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Pedepar:

1.'Y 1t HayKoBil po6OTi 3a(piKCOBaHO NOCTOBIpHE 30iIbIIEHHS PiBHSI OKCUIIPOJIHY B I1I71a3Mi KpOBi TBapuH 3 [II'1
MOPIBHSIHO 3 KOHTPOJIbHUMU ocobuHamu (p<0,001). Brim, BBegeHHs BitTaminy D3 Ta anbda-Tokodepost anerary
CIIpHSIJIO 3HMKEHHIO [TOKa3HMKaA OKCUIIPOJIiHY 1o piBHA 31,44 (21,88-34,05) MKMOJIb /J1. AHTUOKCUIAHTHA aKTUBHICTb
Kpogi B [I'], 6ysia CyTTEBO HIKYOI0, Hi’K TIOKAa3HUKYU KOHTPOJIbHUX TBapuH. KaTtanasa craHosuia 6,49+1,14 mr
H202 /mn ta 10,69+1,12 mr H202 /M1 y 060x rpynax BignosinHo (p<0,001). Kopexuis o3Boania NigBUILNATA
KOHILIEHTPALlilo KaTajasu y nsa3mi KpoBi TBapuH 3 [I'2 (p=0,026). Cyrrese 36inbmenHs K 3adikcosano y ATl
Pisens JIK y wiit rpymi 6yB y 2,5 pasa BumuM nopisHsHo 3 KI' (p<0,001). HaTomicTs, npu BBefeHHi BiTaminy D3 Ta
anbda-TokoPpepol auerarty 6ys10 BCTAHOBJIEHO MalbKe IBOKPATHE 3HIDKEHHS 1boro nokasnuka (p<0,001). PiseHb
TBK-AIl y II'l 3Ha4HO nepeBuLyBaB aHasoriuHi nokazHuku y KI' (7,64 (7,37-8,06) mxmoib /11 Ta 3,76 (3,75-4,01)
MKMOJIb /71 BifjnoBinHO, p<0,001) ¥ pe3ysbrati KOpekuii Biasoch 3HU3UTH cepenHe 3HaueHHs TBK-AIT na 40%.



Anani3 piBas MCM B 11a3mi KpoBi IT0Ka3as, o B [II'1 BiH nnepeBuiyBaB KOHTPOJIbHI ITOKa3HUKY Y 1,38 pasa
(p<0,001). BBegenns Bitaminy D3 Ta anbda-Tokodepos aneTaTy He BIVIMHYJIO CyTTEBO Ha piBeHb MCM (p=0,902).
Ananis piBHg IL-13 nokasas, mo BiH 0yB y 12 pasiB Hwkuum y KT, Hixx y II'l. Togi ax y [I'2, Baanocs 3HU3UTU piBeHb
IL-13 6inbm HiX y 4 pa3u nopiBHgHO 3 II'1 (p=0,004). OxpeMoi yBaru 3acayroBye KOpeJsiLis MK OKCANIPOJIIHOM Ta
VCAM-1 na piBHi 0,654 3 goctoBipHnM inTepsanom (1) (0,330-0,841, p<0,001), mo nizKpecioe 3B'130K MixK
CYJIMHHOIO IUCOYHKIIE, akTUBAlli€l0 eHioTeNianbHuX KIiThH Ta ¢ibpo3om. HalicuibHina Kopesisiist BUsiBJeHa
MiX okcunposiinom ta SP-D (0,676 (I 0,363-0,851), p<0,001). Kopensuifinuit aHasnis Mk 6ioxiMiuHnMY,
iMyHO(p€pMEHTHUMU NIOKa3HUKAMU Ta IA BCTaHOBUB, 1[0 HAVCUJIbHIIIMI 3B'930K 6yB MK IA Ta okcunpoJinom (0,821
(4I 0,713-0,891), p<0,001). Mixk kaTanaszoro Ta [A icHyBaB HeraTUBHUI KopeJsiiiiHui 38's130K (- 0,698 (- 0,814~ -
0,529), p<0,001), neMOHCTPYyIOUN O6EPHEHY 3aJIEXXHICTh MiXK pPiBHEM KaTaja3u y KPOBi Ta OL[iHKOIO CTPYKTYPHUX 3MiH
y nereHsx. Haiicna6muit kopessuiiiHui 3B'130K 3 IA 6ys10 BigzHaueHo njs piBas K (0,554 (11 0,307-0,732),
p<0,001). JHocnimxeHHs cnenqudivHOCTi Ta YyTIMBOCTI 1a60PATOPHUX MTOKA3HUKIB 17151 IPOTHO3YBAHHS
MOPQOJIOTiYHUX 3MiH y TKaHUHI JlereHb BUSIBUJIO, 1[0 HalBUILY 4yTauBicTb (82,4 %) mas SP-D. IIpoTe BiH BoslOfiB
HIKYOIO0 crienndivHicTIo, ska cranosuia 71,4 %. AUC-ROC nnsg SP-D cknas 0,853 (11 0,701-1,000), p=0,008, mo
BKa3ye Ha XOpOIIly TOYHICTb aHani3y. OKCUINPOJIiH NoKa3as we Buile 3HadeHHst AUC-ROC (0,880 ([I 0,794-0,966),
p<0,001), 3 uytnusicTio 81,0 % Ta cnenudiunicTio 94,4 %. CBITI00NITUYHO ieHTU(PIKOBAHO BUpaskeHe
PEMOJIeJII0BaHHsI JIereHeBUX CTPYKTYp y TBapuH [I'l. 11i 3MiHu 6y cipuYMHEHI pO3BUTKOM CKJIEPO3Y Ta
iHpinbTpanieto noniMoppHOAIEPHUME KITUHAMY MIKaJIbBEOJISIPHUX ITeperopook . Y 'l cnocrepiranocst Takox
3BY>KE€HHS ITPOCBITY MiKPOCYZAMH, CIPUYMHEHE HAOPSIKOM i IepUBACKYJISIPHOIO KJIITUHHOIO iHQinbTpaLielo.
3acrocysanHs BiTaminy D3 Ta anbda-TokodepoJ: aleTaTy nokasano epeKTUBHICTb Y 3BMEHIIEHHI CTPYKTYPHUX
NIOpPYILIEHb PECIiPAaTOPHOrO BiAfiny jereHb. 3a¢ikCcOBaHO MEHII BUPaXXeHi CKIEPOTUYHI 3MiHU a€pOreMaTUyHOro
6ap'epy (AI'B) Ta HUK4Yy IHTEHCUBHICTD iHQiNbTPaLii NONIMOP(PHOSIAEPHUMH KIIiTUHAMU. EJIeKTPOHHA MIKpOCKOIIis
BUSIBUJIA 3MiHU B YJIbTPACTPYKTYPi KOMIIOHEHTIB AI'G. EJ1IeKTPOHHOMIKPOCKOMIYHE NOCiIKEHHS MiCs
3acTOCyBaHHs BiTaMiHy D3 Ta anbda-Tokodpeporn aneraty y JI'2 BUSIBMIIO 3MEHIIEHHSI HAOPSIKOBUX 3MiH Y A-1 Ta A-II
tumnis. fnpa A-I ta A-II many nOMipHY WIIJIBHICTD, 3 JIOKAJILHO PO3LIMPEHUM IIEPUHYKJIEAPHUM IIPOCTOPOM, OKpeMi
MITOXOHZPIi Masu Ae30pranisosadi kpuctu. LincrepHu Ta kaHasbli Al' Ta 'EC 6yn1 He3HAYHO PO3IIMPEHI.
BcranoBeHo nigBuieHy KinbkicTs [1T Ta MO3ai4HO pO3TalIOBaHMX MiIKPOBOPCHUHOK Ha amiKasbHil oBepxHi A-1I. Y
MIKpOCYJIMHAX ileHTU(PIKOBAaHO OKPEMi EPUTPOLIUTH Ta HEAKTUBHI TPOMOOLMTH, & €HIOTEia/bHI KIITUHYU HE MU
3HAYHVX CTPYKTYPHUX 3MiH. BOHM BOJIOAI/IN YiTKMMU KOHTYpaMy Ha JIIOMEHAJIbHIN NIOBEPXHi i PIBHOMIPHO
PO3MOJIiIEHMM XPOMAaTUHOM Y siipax. Ynepiue 6yB 3alIpOIIOHOBAHNUI BapiaHT yIOCKOHATIEHHS] METOOUKI
mogesnoBanHs CCll. Ynepiue focikeHo CTPYKTypy Ta PyHKLioOHaNIbHUI cTaH esieMeHTiB AI'b npu 3MoziesiboBaHil
CCII 32 [onOMOT0I0 KOMIIJIEKCHOTO JIA00PAaTOPHOTO Ta MOPQOJIOriYHOTO aHalidy. Yeplle oXapaKTepru30BaHO
(yHKIiOHa/bHI Ta 3MiHK cyoMikpockoriyHoi 6ynoBu A-II npu ingykuii CCJl. Ynepiue gociskeHo aHaTOMO-
dyHKIiOHAIBbHI 0COBIMBOCTI CTaHy MIKPOLIMPKYJISITOHOTO pycJa jiereHb Ipu mogestoBadHi CCJl. 3anpornoHoBaHO
meToy, Kopekuii CCll-acouiioBaHUX 3MiH pecipaTOpHOro Bifginy jsereHs BitamiHoM D3 Ta anbda-Toxkodepos
aneraToM. Kito4oBi cj10Ba: CUCTEMHA CKIIEPOIEPMIS, JIET€H], peCipaTOpHUN BifAijl, yIbTPACTPYKTypPHE
mocimkeHHs, Bitamin D3, anpda-Tokodepos anerar, ajlbBe0JIOLUTH, MIKPOLUPKYJISATOPHE PYyCJI0, OKCUIIPOJIiH,
cypdakTaHTHi IpoTeiHy, Ipo3anajnbHi HUTOKIHYU, MOJIEKYJIa aAresii CyJUHHUX KIIiTHH-1.

2. In this experimental study, mature Wistar rats weighing 220-240 g were utilized. The study design included four
animal groups: an intact group (IG) consisting of 15 rats, a control group (CG) of 20 rats, and two experimental
groups (EG) each with 25 rats. The EG1 included rats subjected to SSc induction, while the EG2 comprised rats that
received additional corrective treatment. In the study, a pronounced increase in the concentration of oxyproline in
the EG1 rats compared to CG and IG rats was found (p<0,001). However, the introduction of vitamin D3 and alpha-
tocopherol helped to reduce its level to 31,44 (21,88-34,05) umol /1. The antioxidant activity of blood in EG1 was
significantly lower than that of control rats. The catalase was of 6,49+1,14 mg H202 /ml and 10,69+1,12 mg

H202 /ml, respectively (p<0,001). However, the use of correction increased its concentration in the blood of EG2
animals (p=0,026). The correlation between oxyproline and VCAM-1, with a confidence interval (CI) of (0,654 (CI
0,330-0,841), p<0,001), notably underscores the link between vascular dysfunction, activation of endothelial cells,



and fibrosis development. Furthermore, the strongest correlation existed between oxyproline and SP-D (0,676 (CI
0,363-0,851), p<0,001). The study identified the Ashcroft index (Al) for each group involved. The findings revealed
that the EG1 demonstrated the highest IA values, averaging at 5 (5-6). This was statistically significantly higher
compared to the IG and the CG (p<0,001). Moreover, the Al values for EG1 were also significantly greater than
those observed in the EG2s (p=0,017). Correlation analysis between biochemical, enzyme-linked immunosorbent
assays and Al found that the strongest association was between Al and oxyproline, (0,821 (CI 0,713-0,891), p<0,001.
A study of the specificity and sensitivity of laboratory indicators for predicting morphological changes in lung
tissue revealed that SP-D had the highest sensitivity (82,4 %). However, SP-D had lower specificity (71,4 %). AUC-
ROC for SP-D was 0,853 (CI 0,701-1,000), p=0,008, indicating good accuracy of the analysis. Oxyproline showed an
even higher AUC-ROC value 0,880 (CI 0,794-0,966), p<0,001, with a sensitivity of 81,0 % and a specificity of 94,4 %.
During light microscopy pronounced remodeling of lung structures was identified in EG1 animals. These changes
were caused by the development of sclerosis and infiltration of interalveolar septa by polymorphonuclear cells. In
EG], there was also a narrowing of the lumen of microvessels caused by edema and perivascular cellular
infiltration. Electron microscopy revealed changes in the ultrastructure of the ABB components, in particular, an
increase in its thickness due to the accumulation of fibroblasts and collagen fibers. Endotheliocyte nuclei had
reduced electron density and peripheral chromatin location. Mitochondria were enlarged, with a violation of the
cryst’s structure. The GER showed signs of fragmentation, and the GA was dilated. Destructive changes in
microcapillaries included lysis and desquamation of endotheliocytes, led to the release of intracellular contents
into the lumen of microvessels and exposure of the basement membrane, activating platelets. Erythrocyte
aggregates and leukocyte adhesion caused narrowing of the hemocapillary lumen. Electron microscopic
examination after the use of vitamin D3 and alpha-tocopherol acetate in EG2 revealed a decrease in edematous
changes in A-I and A - II. Nuclei of A-1 and A-II were moderately dense, with locally expanded perinuclear space,
individual mitochondria had disorganized cristae. GA and GER were slightly expanded. An increased number of LBs
and mosaic microvilli were found on the apical surface of A-II. Individual erythrocytes and inactive platelets were
identified in microvessels, and endothelial cells did not have significant structural changes. They had clear
contours on the lumenal surface and evenly distributed chromatin in the nuclei. For the first time, an option to
improve the SSc modeling technique was proposed. For the first time, the structure and functional state of ABB
elements in simulated SSc were investigated using complex laboratory and morphological analysis. For the first
time, the functional and submicroscopic structural changes of A-II during the induction of SSc were characterized.
For the first time, the anatomical and functional features of the state of the microcirculatory bed of the lungs
during the modeling of SSc were investigated. A method of correction of SSc-associated changes in the respiratory
department of the lungs with vitamin D3 and alpha-tocopherol acetate was proposed. Key words: systemic
sclerosis, lungs, respiratory tract, ultrastructural study, vitamin D3, alpha-tocopherol acetate, alveolocytes,
microcirculatory bed, oxyproline, surfactant proteins, proinflammatory cytokines, vascular cell adhesion molecule
1.
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