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1. YuacTp TpaHckpunuiiiHux ¢pakropiB NF-oB ta Nrf2 y mexanizamax pereHepaliii KiCTOK HV>KHBOI eJIeny mics ix

HETIOBHOT'O NIEPEJIOMY 32 YMOB XPOHIYHOI aJIKOTOJILHOI iHTOKCHKaILlii

2. Role of NF-oB and Nrf2 transcription factors in the mechanisms of mandibular bone regeneration following
incomplete fracture under chronic alcohol intoxication

Pedepar:

1. TTokaszaHo, 10 [030BaHe YIIKOIKEHHSI HIPKHBOI esieny (MOiesIb HEIIOBHOTO TIepeIoMY HIDKHbBOI IeJIeny) Ha TJIi
XPOHIYHOI aJIKOr0JIbHOI iHTOKCHKAllii CYIIPOBOAXKY€EThCS HA 14-My 106y IOCTTpaBMaTUYHOTO 1epiofy BipOrijHUM
301/IbLIIEHHSM aKTUBHOCTI (pepMEHTIB-MapKepiB pe30opOlii KiCTOK y cupoBarTLi KpoBi — K1c10i pocdaTasu Ta ii
KiCTKOBOI (TapTpaTpe3ucTeHTHOi) i3odpopmu (Ha 58,9%, P&lt;0,001, i 35,1%, P&lt;0,01 BigmoBinHo). OKpeMuil BILINB
TPaBMHU Ta €TAHOJIy CYTTEBO HE BILJIMBA€ HA aKTUBHICTb IMX (pepMeHTIB. BogHovac y BCixX 3a3Ha4€HUX IpyIax
aKTUBHICTb JIy>XHOi pocdaTasu y CupoBaTLii KpPoBi, 1K Mapkepa (OpMyBaHHsI KiCTOK, Ta KOHLIEHTpallis 3araJbHoro

KaJIbliil0 B IJIA3Mi KPOBI HE 3a3Ha€ 3HaUYMMUX 3MiH. BilTBOpEHHA XPOHIYHOI aJIKOr0JIbHOI iIHTOKCHKALLil BipOrigHO



30is1b1Iy€e B TOMOT€HATI HYDKHBOI LIeJIENN 1yPiB 3arajbHy Ta iHgyun6enpHy NO-CHHTa3Hy akTUBHICTb (Ha 80.6%,
P&It;0,01, i 98.8%, P&It;0,001 BinnosigHO), 1110 CYIIPOBOIKYETHCS 3pOCTAHHSIM KOHILIEHTPAllii KJII04Y0BOr0 MapKepy
HITPO3aTUBHOTO CTPeCY — NEepOKCUHITpUTY (Ha 39,2%, P&lt;0,01). Bepiie nokasaHo, 1o Ha 14-Ty no6y micus
BiITBOPEHHS 1O30BAHOTO YHIKOIKEHHS HAKHBOI Mesleny (Moeli ii HEeIIOBHOro NepesiomMy) Ha TJli XpOHIYHOI
aJIKOroJsIbHOI iHTOKCUKaLii NO-cuHTa3Ha akTUBHICTb Ta BMICT IIEPOKCHHITPUTIB JIYKHUX Ta JIY>)KHO-3EMEJIbHUX
METAJIB y TOMOT€HAaTi KiCTKU [ePEBUILY€E PE3YJIbTATU IPYIL 3 OKPEMOIO JIi€I0 TPABMAaTUYHOIO YMHHUKA Ta €TAHOJY.
3a IMX YMOB 3HAYHO 3HIDKYETbCSI aKTUBHICTh Y TOMOTI€HATi HUKHBO] I1eJIeNN OPHITUHIEKapOOKCUasy, KII0U0BOTO
dbepmeHTy 6iocrHTe3y MoJiaMiHiB, 1o KOHKypye 3 NO-cruHTa3010 3a cyberpart. Ha 14-Ty 106y miciis zo30BaHOTO
VIIKO/>KEHHSI HYDKHBOI Lesieny (MogeJb ii HeIIOBHOTO [epesioMy) Ha TJli XpOHIYHOI aJIkoroJbHOi iHTOKCHKalii
3HAYHO 3pOCTaE JenoJiMepusallis 6i0noiMepiB KiCTKOBOI TKAHUHM (KoJIareHy, IVIiKOIIPOTEIHIB i IpOTeOorlikaHiB),
110 HE Bi0yBA€THCS 32 YMOB OKPEMOTO BIUIMBY TPABMU Ta €TAHOJY. BilTBOpEHHS XPOHIYHOI aJIKOTOJIbHOI
iHTOKCUKallii 3 TOAA/NbIINM «XMOHUM» TPABMYBaHHSIM TBAPMH NOPYLIye 6i0MeXaHi4yHi BJI1aCTUBOCTI
HIDKHBOIIEJIEITHOI KiCTKY, 30KpeMa, IIPY>KHICTB MiJl Yac PO3TATY, Ha 10 BKa3dye CyTTEBE 3MEHIIEHHS Moy FOHra.
Ha 14 no6y mniciis BifTBOPEHHS NO30BAHOTO YHIKOIKEHHS HUXKHBO] 11eJleny (MOJieJlb ii HEIIOBHOTO IIEPEJIOMY), Y
TOMY YMCJIi Ha TJIi XPOHIYHOI aJIKOTOJIbHOI IHTOKCHKALLii, 3a/IMIIAI0THCS 3MEHIIEHUMU IIPYKHICTh KiCTKU B 30Hi
ypaXeHHS Mif 9yac po3TAry Ta ii MillHiCTb, Ha IO BKa3ye 3HMKEHHS MonyJid KOHra ta Mexka MiljHOCTi. XpOHiuHa
aJIKOTOJIbHA iHTOKCHKALlisl CIIpUSIE 3aTPUMILL pENapaTUBHOI pereHepallii KiCTKOBOI TKaHWHY TiCJIsl JO30BAaHOTO
VIIKO/KE€HHSI HYDKHBOI LeJIeny (MOZEJb ii HEIIOBHOTO MEePEJIOMY), L0 CYIIPOBOPKY€ETbCSI 3MEHIIEHHSIM Y IiISHIL
ypaXeHHS BiJHOCHOI KiJIbKOCTi PeTUKYI0(]iOpO3HOI KiCTKOBOI TKAHUHHU Ta KJIITUHHUX €JIEMEHTIiB (pi6po61acTUYHOrO
Py, 0co61BO 3pinux ¢ibpo6acTiB, a TAaKOXK 3aTPUMKOIO JO3PiBaHHS IPaHyJIsILiiHOI TKAHWHU. AKTUBHICTb
MapKepiB pe3op61iii KiCTKOBOI TKAHUHM B CUPOBATLi KPOBi, 6aJlaHC CUCTEMU OKCUJLy a30Ty Ta IIPOLeCU
IernoJliMepur3sallii KojiareHy, poTeoraiKaHiB i CiaZoraiKonpoTEiHiB 1103aKIITUHHOIO OPraHiYHOrO0 MaTPUKCY KiCTOK
HIDKHBOI 1IeJIENN Micd ii J030BaHOTO YUIKOAKEHHS Ha TJIi XPOHIYHOI aJIKOrOJIbHOI iHTOKCUKALlii 3a71e>XKaTh Bif,
(dyHKLiOHAIBHOI aKTUBHOCTI TpaHCKpunuiiHux ¢paxkropis NF-0B i Nrf2. Bnepie BusiBieHo, 1110 IPU3HAYEHHS
crenudiyHUX MOAYISATOPIB TpaHCKpUnuintHux ¢pakropis NF-oB ta Nrf2 (niponigunauriokapbamaTy aMoHilo Ta
IyuMeTudyMapary) micjs 030BaHOTO YIIKOIKEHHS HYDKHBOI LIesIeny Ha TJli XpOHIYHOI aJIKOT0/IbHOI iIHTOKCHUKALLi]
IIPU3BOJUTSH /10 BipOriHOTO MifiBUIIEHHS aKTUBHOCTI (PepMeHTY-MapKepa pe3opo1iii KicTKOBOI TKAaHUHU, KUCJI01
docdarasu (Ha 29,7%, P&lt;0,01, i 25,0%, P&It;0,01 BinnoBigHO) y CHPOBATL KPOBi, 3HAYHOTO 3HMXEHHS aKTUBHOCTI
iHpyuubensbHoi isopopmu NO-cunTazu (Ha 41,8%, P&lt;0,001, i 43,1%, P&lt;0,001 BianoBigHO) Ta KOHIIEHTpalii
[IepOKCUHITPUTIB (Ha 42,5%, P&lt;0,001, i 44,8%, P&It;0,01 BinnoBigHO) y roMOreHaTi HUKHBOLIEJIETHOI KiCTKH, a
TaKOX [0 3MEHIIEHHS JeNoliMepur3allii KojlareHy, poTeOorJliKaHiB i cianoriikonpoTeinis. Kiao4oBi cyoBa: nepejaom
KiCTOK, aJIKOroJIbHa iHTOKCHKallisl, TpaHCKpUMNLiiHi ¢pakropy NF-oB i Nrf2, kicTkoBuit MeTa6oJ1i3M, akTUBHI popmMmu
KMCHIO Ta a30Ty, OKCUJATUBHUM 1 HITPO3aTUBHUM CTPEC, IIEPOKCULHE OKUCHEHHS JIiMifiB, IPOOKCULAHTHO-
AHTUOKCUJAHTHUH 6ajiaHC, CIIOJTyYHa TKaHUHA, II03aKJIiTUHHUI MaTpPUKC, KoJlareH, OKCUIIPOJIiH,

rJ1iIKo3aMiHOTTIiKaHU, CiaJIoBi KMCJIOTH.

2. The study revealed that a controlled mandibular injury (incomplete fracture) in rats chronically exposed to
alcohol resulted in a significant upregulation of bone resorption markers on the 14th day post-trauma. Specifically,
serum levels of acid phosphatase and its bone (tartrate-resistant) isoform increased by 58.9% (P&lt;0.001) and
35.1% (P&It;0.01), respectively. In contrast, neither trauma nor ethanol exposure alone had a significant impact on
these enzyme activities. Furthermore, no significant changes were observed in alkaline phosphatase activity (a
marker of bone formation) and total plasma calcium levels in any of the groups. Reproduction of chronic alcohol
intoxication significantly increases the total and inducible NO synthase activity in the homogenate of the rat
mandible (by 80.6%, P&lt;0.01, and 98.8%, P&lt;0.001, respectively) that is accompanied by a rise in the
concentration of the key marker of nitrosative stress, peroxynitrite, by 39.2% (P&It;0.01). This study demonstrated
for the first time that on day 14 after the reproduction of dosed injury to the mandible (model of its incomplete
fracture) during chronic alcohol intoxication, NO synthase activity and the content of peroxynitrites of alkaline
and alkaline-earth metals in the bone homogenate exceed the results in groups exposed to trauma or alcohol
along. Under these conditions, the activity of ornithine decarboxylase, a key enzyme of polyamine biosynthesis



that competes with NO synthase for substrate, significantly decreases in the mandibular homogenate. On the 14th
day after controlled injury to the mandible (model of its incomplete fracture) during chronic alcohol intoxication,
depolymerization of bone biopolymers (collagen, glycoproteins and proteoglycans) significantly increases that
does not occur under conditions of separate exposure to trauma and ethanol. Reproduction of chronic alcohol
intoxication with subsequent sham trauma to the mandible disrupts the biomechanical properties of the bone, in
particular, tensile elasticity, as indicated by a significant decrease in Young&#39;s modulus. On the 14th day after
the reproduction of a controlled injury to the mandible (model of its incomplete fracture), including the latter
during chronic alcohol intoxication, the elasticity of the bone in the affected area during tension and its strength
remain reduced, as indicated by a decrease in Young&#39;s modulus and tensile strength. Chronic alcohol
intoxication was found to delay reparative regeneration of bone tissue after controlled injury to the mandible
(model of its incomplete fracture), accompanied by a decrease in the relative amount of reticulofibrous bone tissue
and ellular elements of the fibroblastic series, especially mature fibroblasts, as well as a delay in the maturation of
granulation tissue in the lesion area. The activity of bone resorption markers in blood serum, the balance of the
nitric oxide system, and the depolymerization processes of collagen, proteoglycans, and sialoglycoproteins in the
extracellular organic matrix of mandibular bones following controlled injury under chronic alcohol intoxication are
dependent on the functional activity of the transcription factors NF-oB and Nrf2. This study is the first to have
found that the administration of specific modulators of NF-oB and Nrf2 transcription factors (ammonium
pyrrolidinium dithiocarbamate and dimethyl fumarate) after dosed injury to the mandible against the background
of chronic alcohol intoxication leads to a significant increase in the activity of the enzyme-marker of bone
resorption, acid phosphatase (by 29, 7%, P&lt;0.01, and 25.0%, P&lt;0.01, respectively) in blood serum, a significant
decrease in the activity of the inducible isoform of NO synthase (by 41.8%, P&It;0.001, and 43.1%, P&It;0.001,
respectively) and the concentration of peroxynitrite (by 42, 5%, P&lt;0.001, and 44.8%, P&lt;0.01, respectively) in
the mandibular bone homogenate, as well as to a decrease in the depolymerization of collagen, proteoglycans, and
sialoglycoproteins. Key words: bone fracture, alcohol intoxication, transcription factors NF-oB and Nrf2, bone
metabolism, reactive oxygen and nitrogen species, oxidative and nitrosative stress, lipid peroxidation, prooxidant-
antioxidant balance, connective tissue, extracellular matrix, collagen, oxyproline, glycosaminoglycans, sialic acids.
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