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1. EKcnepumeHTasibHe OOIPYHTYBaHHS [T0€HAHOTO BIUIMBY IIPOTUIYXJIMHHUX 3aC00iB — iHri6iTOPIB
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Bimgrosimi

2. Experimental justification of the combined effect of antitumor agents - inhibitors of transcription factors NF-oB
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Pedepar:

1. Y npuceprauii HaBeJleHe TEOPETUYHE y3araJbHEHHS i PO3B'SI3aHHS HAYKOBOT'O 3aBJAHHS, L0 TIOJISATA€ Y 3'ICyBaHHI
eeKTUBHOCTI 3aCTOCYBaHHS IPOTUITYXJIMHHUX 3aC00iB — iHri6iTOpiB TpaHCcKkpuniiiinux ¢paxkropiB NF-oB Ta AP-1y
KoMbiHalii 3 ingykTopamu curHanpHoro uisaxy Nrf2-ARE sik 3aco6iB naToreHeTM4HOI Teparii CUCTeMHOI 3aI1albHOL
BiANOBifi Ta ii MeTaboJIiYHUX HACiIKiB. BUSBJIEHO, IO 3aCTOCYBaHHS crieln(iYHYX iHTi6ITOPIB MPO3aNaJbHUX
TpaHCKpUILIiHUX ¢akTopiB 6opTe3omiby Ta SR 11302 micsis KypcoBoro BBeZeHHs Jinonosicaxapuny Salmonella
typhi ocToBipHO 3HMKY€E BMICT LiepyJoma3MiHy — mapkepa C3B - y cuposarii Kposi mypiB (Ha 23,3% i 24,5%
BignoBigHo, P<0,001). [IpenapaTy HOpMasli3ylOTb CHiBBiJHOIEHHS iHIYIXO6EIbHOI Ta KOHCTUTYTUBHOI aKTUBHOCTI
NO-cuHTa3u (3MeHIeHHs iHayIn6eabHOoi akTUBHOCTI Ha 42,7% i 44,7%, P<0,001; 36iib11€HHSI KOHCTUTYTUBHOI — y 2

pasuy, P<0,02), 3HIKyI0Th KOHIIEHTpPALlil0 BTOPUHHUX IIPOAYKTIB IEPOKCHUIHOTO OKUCcHeHHs Jininis (TEK-akTuBHuUX



CIIO0JIYK) Y KPOBi Ta MigBUIIYIOTH ii aHTMOKCUIAHTHUM NTOTeHLiajl. BOpTe30Mib criprsie YaCTKOBOMY BiTHOBJIEHHIO
aKTUBHOCTI apriHasy, 10 CBiTYUTb [IPO MO0 NOTEHIiHY poJib y Kopekiii MmeTabosizmy L-aprininy. Hatomicts SR
11302 yuHUTB IPUTHIYYBaJILHUH BIUJIMB HA 3araJlbHy aKTUBHICTb apriHa3u. [lokasaHo, 0 peIOKC-4yTIUBi
TpaHcKpunuiiHi pakropu NF-oB Ta AP-1 BifirpaioTs BaXJ/IMBY pOJjib y NATOT€HE3i IOPYLIEHb BYTJIEBOLHOTO Ta
JlinigHOrO METaboi3My, acoLii0BaHUX i3 CHCTEMHOIO 3aMlaIbHOIO BiAnoBina0. BBenenns 6opre3omiby Ta SR 11302
3a YMOB JINONOJIicaxapyui-iHIyKOBaHOI CUCTEMHOI 3aMajIbHOI BiNIOBiNli JOCTOBIPHO 3HMKY€E KOHLEHTPALI0
IJIIOKO3U B cUpoBaTLi Kposi (Ha 30,9%, P<0,001 1 21,5%, P<0,05 BifmnoBiHO), @ TAKOX BMICT X0JIECTEPUHY
sinonpoTeiniB Ay>ke HU3bKOi minbHOCTI (Ha 30,3% i 24,7% BinnosigHo, P<0,001) i Tpurninepuzis (va 30,1% i 25%
BignoBinHo, P<0,001). 3acTocyBaHH4 crienudidyHOro iHgyKTopa curHanapHoro uuisaxy Nrf2-ARE - numetundymapary
- Ta MPUPOJHOrO iHAYKTOpA — KBEPLETHUHY — Ha TJIi MOJEJIIOBAHHA JIIONOJIicaXapyu-iHIyKOBAaHOI CUCTEMHO]
3anajbHOi BiANOBifi 3HIKY€E y CUPOBATLi KPOBi KOHLEHTPALilo Liepyaomiasminy (Ha 19,1% i 22,1% signosigHo,
P<0,001), aktuBHicTb iHgyun6esnsHoi isopopmu NO-cunTasu (Ha 38,0% i 33,3% BinnosigHo, P<0,001), nigsuiye
aKTUBHICTb il KOHCTUTYTUBHUX i30depMeHTiB (y 2 pasu, P<0,01i P<0,02 BinnosigHo), 3HUKY€e iHTEHCUBHICTD
[IEPOKCUIHOTO OKMCHEHHS JIiMlifiB i MifiBUlIye aHTMOKCUIAHTHUI NIOTeHLjal KpoBi. PakTop TpaHcKpumnuii Nrf2
BMKOHY€ BUPQKEHY 3aXMCHY (PYHKLIIO Y pa3i pO3BUTKY META00JiYHMX IIOPYILIEHD, ACOLIMOBAHUX i3 CHCTEMHOIO
3anajbHOIO BiATIOBiN 0. Briepiue BUSBJIEHO, 110 TO€HAHE 3aCTOCYBaHHS 60pTe30Miby 3 iHAyKTOpaMu CUTHAJIbHOTO
msixy Nrf2-ARE (pumeTtundymaparom abo KBepLLETUHOM) 32 YMOB JIIOMNOJicaxapyl-iHAyKOBaHOI CUICTEMHOI
3amna’sbHOI BiAIOBiAl IPpU3BOAUTE 4O HOpMaJli3allii KOHLEHTpaLlil LepyJIoaasMily B CUPOBATLi KPOBI, 110 CBiYUTD
IIPO CMHEPTIUHY NPOTU3aNabHy Jil0 Takux KoMOiHaLiil. Takosk KoM6iHallis 60pTe30Midy 3 iHAyKTOpamu
cur"asnbHoro msxy Nrf2—ARE yMHUTE BUpaKeHilui BIVIUB Ha CUHTE3 OKCUIY a30TY, HDK MOHOTepaIis, 3a paxyHOK
IIpUTHiYeHHS iHAyLuu6ebHOi i30¢popmu NO-CHHTa3| Ta akTMBallii apriHa3Horo LUIsIXy MeTabos1izMy L-apriHiny.
Hari6inpin noMiTHe 3HVDKEHHS iIHTEHCMBHOCTI IEPOKCUIHOTO OKUCHEHHS JIMiMiB Y KPOBi CIIOCTEPIraeThes rpu
[I0eHAaHOMY BBeJIeHHI 60pTe30Mi0y 3 KBEpLIeTUHOM. Briepiie nokazaHo, KOMbiHallis penaparis — 60pTe30Miby 3
IyuMeTu1hyMapaToM abo KBEpLLETUHOM — 32 YMOB MOJI€JII0OBaHHS JIiIIONoJlicaxapu-iHIyKOBaHOi CUCTEMHO]
3anajbHOI BiANOBifi 3HAYHO NOKpallye JiMigHUNA Tpodiab KPOBi, 3a6e3nedyroun 6ibll €(PeKTUBHE 3HMD>KEHHS
KOHILIEHTpALlii X0JIECTEPUHY JIIONPOTEIHIB Iy>Ke HU3bKOI MIiJILHOCTI Ta TPUIJIiLEPUAIB y CUPOBATL IIOPIBHAHO 3
MOHOTepalielo Ko>KHUM i3 Tpernapartis. Briepiue BusiBeHO, 110 [10€JHaHe iHriOyBaHHS TPaHCKPUIILiMHOro ¢pakropa
AP-1 (i3 3acrocyBaHHsM SR 11302) Ta akTHBalis 3aXMCHOro curiasnsHoro msixy Nrf2-ARE (3a gonomoroto
nuMmeTtuapymapaTy abo KBEPL,ETUHY) 32 YMOB JIIONOicaxapy-iHIyKOBaHOI CUCTEMHOI 3anajbHOI BiflIoBizi
3YMOBJIIOE€ BUPa)KEHi ITPOTU3ariaibHi Ta aHTUHITpo3aTuBHI edextu. Kombinanis SR 11302 3 numeTtundymapaTom, Ha
BiZIMiHY BiJl IOr0 NIO€HAHHS 3 KBEPLIETMHOM, HE TIOCUJIIOE AaHTMOKCUAHTHY [Iil0 32 YMOB JIIIIOIOJIicaxapu,-
ingyKoBaHOI cCTEMHOI 3anajbHOI BiANoBifi Briepiie nokazaHo, kom6iHoBaHe BBefeHHs SR 11302 3 ingykropamu
TPaHCKPUNLIiAHOTO (pakTopa Nrf2 - numeTunapymapaTom i KBepLETHHOM — 32 YMOB JIillONOJicaxapyu-iHAyKOBaHO]
CHCTEMHO] 3alajlbHOI BiANoBizi 3a6e3nedye BUILy e(peKTUBHICTb Y 3HUKEHHI KOHLEHTpallil X0JleCTepUHY
JIINOINPOTEIHIB Iy’Ke€ HU3bKOI MIiJIbHOCTI Ta TPUTJIiLEPUAIB y CUPOBATLi KPOBi LypiB IIOPIBHSAHO 3 MOHOTEPAIII€IO.
Kpim Toro, komb6iHauis SR 11302 i3 KBepLeTUHOM CIIpYse HOpMali3allii piBHS IVIIOKO3M Ta MiBUIIEHHIO BMICTY
XOJIECTEPUHY JINIONPOTEIHIB BUCOKOI IIiJIBHOCTI Y CUPOBATILi KPOBI.

2. This dissertation presents a theoretical generalization and proposes a solution to a scientific problem, which
consists in assessing the effectiveness of using antitumor agents - specifically, inhibitors of the transcription
factors NF-oB and AP-1 - in combination with inducers of the Nrf2-ARE signalling pathway, as a strategy for
pathogenetic therapy of systemic inflammatory response (SIR) and its associated metabolic consequences. This
study demonstrated that administration of specific inhibitors of pro-inflammatory transcription factors -
bortezomib and SR 11302—following repeated injections of Salmonella typhi lipopolysaccharide significantly
reduced serum ceruloplasmin levels, a biomarker of systemic inflammatory response (SIR), by 23.3% and 24.5%,
respectively (P<0.001). Both agents normalized the balance between inducible and constitutive nitric oxide
synthase (NOS) activity, showing a 42.7% and 44.7% reduction in inducible NOS activity (P<0.001) and a twofold
increase in constitutive NOS activity (P<0.02). They lowered the concentration of thiobarbituric acid-reactive
substances (TBARS) in the blood and enhanced total antioxidant capacity. Bortezomib contributed to the partial



restoration of arginase activity, suggesting a potential role in L-arginine metabolism correction, while SR 11302
exhibited a suppressive effect on total arginase activity. The study showed that redox-sensitive transcription
factors NF-oB and AP-1 play a significant role in the pathogenesis of carbohydrate and lipid metabolism disorders
associated with SIR. Under LPS-induced conditions, both bortezomib and SR 11302 significantly reduced serum
glucose levels, by 30.9%, P<0.001 and 21.5%, (P<0.05), respectively, as well as very low-density lipoprotein
cholesterol (VLDL-C) by 30.3% and 24.7%, (P<0.001), and triglycerides by 30.1% and 25%, (P<0.001). The
administration of dimethyl fumarate, a specific Nrf2-ARE pathway inducer, and quercetin, a natural inducer, under
conditions of LPS-induced SIR resulted in a reduction in serum ceruloplasmin levels, by 19.1% and 22.1%,
respectively (P<0.001), suppressed inducible NOS activity by 38.0% and 33.3%, respectively (P<0.001), and
enhanced constitutive NOS isoform activity (twofold increase, P<0.01 and P<0.02, respectively). These agents also
reduced in lipid peroxidation intensity, and elevated overall antioxidant capacity. The transcription factor Nrf2 was
found to perform a pronounced protective function in the metabolic disturbances associated with SIR. This study
provides the first evidence that combining bortezomib with Nrf2-ARE pathway inducers (dimethyl fumarate or
quercetin) yields a synergistic anti-inflammatory response under LPS-induced SIR, as confirmed by normalization
of serum ceruloplasmin levels. These combination exert a more pronounced effect on nitric oxide synthesis than
monotherapy through concurrent suppression of iNOS activity and stimulation of the arginase-dependent L-
arginine pathway. The most significant reduction in lipid peroxidation intensity was observed under the combined
administration of bortezomib and quercetin. This is the first demonstration that such combinations, bortezomib
and dimethyl fumarate, or bortezomib and quercetin, significantly improves the blood lipid profile in LPS-induced
SIR, achieving more effective reductions in serum VLDL-C and triglyceride concentrations compared to
monotherapy. This study also provides the first evidence that combined inhibition of AP-1 using SR 11302 and
activation of the Nrf2-ARE protective signaling pathway via dimethyl fumarate or quercetin under SIR conditions
exerted potent anti-inflammatory and anti-nitrosative effects. However, the combination of SR 11302 with
dimethyl fumarate, unlike its combination with quercetin, did not enhance the antioxidant effect under SIR
conditions. This study is the first to demonstrate that the combined administration of SR 11302 with Nrf2 inducers
- dimethyl fumarate and quercetin - under LPS-induced SIR conditions resulted in superior reductions in serum
VLDL-C and triglycerides compared to monotherapy. Moreover, the combination of SR 11302 and quercetin
contributes to glucose normalization and increased serum HDL-C levels.
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