIHBOI €JIEKTPOHHO-ONTUYHOI HIUTBbHOCTI. [{ucTepH™M 1
kaHaunbl amapaty [onbiki (Al) 1 rpanysnsipHoi ennorutazmatuyHoi citku (I'EC) 6e3
ocoOmmBuX CTpYKTypHUX 3MiH. [Inmactunuacti Tuteis (I1T) pizHoro crynens 3pisiocTi,
BEJIMYMHU 1 GOopMH. Y LUTOIUIA3MI €HIOTENIOLUTIB T€MOKANISAPIB BUSABISAIOTHCS
OKpeMi MITOXOH/Ipii 3 npocBiTiIeHUM MatpukcoM. CkianoBi komnoneHnT Al 1 TEC
JeU0 po3MUpeHi. Y TPOCBITI OKPEMHUX T'eMOKAMUISPIB albBEOJSIPHOI CTIHKHU
CIIOCTEPITa€eThCs MiABUIIEHA KITbKICTh HEUTPO(UIIB Ta iX aaresis.

UYepes 28 nmi6 mocmimkeHHs y 1urTomuiazmi A-I 3ycTpivaroThecs HaOpSKI
MITOXOHJpPII 3 TMOOAMHOKMMHU KpucTamu. Al mpeacTaBieHUl pO3MIUPEHUMHU
nucrepHamu. Kananeii 'EC nemo posmupeni. B okpemux A-II Buznauatorses 1T 3
HASIBHICTIO HEPIBHOMIPHUX CBITJIMX MPOMDKKIB MK OCMiO(DUIBHIMY TuTacTHHAMHU. B
SHJOTEMOMUTAX BIAMIYAIOTHCS MITOXOHJIPIi 30UIbIIEHI B 00’€M1 1 MOOJUHOKUMU

penykoBaHUMHU Kpuctamu. Al ckjamaeTscs 3 PO3IMIMPEHUX LHUCTEPH, APIOHHX



nyxupuiB 1 Bakyonb. Kanampui 'EC 3 HepiBHUMH KOHTypamMu 1 3MEHILEHOIO
KUTBKICTIO pr0OCOM Ha iX 30BHIIIHIN MemOpaHi. ba3anbni MmeMOpanu emitTenianbHUX
Ta EHJOTENIAJIbHUX KJIITHH JIOKAIHHO TOTOBIIEHI. Y TPOCBITI TeMOKamijspiB
CIIOCTEPITAEThCS MiABUINICHA KITBKICTh JIGWKONWTIB, iX aAresis Ta arperaris. Ha
JaHUN nepio JOCITKCHHS (28 1i0) AM XapaKTepU3yHThCS
MOphOodYHKITIOHATBLHOIO HEOAHOPIAHICTIO. B omHMX AM BH3HA4arOThCS O3HAKHU
BHUPaXEHOT CEKPETOPHOI aKTUBHOCTI, B IHIIIUX CIIOCTEPIra€ThCsl aKTUBHUHN (Daronurtos.
[lopsin 3 uuM BUSBISIIOTECA AM 13 HE3HAYHOIO KIJBKICTIO JII30COM Ta OKPEMHUX
Benukux (harocom. BmicT parocoM HEOHOPIAHUM 3 PI3HOIO E€JIEKTPOHHO-ONTUYHOIO
[IJIBHICTIO.

Uepes 42 nobm Big mouatky wMopaemoBanHsa IIJI sopa A-I, A-II 3
HYKJICOIJIa3MOIK0 HU3bKOI E€JEKTPOHHO-ONTHUYHOI HIIJIBHOCTI 1 MapriHajIbHOIO
JoKami3ali€l0  XpomMaTuHy.  MiToxoHapili  HaOpsAkiI 3 MOOJAMHOKHUMHU
ne3zopranizoBanuMu kpuctamu. Lucrepuu Al BesukymnsipHo posmmpeni. Kanambir
['EC pi3ko po3umpeni, nedopmonai. [lopsan 3 num, cnocrepiraerbest pparMeHTaLis
mMemOpan T'EC. B mmromumazmi A-II BusBmstoreess IIT yacTkoBO 3amoBHEHI
dbocdhominmigaum MarepiaioM 1 (pparmeroBaHuMu MeMmOpaHamu. I[HTepcTHIliiiHA
TKaHWHA HAOpsKiIa 3 MIABUIICHOI KUIBKICTIO KOJAr¢HOBHUX BOJIOKOH. SIBHIIA
rineprijpararnii BIAMIYalOTLCSA 1 B eHA0TemonuTaXx. MIiTOXOHAPIT OKpeMHUX KIIITHH 3
MPOCBITIICHUM MAaTpPUKCOM 1 Maii’Ke MOBHICTIO 3pyHHOBaHMMH Kpuctamu. llopsan 3
posmmpenumu 1uctepHamu ['EC cnioctepiraerbest pparmenTarris kananeiiis ['EC 31
3MEHIIIEHOI0 KUIbKICTIO prubocoM. ba3zanbhi memOpanu A-I, A-II Ta engorenionuTiB
Ha 3HAYHOMY IIPOTS31 IOTOBIIECHI 3 HEUITKUMU KOHTYpaMH. Y MPOCBITI FTEMOKAMISPIB
BIJIMIYA€THCSA aJre3id Ta arperailis HeUTpodisiiB 1 TpoMOOJIEHKOIIUTAPH] arperaTu. Y
MPOCBITI AJIbBEOJI BUABIISIIOTECA AM 3 TUCTPOPIYHO-AECTPYKTUBHUMU 3MIHAMU.

Uepez 70 ai6 mocmimxeHHs siBuia rineprigpataiii A-I, A-II npogoBxyoTh
30epiratucs. Y 0aratbox KIITHHAX BU3HAYAIOTHCS JCCTPYKTHMBHI 3MIHU KIIITHHHUX
opranen. IIT HebGarato, BOHM 4acTKOBO 3amoBHEH1 (ocdodimiaHuM MaTepiaaoMm.

Iaxonm Ha micti [1T BiamMivaroThCs BakyodIi 13 3amuikaMu MmemopaH. [HTepcruiiitna



TKaHUHA XapaKTePU3y€eThCS 3HIKEHHSM €JIEKTPOHHO-ONTHYHOI IIJTLHOCTI OCHOBHO1
PEYOBHHHM CIIOJIYYHOI TKAHWHU. Y NaHUX TUISTHKAX CIIOCTepiraroThes Gpidpodiacty 3
M1JIBUIIICHOIO KUIBKICTIO KOJAreHOBUX BOJIOKOH. JIMCTpOo(]idHO-IeCTPYKTUBHI 3MIHU
XapakTepHl Ui  C€HAOTeNiaJbHUX  KIITHH. Y  TPOCBITI  TeMOKAmIspiB
CIIOCTEPIralOThCsl EPUTPOLIUTAPHI arperaTd, ajresis Ta arperamis JICHMKOIUTIB 1
TpoMOOIUTIB. SIK 1 Ha TONEpPeaHLOMY eTami JOCTIKEHHS y IPOCBITI albBEOJI
BUSBISIIOTECS AM 3 TUCTPOPIUHO-AECTPYKTUBHUMH 3MIHAMH.

VYrepiiie BCTaHOBJIEHO 3aKOHOMIPHOCTI (PyHKITIOHATBHO-MOP(OJIOTTYHUX 3MIH
KOMITOHEHTIB PECMipaTOpHOro BIAALIY JIETEHb MpU eKcrepuMeHTaiabHoMmy L[ Ha
OCHOBl KOMIUIEKCHOTO TIJXOAY 3 BHUKOPUCTAHHSIM Cy4acHUX O10XIMIYHUX,
IMyHO(DEpMEHTHUX,  CJICKTPOHHOMIKPOCKOMIYHUX 1  CTaTUCTUYHHUX  METOJIB
nociikeHHs. JloBeAeHo, 110 JIEreHEeBE YIIKOJDKEHHS y AuHaMill po3BUTKY L]
CYNPOBOJIKYEThCSA 1HTCHCHU(DIKAIIEI MPOLECIB JIMiAHOT 1 OIIKOBOI IEepOKCHaAIii,
€HJOTeHHOI THTOKCHKAIIIT Ta aKTUBAIIIEIO MPpo3anaibHuX MUTOKIHIB. [lokazaHo, 10 B
yMOBax 3mojiesboBaHoro IJ[ mpo- Ta aHTHOKCUAAHTHUM OallaHC 3MIIIYEThCA B O1K
nepeBakaHHs MPOOKCUAAHTHUX MEXaH13MiB. YIIieplie BCTAaHOBJICHO, IO IT1IBUIIICHHS
koHIeHTparii B kpoBi SP-Al ta SP-B mpu LI/ mMoxe CiyXUTH MOJEKYJISIPHUM
Ol0MapKepoOM YIIKOKEHHS aepOreMaTHIHOT0 0ap’epy JETeHb, PO 10 CBITYATH JaH1
€JIEKTPOHHOMIKPOCKOIIYHOTO JTOCTIIKEHHS.

KawuoBi  cioBa: CTPENTO30TOIMH-1HYKOBaHUN  Aia0eT,  JIereHi,
pecnipaTopHUll B, YIBTPACTPYKTYPHE TOCTIIKEHHS, MOJIEKYJIH CepeaHbOI MacH,
MepeKUCHE OKUCHEHHS JIMiiB, OKMCHAa Mopaudikallis OUIKiB, JI€HOBI KOH'IOraTH,

TBK-akTuBHI NPOAYKTH, KaTasla3a, CyppaKkTaHTHI MPOTETHHU, MPO3anaibHi HUTOKIHH.

ANNOTATION
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Nowadays, diabetes mellitus (DM) is regarded as a global medical and social
problem and occupies one of the main places in the structure of endocrine pathology.
According to the data of the World Health Organization and the International Diabetes
Federation, the number of people with DM will increase to 629 million by 2045
worldwide. The severity of problem is determined not only by the significant spread
but also by the rapid development of complications that cause disability, worsen
patients’ quality of life, and shorten its duration. Numerous clinical and experimental
studies show that DM affects many organs and systems of the body. Retinopathy,
nephropathy, neuropathy, and cardiovascular dysfunction are common diabetic
complications and significantly contribute to morbidity. However, there is increasing
evidence that the lungs are also one of the target organs in DM, as they have a large,
well-developed microvascular network.

The aim of the study was to establish the main mechanisms of the development
of functional and morphological changes in the respiratory part of the lungs in
experimental DM.

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 «Sigmay» (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.

To study endogenous intoxication, we determined the level of middle mass
molecules (MMM) in the blood serum and to assess the antioxidant system (AQS) -
the level of catalase in the blood serum of experimental animals.

The state of the lipid peroxidation (LPO) process was assessed by determining
the concentration of diene conjugates (DC) and active products of thiobarbituric acid
(TBA-AP) in the blood serum of experimental animals.

Determination of oxidative modification of proteins (OMP) in blood serum was
studied by spectrophotometric analysis of carbonyl groups wusing 2,4-
dinitrophenolhydrazine, the optical density of which was recorded on a
spectrophotometer at wavelengths: 356 nm, 370 nm, 430 nm, and 530 nm.

The content of surfactant protein (SP)-Al, SP-B and interleukin (IL)-1p, IL-6,
tumour necrosis factor-a (TNF-a) in blood serum was determined by the enzyme-
linked immunosorbent assay using Rat ELISA Kits (Elabscience, USA ) according to
the manufacturer's instructions.

For the electron microscopy study, pieces of lung tissue were fixed in a 2,5%
solution of glutaraldehyde with further postfixation in a 1% solution of osmium
tetroxide. After dehydration, the material was poured over epon araldite. The cuts,
obtained on ultramicrotome «Tesla BS-490», were studied using an electron
microscope «PEM- 125K».

The statistical analysis of the obtained results was performed by using the
software STATISTICA, version 10.

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%, MMMy, by 32.9%, MMMaygy by 12.7%, an increase in the



concentration of OMP3senm by 27.1%, OMP3700m by 18.6%, OMP4300m by 66.9%,
OMPs30nm by 73.6% in the blood serum compared to control groups of animals. The
level of SP-A1 in blood serum exceeded the similar indicator of the control group of
animals by 7.9%, and the level of SP-B - by 8.5%. An increase in the content of TNF-
a by 11.8%, IL-1B by 22.5%, and IL-6 by 17.5% was noted in blood serum compared
to the indicators of 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%, MMMy, by 51.7%, MMMyg by 34.0%, an increase in the
concentration of OMP3senm by 57.1%, OMP370nm by 48.0%, OMP430nm by 92.4%,
OMPs30nm by 124.5% in the blood serum compared to the indicators of control groups
of animals. The content of SP-ALl in blood serum increased by 49.0%, and the level
of SP-B - by 37.0% compared to the animals of control groups. An increase in blood
serum of TNF-a by 34.4%, IL-1p by 40.2%, and IL-6 by 33.2% was found 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%, MMM s, by 69.3%, MMM.g by 64.8%, an increase in the level
of OMPasgnm by 119.0%, OMP3700m by 117.3%, OMPazonm by 127.9%, OMPszonm by
161.1% was detected in blood serum compared to the indicators of control groups of
animals. The concentration of SP-AL in the blood serum increased by 69.5%, and the
content of SP-B in the blood serum increased by 54.2% compared to the animals of
the control groups. An increase in serum level of TNF-a by 59.1%, IL-1p by 73.5%,
and IL-6 by 60.6% was determined 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 MMMz, by 100.4%,



MMMago by 94.5%, an increase in the level of OMP3s6nm by 132.0%, OMP3700m by
124.4%, OMP430nm by 168.7%, OMPs30nm by 207.7% was noted compared to the
indicators of control groups. The level of SP-Al in the blood serum exceeded the
similar value of the control group of animals by 91.6%, and the concentration of SP-
B in the blood serum increased by 74.5% compared to the animals of the control
groups. There was an increase in blood serum of TNF-a by 80.1%, IL-1p by 107.7%,
and IL-6 by 94.9% 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 | (A-l) and alveolocytes of type Il (A-I1) 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. The constituent components of GA and RER were slightly expanded.
An increased number of neutrophils and their adhesion were observed in the lumen of
individual hemocapillaries of the alveolar wall.

In 28 days of research swollen mitochondria with single cristae were found in
the cytoplasm of A-l. The GA was represented by expanded cisterns. RER tubules
were slightly expanded. LBs with uneven light spaces between osmiophilic plates
were noted in distinct A-11. Mitochondria increased in volume and with single reduced
cristae were determined in endotheliocytes. GA consisted of expanded cisterns, small
vesicles, and vacuoles. Tubules of RER were with uneven contours and a reduced
number of ribosomes on their outer membrane. Basal membranes of epithelial and
endothelial cells were locally thickened. An increased number of white blood cells,
their adhesion and aggregation were observed in the lumen of hemocapillaries. For
that research period (28 days), AMs were characterized by morphofunctional

heterogeneity. In some AMs there were signs of pronounced secretory activity, in



others active phagocytosis was observed. Along with that, AMs were detected with a
small number of lysosomes and individual large phagosomes. The content of
phagosomes was heterogeneous with different electron-optical densities.

In 42 days from the beginning of the DM simulation, nuclei of A-1 and A-II
were with nucleoplasm of low electron-optical density and marginal localization of
chromatin. Mitochondria were swollen with isolated disorganized cristae. Cisterns of
GA were vesicularly expanded. The tubules of RER were sharply expanded and
deformed. Along with that, fragmentation of membranes of RER was observed. LBs
partially filled with phospholipid material and fragmented membranes were found in
the cytoplasm of A-I1. The interstitial tissue was swollen with an increased number of
collagen fibers. Hyperhydration phenomena were also observed in endotheliocytes.
Mitochondria of individual cells were with a lightened matrix and almost destroyed
cristae. Along with the expanded RER cisterns, fragmentation of RER tubules with a
reduced number of ribosomes was observed. Basal membranes of A-1, A-Il, and
endotheliocytes were thickened for a considerable length with indistinct contours.
Adhesion and aggregation of neutrophils and thromboleukocyte aggregates were
noted in the lumen of hemocapillaries. AMs with dystrophic-destructive changes were
detected in the lumen of the alveoli.

In 70 days of research, hyperhydration phenomena of A-1 and A-11 continued
to persist. Destructive changes in cell organelles were detected in many cells. There
were a few LBs, partially filled with phospholipid material. Vacuoles with remnants
of membranes were sometimes noted at the site of LBs. Interstitial tissue was
characterized by a reduced electron-optical density of the main substance of the
connective tissue. Fibroblasts with an increased number of collagen fibers were
observed in those areas. Dystrophic-destructive changes were characteristic of
endothelial cells. In the lumen of hemocapillaries, erythrocyte aggregates, adhesion
and aggregation of white blood cells and platelets were observed. As at the previous
stage of the study, AMs with dystrophic-destructive changes were found in the lumen

of the alveoli.



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.



