AHOTAIIA

Kosanvosa 1.0. Mexanizmu MeTaboMyHuX 1 OloMeXaHIYHUX
NOpYIIEHh y KICTKax MIypiB 3a YMOB TMOEIHAHOTO HAJJIUIIKOBOTO
HAIXOJDKEHHS HITpaTy Ta GTOpUAY HATpiro Ta X Kopekuis. — Kpamidikariitna
HAyKOBa Iparls Ha MpaBaxX PYKOIHCY.

Jucepraliist Ha 3100yTTS HAYKOBOTO CTymeHs JokTopa (utocodii 3a
cnenlanpHIcTIO 222 «MenuuuHay. — YKpaiHChKa MeIW4YHa CTOMATOJIOTIYHA
akagemiss MO3  Vkpainm, IlomraBa, 2020; VkpaiHcbka MeaudHa
cromarosioriyna akagaemis MO3 Vkpainu, [Tontasa, 2020.

VY nucepranii HaBeJACHE TEOPETHUYHE Yy3arajibHEHHS 1 PO3B’SI3aHHS
HAyKOBOi 3ajadi, 10 ToJIArae y 3’sSCyBaHHI MeXaHI3MIB MeETaOOJIYHUX 1
OlOMEXaHIYHUX NOpPYIIEHb VY KICTKax MIypiB 33 YMOB IIO€HAHOIO
HAJTUIIIKOBOTO HAJIXOPKCHHS HITpaTy Ta (TOPHAY HATPIO Ta JOCITIIKCHHI
epeKTUBHOCTI  iXHbOI ~ KOpEKUli 3  BUKOPHUCTAHHSIM  1HT10ITOpPIB
TpaHckpuniiiaux ¢akropiB AP-1 Ta NF-kB, a Takox eHTepocopOeHTiB.

Excnepumentu BukoHaHi Ha 118 Oumux mypax-camigx JiHii Bictap
macoro 190-234 r. BuKopuCTOBYBajiM €KCHEPHUMEHTANIbHI, O10XIMIYHI,
OCTCOMETpHYHI,  Olodi3muyHl Ta  MATEMaTHKO-CTATUCTUYHI  METOIHU
JOCITIJIKEHHS.

30-nenHe moe€MHAHE BBeNEHHs GTopuay HaTpito (y moaeHHii mpo3i 10
MI/KT) Ta HiTpaTy Hatpito (y moaeHHid 1031 500 Mr/kr), Ha BiAMIHY BiJ
OKpPEMOro 3aCTOCYBaHHS LUX CHOJYK, MOPYIIyE MEXaHI3M aBTOPEryJssuli
pPIBHS MOHOKCHJY HITPOT€HY B CTETHOBUX KICTKax IIypiB, 30UIBIIYIOYH
aKkTUBHICTH 3aranbHoi NO-cunTasu (Ha 51,3%, P<0,05) Ta ii inaynubdensHoi
i3opopmu (ma 80,0%, P<0,01) Ha Tii 3HIWKEHHS 3arajabHOI apriHa3HOI
akTuBHOCTI (Ha 53,6%, P<0,001) 3 momanpmiiM MiABUIICHHAM y TKaHHHAX
KOHLEHTpAalli MEPOKCUHITPUTIB JIyKHUX Ta JY>KHO-3€MEJIbHUX MeETaliB (Ha

24,4%, P<0,001), mo cBiAYUTH MPO PO3BUTOK HITPO3aTUBHOrO cTpecy. Lle



CYNPOBOXKYETHCS BUCOKUM KICTKOBMM OOMIHOM 3 MiJIBUILIEHOIO PE30POLIELO,
sKa HE KOMIIEHCYEThCS PeaKIliero (popMyBaHHS KICTKH, 301TBIICHHSIM BMICTY
MPOAYKTIB JIeTIoJiMepu3allii KojgareHy, NpoTEOrIKaHiB 1 ClaJorIiKOMpOTEiHIB
(BUIBHOTO OKCHIPOJIHY, F€KCYpOHOBHX KHCJIOT Ta N-alleTHJIHEHpPaMiHOBOI
KHCJIOTH) Yy cTerHOBHX KicTkax (Ha 13,7%, P<0,01, 51%, P<0,01, ta 69,5%,
P<0,001, BinmoBigHO) Ta xpedisx (Ha 18%, P<0,01, 47%, P<0,02, ta 70%,
P<0,01, BiAmoBigHO), MO TEPEBHUINYE TAaKUK IPH ITOOJMHOKOMY BBEIACHHI
coJieit GTOpHOT Ta HITPATHOI KUCTIOT.

3a UMX yMOB ICTOTHO 3MIHIOIOTBCS OCTEOMETPUYHI Ta OlOMEXaHIYHI
XapaKTEPUCTHKU KICTOK: 3MEHIIYEThCS Maca, NIUIBHICTh Ta MiHEpalbHa
HAaCHMYCHICTh CcTerHoBux kictok (Ha 11,7%, P<0,001, 19,6%, P<0,01, Ta
23,5%, P<0,02, BignosigHo) 1 xpebmi (Ha 13%, P<0,01, 13,3%, P<0,01, Ta
17,4%, P<0,05, BiANOBIIHO), 3HUKYETHCA MIIHICTh 1 MPYXKHICTh CTETHOBUX
KICTOK (IIpH JIIHITHOMY PO3pHBI Ta MpU BUIPOOOBYBAHHI HA 3THH).

[ariditopu Tpanckpuniiitnux unHHUKIB AP-1 Ta NF-«B (SR 11302,
aMOHII0 TIPONAMHANTIOKapOaMaT Ta BOJOPO3YMHHA (opMa KBEPIECTHUHY)
BiJTHOBJIIOIOTH 32 YMOB IMO€IHAHOTO BBEIEHHS (DTOPHUAY Ta HITpATy HATPIrO
MexaHi3M aBToperyiiii piBHS NO B CTETHOBUX KICTKax IIypiB, 3MEHIIIYIOUU
3araiibHy akTuBHICTH NO-cunTa3u (Ha 64%, P<0,001, 74%, P<0,001, Ta 80%,
P<0,001, BiamoBiIHO) Ta aKTUBHICTH 1i 1HAYIMOENbHOT 130popmu (Ha 75%,
P<0,001, 86%, P<0,001, ta 89%, P<0,001, BiAMOBiTHO) NIPU PEIUIIPOKHOMY
30UIbIIIEHH] 3arajibHOl apriHa3Hoi akTuBHOCTI (Ha 88%, P<0,001, 95%,
P<0,001, Ta BnBiui, P<0,001, BiamoBimHO), Ta OOMEXYIOUH YTBOPCHHS
nepokcuHiTputy. Ile  CynmpoBOMKYEThCS  3MCHIICHHSIM  aKTHBHOCTI
dbepmenTiB-MapkepiB pe3opOitii kicTku (kucioi docdarazu Ta i KICTKOBOT
130popMH) Ta OOMEKEHHSM JENoiMepHu3allii KoJlareHy, MpOTEOorJikKaHIB Ta
CIaJIOTJIIKOTIPOTEIHIB CMOIYyYHOI (KICTKOBOi) TKAHMHU CTETHOBHUX KICTOK 1

XpeoriB.



[ariditopu Tpanckpunuiinux yuHHUKIB AP-1 T1a NF-xB 32 ymo0B
MOEIHAHOTO BBEJICHHS (TOpPUAY Ta HITpATy HATPI0O HOPMATI3YIOTh Macy
CTETHOBUX KICTOK 1 xpebmiB, mnpu wupomy SR 11302 1 amoHi0
nipoiiauHauTIOKap6amMaT 30UIbIIYIOTh MIUTBHICTh, MiHEPAJIbHY HACUYCHICTH,
MIIHICTh 1 MPYXKHICTh CTETHOBHX KICTOK, @ TaKOX IIUIbHICTh, MiHEPAIbHY
HACHMYEHICTh 1 MILHICTh XpeOIiB (3MEHIIYETbCS OCTEOMETPUUYHMI 1HAEKC
Simon), a Bogopo3uMHHa (opmMa KBEpUETUHY (KOPBITHH) IIiIBUIIYE
OIIBHICT 1 MIIHICTh CTETHOBUX  KICTOK  (30UIBIINYETHCS  PO3PUBHE
HAaBaHTAXEHHS, MeEXa MINHOCTI) ©0€3 ICTOTHOIO BIUIMBY Ha IOKa3HUKU
MiHEpaJIbHOI HACMYEHOCTI Ta MPY>KHOCTI.

Cycnensisi HaHOAMCIIEPCHOTO KPEMHE3eMy BiJIHOBIIOE 3a YMOB
MOE€HAHOTO BBEJACHHS (TOpUIy Ta HITpAaTy HATPilo (QYyHKIIOHYBaHHS
¢bi3100T1YHOTO MeXaHi3My aBToperyJisaiii piBHI NO B KpoBi Ta CTErHOBUX
KICTKaX WIypiB. Y TOMOreHaTi KICTOK II€ MPU3BOJIUTH J0 3MEHLIEHHS
3aranbHOi akTHBHOCTI NO-cuHTa3z (Ha 81,7%, P<0,001), akTuBHOCTI Iii
iaynubensHoi 13ogopmu (Ha 90,7%, P<0,001), 30inblIeHHS 3arajbHOi
apriHa3Hoi aktuBHocTi (Ha 89,2%, P<0,001) Ta oOMEXeHHS YTBOPEHHS
nepokcuHiTpury (Ha 9,9%, P<0,01), mo cympoBOTKY€e€TbCS OOMEKCHHSIM
JenoiMepusallii - KojareHy, IpOTEOrIiKaHiB Ta ClaJIOTJIIKOTIPOTETHIB
CITOJTY4YHOI (KICTKOBOi) TKAHUHU CTETHOBHX KICTOK 1 XpEOIIiB.

3acTocyBaHHS CYCIIEH311 HAaHOAMCIEPCHOIO KPEMHE3EeMYy CYTTEBO HE
MO3HAYAETHCS 32 YMOB HAQJIMIIKOBOIO HAAXOKEHHS (TOpUIY Ta HITpaTy
HATPII0 Ha KUIBKICHMX TIOKa3HHMKAX CTPYKTYPHOI KOMIIO3UIli CTErHOBHUX
KICTOK, ajieé TOKpalllye iXHI ocTeoMeTpuuHi (Maca 30uibiryerbes Ha 11,2%,
P<0,001) Ta GiomexaHiuHI BJIACTHBOCTI MPHU JIIHIHHOMY PO3pUBI (PO3pUBHE
HaBaHTaXeHH MiaBUIyeThes Ha 22,1%, P<0,01; BigHOCHE MOJOBXKEHHS — Ha
7,9%, P<0,05) Ta npu BUMpOOOBYBaHHI Ha 3TUH (PO3pHUBHE HaBaHTAXKEHHS
30uIBIIy€eThCs Ha 26,5%, P<0,001, moxyns FOnra — 90,4%, P<0,001, mexa
MimHoCTi — Ha 27,7%, P<0,05).



[Ipu3HaueHHs1 CycneH3li HaHOJIUCIIEPCHOIO KpPEMHE3eMy 3a YMOB
HAJXO/DKeHHS (PTOpUAY Ta HITpaTy HATPIIO MiJABUINYE HIIIBHICTH XpeOIiB (Ha
12,6%, P<0,05) 6e3 iCTOTHOrO BIUIMBY Ha IXHIO MIHEpajJbHY HACHYEHICTH, a
3a pe3yibTaTaMd OCTCOMETPUYHOTO JOCHIDKEHHS — 30UIbIIlye Macy Ta
MIIHICTB (3MEHIIYEThCS 1HAEKC Simon) 3-T0 MonepeKoBoro Xpeors.

HaykoBa HOBH3HA oJep:kaHMX pe3yJbTaTiB. Bnepiie BuABIEHO, 110
MO€IHAHE HAJXOHKEHHS JI0 OpraHi3My ccaBiiB (GTOpUIY Ta HITpATy HATPIIO,
Ha BIIMIHY BiJl OKPEMOT0 iX BIUIMBY, MOPYIIIY€E MEXaHI13M aBTOPETYJIAIIT piBHS
MOHOKCHUJY HITPOT€HY B CTETHOBHX KICTKax 3 TIOJAJBIINM PO3BUTKOM
HITpO3aTUBHOTO cTpecy. Lle cynmpoBOmKy€eThCS BUCOKUM KICTKOBUM OOMIHOM
3 MIJBULICHOI PE30pOIIEl0, sIKa HE KOMIEHCY€EThCA peakulielo (popmyBaHHs
KICTKH, JIETIOJIMEPHU3AII€I0 KOJTAareHOBUX 1 HE KOJIAr€HOBHUX OLIKIB KiCTKOBO1
TKaHWHU, 3MIHAMH OCTEOMETPUYHHUX 1 O10MEXaHIYHUX XapaKTEPUCTHK KICTOK
(3MEHIIIy€eTbCSI Maca, UIUIBHICTh Ta MIHEpalibHa HACHYEHICTh CTETHOBUX
KICTOK 1 XpeOlliB, 3HKYETHCS MIIHICTh 1 MPYXXHICTh CTETHOBUX KICTOK MPHU
JIHIMHOMY PO3PHUBI Ta MPH BUIIPOOOBYBAHHI HA 3THH).

Brniepiie BusiBieHO, MO 1HTIOITOPU TPAHCKPHUMIIMHUX YUHHUKIB AP-1
ta NF-xB (SR 11302, amonito miponiguHauTiokapOaMar Ta BOJIOPO3YHMHHA
(dbopMa KBEpPLETUHY) BIAHOBIIIOIOTH 33 YMOB MOEJIHAHOIO BBEAEHHS (QTOpULY
Ta HITpaTy HaTpPil0 MeXaH13M aBToperysiimii piBHA NO B CTETHOBUX KICTKax
IIypiB, 3MCHINYIOTh AaKTUBHICTh (EPMEHTIB-MapKepiB pe3opOllii KICTKH,
00OMEXYIOTh JENO0JIIMEPHU3ALIII0 KOJIareHy, IIPOTEOTJIIKAHIB Ta
ClaJIOTJIIKOMPOTETHIB CMOMY4YHO! (KICTKOBOi) TKAHWHU CTETHOBHUX KICTOK 1
XpeOLiB, 30IBIIYIOTh UIUIBHICTh Ta MOKPALLYIOTh 010MEXaHIUHI BJIACTUBOCTI
KICTOK.

Brnepie BusBIEHO, 10 CYyCHeH311 HAHOIUCIEPCHOTO KpEMHE3EeMY
BIIHOBJIIOE 32 YMOB TIOE€JIHAHOTO BBEICHHS (TOpPUAY Ta HITpaTy HATPIIO
dbyHKIIOHYyBaHHS (i310JIOTIYHOTO MEXaHi3My aBToperyssiii piBHs NO B

KpOB1 Ta CTErHOBUX KICTKaX IIypiB, OOMEXYy€e ACMOJIMEPHU3aIlil0 KOJIareHy,



MPOTEOTTIKaHIB Ta  ClaJOTJIIKOMPOTEIHIB CIOMY4YHOI (KICTKOBOi) TKaHWUHU
CTErHOBHX KICTOK 1 XpeOlliB, MOKpaIlye OCTEOMETPHYHI Ta OioMexaHiuH1
XapaKTePUCTUKH KICTOK.

[IpakTyHe 3HA4YeHHSl OJEP:KAHUX Pe3yJbTaTiB. ABTOPKOIO
3’SCOBAaHO 3aKOHOMIPHOCTI PO3BUTKY MeTa0OMYHUX 1 OloMexaHIYHUX
NOpYIIEHb y KICTKax WIypiB 3a YMOB HOEIHAHOIO HAAJUIIKOBOTO
HAJXO/DKCHHS HITpaTy Ta (TOpUIYy HATPIO, MOTIMOJICHO YSBICHHS TIPO
MOJICKYJISIpHI MEXaHi3MU J1i IUX CHOJIYK Ha OpraHi3M CCaBliB, IO Mae
NPAKTUYHE 3HAYEHHS [UI PO3POOKH e(PEKTUBHHX OCTEONMPOTEKTUBHHUX
3ac00iB. Po3po0eHo HOBI MIAXO0AM 0 KOPEKIIii OCTEONEeHIi Ta OCTEONOpO3y
3a YMOB CYMICHOI Jii HITpaTiB 1 ()TOPUIIB 3 BUKOPUCTAHHSAM 1HT10ITOPIB
Tpanckpunuiiaux QaxktopiB AP-1 ta NF-xB, a Takox enTepocopOeHTiB
(cycnen3ii HaAHOAMCIEPCHOTO KpeMHE3eMy), IO TMOTpedye MOJaIbIIuX
MOKIIHIYHUX 1 KINHIYHUX JOCIIIKEHbD.

Pesynbrat poboTH BNPOBAHKEHO y HaBUAIBHUN Tpoliec Ha kademnpi
natogizionorii YKpaiHChbKOT MEIMYHOI CTOMATOJIOTIYHOI akajeMii; kadeapax
naTojoriyHoi  (izioyorii  3amopi3bKOro  JEPKaBHOTO  MEIAHYHOTO
YHIBEPCUTETY, HarnionansHoro bapmareBTUIHOTO YHIBEPCUTETY;
XapKiBCHKOT'O HAI[IOHATBHOTO MEIUYHOT'O YHIBEPCUTETY.

Kurwo4uoBi ciaoBa: okpemuil 1 MoeJHAHUN TOKCHUYHHMI BIUIMB HITpaTiB 1
dbropuaiB, rybuacti Ta TpyOuyacTi KICTKH, aBTOPETYJISAIIS MOHOKCHUIY
HITPOTEHY, aKTUBHI ()OPMH HITPOTEHY, PEMOJICITIOBAHHS KiCTKOBOI TKaHWHH,
JIE3IHTerpalliss OpraHiYHOTO MATPUKCY KICTOK, TPAHCKPHUMININHI YUHHUKU

kanna B ta AP-1, entrepocopOeHTH.



SUMMARY

Kovaleva 1.0. Mechanisms of metabolic and biomechanical disorders
in rats’ bones during combined excess nitrate and sodium fluoride intake and
their correction. — Qualification research work. Manuscript.

Dissertation for a Doctor of Philosophy Degree, Specialty “Medicine”.
- Ukrainian Medical Stomatological Academy, Ministry of Health of Ukraine,
Poltava, 2020; Ukrainian Medical Stomatological Academy, Ministry of
Health of Ukraine, Poltava, 2020.

This dissertation presents a conceptual synthesis and solution of the
scientific issue aimed at elucidating mechanisms of metabolic and
biomechanical disorders in rats' bones during combined excess sodium nitrate
and sodium fluoride intake and elaborating new methods for their correction
by using inhibitors of transcription factors AP-1 and NF-xB, and
enterosorbents.

Series of experiments were performed on 118 Wistar white male rats
weighing 190-234 g. Experimental, biochemical, osteometric, biophysical and
mathematical-statistical methods of investigation were applied in this
research.

It has been found out for the first time that 30-day co-administration of
sodium fluoride (in a daily dose of 10 mg / kg) and sodium nitrate (in a daily
dose of 500 mg / kg), in contrast to the separate administration of these
compounds impairs the mechanism of autoregulation of nitrogen monoxide in
the femoral bones of the rats, while increasing the activity of total NO
synthase (by 51.3%, P<0.05) and its inducible isoform (by 80.0%, P<0.01)
during the decrease in total arginase activity (by 53.6%, P<0.001) with
subsequent growth of peroxynitric concentration of alkali and alkaline earth
metals (by 24.4%, P<0.001) that points out the nitrosatitistic stress

progression. This is accompanied by high bone metabolism with increased



resorption, which is not compensated by the bone formation reaction; by an
increase in the content of collagen depolymerisation products, proteoglycans
and sialoglycoproteins (free hydroxyproline, hexaronic acids and N-
acetylneuramine acid) in the femoral bones (by 13.7%, P<0.01%, 51%,
P<0.01, and 69.5%, P <0.001, respectively) and vertebrae (by 18%, P <0.01,
47%, P<0.02, and 70% P<0.01, respectively). These values exceed the values
obtained during the single administration of fluorine and nitric acid salts.

Under these conditions, the osteometric and biomechanical
characteristics of the bones significantly change: the weight, density and
mineral saturation of the femoral bones become reduced (by 11.7%, P <0.001,
19.6%, P<0.01, and 23.5%, P<0.02, respectively) as well as the vertebrae do
(by 13%, P<0.01, 13.3%, P<0.01, and 17.4%, P<0.05, respectively); the
strength and elasticity of the femoral bones decreases (with linear rupture and
during the bending test).

The study has demonstrated that under the sodium nitrate and sodium
fluoride co-administration, the inhibitors of transcription factors AP-1 and
NF-kB (SR 11302, ammonium pyrrolidindithiocarbamate and water soluble
form of quercetin) renew the mechanism NO autoregulation in the femoral
bones of rats, reducing the total activity of NO synthase (by 64%, P<0.001,
74%, P<0.001, and 80%, P<0.001, respectively) and its inducible isoform (by
75%, P<0.001, 86%, P<0.001, and 89%, P<0.001, respectively) against the
reciprocal increase in total arginase activity (by 88%, P<0.001, 95%,
P<0.001, and twice, P <0.001, respectively), and limiting the peroxynitrite
production. This is accompanied by lessening the activity of bone resorption
marker enzymes (acid phosphatase and its bone isoform) and the restriction of
the depolymerization of collagen, proteoglycans and sialoglycoproteins of the
connective tissue (bone) of the femoral bones and vertebrae.

It has been shown that the inhibitors of the transcription factors AP-1

and NF-«kB during sodium fluoride and sodium nitrate co-administration



normalize the mass of femoral bones and vertebrae, while SR 11302 and
ammonium pyrrolidindithiocarbamate increase the density, mineral saturation,
strength and elasticity of the femoral bones, as well as density, mineral
saturation and strength of the vertebrae (the Simon osteometric index
decreases), and the water-soluble form of quercetin (corvitin) increases the
density and strength of the femoral bones (the bursting load and the tensile
strength grow) without any considerable effect on the values of mineral
saturation and elasticity.

It has been found out for the first time that during the sodium fluoride
and sodium nitrate co-administration the suspension of nanodispersed silica
renew the functioning of the physiological mechanism of NO level
autoregulation in the blood and femoral bones of rats. The analysis of bone
homogenates has revealed that this leads to a decrease in the total activity of
NO-synthase (by 81.7%, P<0.001), the activity of its inducible isoform (by
90.7%, P<0.001), increase in total arginase activity (by 89.2%, P<0.001) and
limitation of the peroxynitrite production (by 9.9%, P<0.01) that is
accompanied by restriction of depolymerization of collagen, proteoglycans
and sialoglycoproteins of connective (bone) tissue in the femur and vertebrae.

Applying a suspension of nanodispersed silica under excess sodium
fluoride and sodium nitrate produces no significant effect on quantitative
parameters of the structural composition of the femur bones, but improves
their osteometric (mass increases by 11.2%, P<0.001) and biomechanical
properties at linear rupture (breaking load increases by 22.1%, P<0.01;
relative elongation — by 7.9%, P<0.05) and in the bending test (breaking load
increases by 26.5%, P<0.001, Young's modulus — by 90.4%, P<0.001,
ultimate strength — by 27.7%, P<0.05).

Using the suspension of nanodispersed silica during the sodium
fluoride and sodium nitrate increases the density of vertebrae (by 12.6%,

P<0.05) without any significant effect on their mineral saturation, and,



according to the findings of the osteometric investigation, promotes the
growth of the mass and strength (the Simon index is decreased) of the 3™
lumbar vertebra.

Scientific relevance of obtained results. It has been found out for the
first time that combined intake of sodium fluoride and sodium nitrate, unlike
the separate administration of these compounds impairs the mechanism of
nitrogen monoxide autoregulation in the femoral bones followed with the
development of nitrosative stress. This is accompanied by bone metabolism
with increased resorption, which is not compensated through the reaction of
bone formation, depolymerization of collagenous and non-collagenous
proteins of bone tissue, changes in osteometric and biomechanical
characteristics of bones (decrease in mass, density and mineral saturation of
the femoral bones and vertebrae, lowered density and elasticity of femoral
bones under linear rupture and bend test.

It has been first established that the inhibitors of the transcription
factors AP-1 and NF-xB (SR 11302, ammonium pyrrolidindithiocarbamate
and water-soluble form of quercetin) restore the mechanisms of NO
autoregulation in femoral bones of the rats, reduces the activity of certain
enzymes, which serve as bone resorption markers, restrict depolymerization
of collagenes, proteoglycans and sialoglycoproteins of connective (bone)
tissue in the femur and vertebrae, as well as enhance bone density and
biomechanical properties.

This research is the first that has demonstrated the suspension of
nanodispersed silica under co-administration of sodium fluoride and sodium
nitrate restores functioning of the physiological mechanism of NO
autoregulation in the blood and femoral bones in the rats, inhibits
depolymerization of collagenes, proteoglycans and sialoglycoproteins of
connective (bone tissues) in the femoral bones and vertebrae, and improves

osteometric and biomechanical properties of the bones.



Practical relevance of obtained results. This dissertation has clarified
the regularities of the development of metabolic and biomechanical disorders
in rats' bones during combined sodium fluoride and sodium nitrate intake, as
well as has contributed to a stronger understanding of the molecular
mechanisms of the action of these compounds on the body of mammals that is
of considerable clinical importance for the development of effective
osteoprotective medication. This research work has also suggested new
approaches towards the correction of osteopenia and osteoporosis by
combining nitrates and fluorides and the inhibitors of transcription factors of
AP-1 and NF-«xB, as well as enterosorbents (suspensions of nanodispersed
silica), but they require further thorough preclinical and clinical studies.

The results obtained have been incorporated into the courses delivered
by the Department of Pathophysiology, Ukrainian Medical Stomatological
Academy; by the Departments of Pathological Physiology as Zaporizhzhia
State Medical University, National Pharmaceutical University, and Kharkiv
National Medical University.

Key words: separate and combined toxic effects of nitrates and
fluorides, spongy and tubular bones, autoregulation of nitrogen monoxide,
active forms of nitrogen, remodelling of bone tissue, disintegration of organic

bone matrix, transcription factors kappa B and AP-1, enterosorbents.

Cnncok nmy0aikaniii 3100yBa4Ky 3a TeMOIO JUCEPTAIiL

1) 6 sikux onyoOniKO8aHT OCHOBHI HAYKOBI pe3yibmamu oucepmayii:

1. ®yHkuioHyBaHHs apriHazHoro Ta NO-CHHTa3HOro HUIAXY
MeTabomi3My L-apridiny B KpoBi IIypiB 32 YMOB MOEIHAHOTO HAJIUIITIKOBOTO
HAJXO/DKEHHS HITpaTy Ta (TOpUAY HATPIl0 Ta 3aCTOCYBaHHS CyCHEH3li
HaHoaucnepcHoro kpemuesemy / O.€. AximoB, [.O. KoamboBa, B.O.

Kocrenko // AxtyanbHi npo0iieMu cydacHOi MenuuuHu: BicH. YKpaiHCbKOT



Mmez. ctoMmarodn. akagemii. — 2016. — T.16, Nel. — C. 169-173. (be3nocepenHbo
JUCEPTaHIl Hajexarh AaHl moa0 NO-CHHTa3HOT Ta apriHa3HOi aKTUBHOCTI B
KpOBI ILIypIB 32 YMOB MO€JHAHOTO HAJUIMIIIKOBOTO HAAXOKEHHS HITpaTy Ta
dbTopuIy HATPIIO Ta 3aCTOCYBAHHS CYCIIEH311 HAHOIUCIIEPCHOTO KPEMHE3EMY )

2. BnusHue 3HTEpOCOPOEHTOB Ha META0OJIM3M apruHUHA U MPOLIECCHI
NEPOKCHUHOTO OKHUCIICHUS JIUMIUIOB B KPOBH KPBIC B YCIOBHUSX XPOHUYECKOM
COYETAaHHOW MHTOKCUKalMU HUTpaToM u (ropunom Hatpus / O.E. Axumos,
N.A. KoBanéra, B.A.Kocrenko // BecTHUK AJTMaTHHCKOTO TOCYIapCTBEHHOTO
MHCTUTYTa ycoBepiueHcTBoBaHUs Bpaue (Kazaxcran). —2016. — Ne3. — C.37-
41. (besnocepenHbO MHUCEPTAHTIN HajekaTh JaHi 1010 NO-CHHTa3HOI Ta
apriHa3Hoi aKTUBHOCTI B KpOBI IIypIB 3a YMOB 3aCTOCYBaHHS PI3HUX
EHTEpOCOPOEHTIB NpPH MOEJHAHIM 1HTOKCHKAIll HITPaTOM 1 (TOPUIOM
HaTPIIO).

3. KopanmboBa [.O. BrimB iHriOITOpPIB TPaHCKPUILIAHOIO YUHHUKA
karnma B Ha MeraboiiyHi Ta CTPYKTYpHI MOPYIIEHHS KICTKOBOI TKaHWHU 32
YMOB TMOE€THAHOTO HAAJIUIIKOBOTO HAJIXOJKEHHSI PTOPUIY Ta HITpATy HATPiIO
/ 1.O. KomamboBa, B.O. Kocrenko // AkTyanbHi NpoOIeMH CydacHOI
MenuuuHA: BicH. Ykpaincbkoi Men. cromarod. akaaemii. — 2019. — T.19, Nel.
— C. 65-70. (Ocobucra y4yactb AMCEPTAHTKH — aHAII3 JIITEPATypPHUX JAHUX,
opraHizalisi Ta MPOBEACHHS JOCIIIKEeHb, IHTEpHpeTallis pe3yJbTariB,
HaIUCAaHHS CTaTTI).

4. Kosanrosa [.O. Brumus iHTi6iTOpa TpaHckpumiiitHoro unHanka AP-1
Ha CTPYKTYpHO-METa0oIi4Hl Ta OGioMeXaHidHI 3MIHM KICTKOBOI TKaHWHHU 3a
YMOB MOETHAHOTO HAJIUIIKOBOTO HAJIXOJKEHHSI PTOPUAY Ta HITPATY HATPIIO
/ 1.O. KomamboBa, B.O. Kocrenko // AkTyanbHi NOpoOIeMH CydacHOI
MenuuuH: BicH. Ykpaincbkoi Men. ctomarod. akaaemii. — 2019. — T.19, Ne2.
— C. 123-128. (Ocobucra yyacTb AUCEPTAHTKH — aHAJII3 JITEPATyPHUX JAHUX,
opraHizaimisi Ta TPOBEACHHS JOCII/DKeHb, I1HTEpHpEeTalisl pe3yabTaTiB,

HaIUCAaHHS CTaTTI).



5. Correction of destructive changes in connective tissues of different
organs during chronic nitrate and fluoride intoxication by nanosized silica
oxide / O.Ye. Akimov, 1.0. Kovalova, V.O. Kostenko // Journal of Education,
Health and Sport. — 2019. — V.9, Ne5. — P. 547-555. (be3nocepennpo
JUCEPTAHTKOIO OJIEP’)KAaHO Ta TIPOAHATI30BAHO pE3yJbTaTH IIO0AO0 3MiH
MOKA3HUKIB JIECTPYKLIi KICTKOBOI TKAHUHU 32 YMOB 3aCTOCYBAaHHS CyCHEH3Ii
HAHOJMCIIEPCHOTO KPEMHE3eMy IIpH TMOEJHAHIM 1HTOKCUKAIl HITpaTOM 1
bTOpUIOM HATPIIO).

2) aKi 3acgiouyroms anpobayiro mamepianie oucepmayii:

6. Kopanésa UN.A. Ponb mnepokCHHUTpUTA B  Ipoleccax
JETOJIMMEPHU3AINK KOJIareHa U MPOTEOTINKAHOB B KOCTSX M KOXKE KPBIC TIPH
COYCTAaHHOM BBEJICHMHM B OpraHm3M HuTpatra u (ropuaa Hatpus / WU.A.
Kopanéra, A.B. bormanoB, [.A. Xmuns // dyHmameHTanbHas Hayka H
KJIMHU4YECKasg MeauunHa — Yenosek u ero 310poBbe : XIX wmexayHapoaHas
MeJUKO-Onoornyeckas KoH(epeHuus Monoasix uccienoBareneit (CaHKT-
[TerepOypr, 23 anpens 2016 r.) : te3ucsl. — CII6. : U3a-so CIIOI'Y, 2016. —
C. 273-274. (be3nocepeaHbO JHUCEPTAHTIIl HaleXaTh JaHl IIOJO
3aKOHOMIPHOCTEH 3MIHM KOHIICHTpallli TEPOKCHUHITPUTY Ta TPOIYKTIB
JernoiMepu3aliii KojlareHy 1 MpOTEOrJIiKaHIB Y KICTKaxX 3a YMOB MO€ETHAHOTO
HAJJTUIITKOBOTO HAXO/KEHHS HITpaTy Ta (TOPHUIY HATPIIO).

7. Ponb peloKkc-4yTIMBUX TPAHCKPUIIIMHUX YMHHHUKIB y MEXaHI3Max
OKHCHO-HITpo3aTuBHOrO crpecy / A.M. €minceka, 10.J]. ®penkens, M.C.
Komane, 1.0. KoamwoBa, O.0. IlIBaiikoBcbka, [.B. SBrymenko, B.O.
Koctenko // AKTyanpHI NHUTAaHHS MATOJIOTI] 3a YMOB Al HaJa3BUYAMHHMX
¢dakTopiB Ha opraHism : X HayK.-PpakT. KOH(}. 3 MDKHAPOA. Y4YacTiO
(Tepnominb, 5-6 xoBtHsS 2017 p.) : Mar. — Tepnomins, 2017. — C. 16.
(be3snocepenHbO aUCEPTAHTII HaJIekKaTh AaHl IIOAO POJII TPAHCKPUIIIAHUX

yuHHUKIB NF-kB Tta AP-1 y MexaHi3Max OKHCHO-HITPO3aTHBHOI'O CTpPECy B



KICTKaX 3a yMOB IIO€JHAHOTO HAJUIMIIKOBOTO HAIXOKEHHS HITpaTy Ta
dbTopuy HaTpiLO).

8. Posib 1HT101TOPIB Ta 1HAYKTOPIB PEIOKC-UyTIMBUX TPAHCKPHUIIIIHHUX
YUHHUKIB y ()apMaKOJIOTI4HIM PETyIIsIiii OKHCHO-HITpaTUBHOTO cTpecy / A.M.
€ninceka, 10.J1. ®penkens, O.1. benikora, M.C. KoBaip, 1.0. KoBanboga,
B.O. Koctenko // V Hail. 3’131 ¢apmakosnoriB Ykpainu (3anopixoks, 18-20
xoBTHS 2017 p.) : Te3u mon. — 3amopixoks, 2017. — C. 42. (besnocepeanno
JTUCEPTaHTIIl HaJIeXKaTh JaHi M[0J0 BIUIMBY IHTIOITOPIB TPaHCKPUMIIIHHUX
yuHHUKIB NF-kB Ta AP-1 Ha pPO3BUTOK OKHCHO-HITPO3aTMBHOTO CTpPECY B
KICTKaX 3a yMOB IO€IHAHOTO HAJUIMIIKOBOTO HAJIXOKEHHS HITpaTy Ta
dTopuy HATPIIO).

9. AxkumoB O. E. Hurpar-mHaynupOoBaHHBIE NHPOLECCHI B KPOBU H
cepane kpoic / O.E. Akumos, 1. A. Koranésa // bararopiBHeBa npodinaktuka
Ta JIIarHOCTHKA B OHKOJIOT11 : 30. T€3 HayK.-MPaKT. KOH(]. 3 MDKHAP. Y4acTIO. —
Xapki, 2018. — C. 8. (be3nmocepenHbo MUCEPTAHTII HAJNEKATh JIaHi OO
3MiH TIOKa3HUKIB cucTeMd NO B KpOBI HIypiB 3a YMOB IO€IHAHOIO
HAJJTUIITKOBOTO HAIXO/KEHHS HITpaTy Ta (PTOPHUIY HATPIIO).

10. Iariditopu aktuBaiii Tpanckpumniiifanx yuHHUKIB NF-kB Tta AP-1
K 3ac00M NPO(UIAKTUKY Ta MATOT€HETUYHOT Teparii OKUCHO-HITPO3aTUBHOIO
ctpecy / B.O. Kocrenko, A.M. €mirceka, [.O. KoBansoBa, C.M. Hazapenko,
H.B. Conogsiiora, 10.J]. ®penkenp, O.0. IlIBaiikoBchka, 1.B. SBTymenko //
bronn. XVII urennit um. B.B. Iloaseiconikoro (r. Onpecca, 24-25 mas 2018
r.). — Omecca, 2018. — C. 110-111. (be3nocepeqHb0 AUCEPTAHTII HAIEKAThH
JaHl II0JI0 BIUIMBY 1HT10ITOpIB TpaHCKpumuiiHuX yuHHUKIB NF-kB 1a AP-1
Ha PO3BUTOK OKHCHO-HITPO3AaTUBHOTO CTPECY B KiCTKaX 3a YMOB TO€HAHOTO
HAJJTUIIIKOBOT'O HAJIXO/HKEHHS HITpaTy Ta (PTOpuIy HATPIiIO).

11. Ponp penokcuyTIMBUX YWMHHUKIB TPAHCKPHUIILII B MEXaHi3Max
JIeCTpyKuii cronayunoi TkanumHM / A.M. €mnceka, 1.0. KoamwoBa, C.M.

Hazapenxko, 10.]]. ®penkens, O.0. IlIBaiikoBchka, 1.B. fBTymenko, B.O.



Kocrenko // AKTyanpHl NHUTAaHHS MATOJIOTI] 3a YMOB Ail HaJa3BUYAMHHMX
daktopiB Ha opradizMm : XI Hayk.-mpakT. KoH(]. 3 MDKHApPOA. y4YacTiO
(Tepuominb, 4-5 xoBTHa 2018 p.) : mar. — Tepnoninb, 2018. — C. 43- 44,
(besmocepennbo AMCEpTaHTII HalIeXaTh JaHI I[IOJ0 BIUIMBY 1HTi0ITOPIB
TpaHckpuniiiaux 4yuHHUKIB NF-xB Ta AP-1 Ha mnokasHuku necTpykiii
KICTKOBOT TKaHMHHM 3a YMOB IIOEJHAHOTO HAJIUIIKOBOTO HAIXOKEHHS
HITpaTy Ta GTOpUILY HATPIIO).

12. Ponb penoKCUyTIMBUX YWHHUKIB TPAHCKPUMIi B MOPYIICHHI
aBTOpEryJsLii OKcuay a3ory B opranizmi ccaBiiB / B.O. Kocrenko, FO.M.
['pumiko, C.B. enucenko, A.M. €minceka, 1.O. Kopansora, H.B. Conosiiona,
0O.0. llIBaiikoBchka // IHTErpaTHBHI MEXaHI3MU MATOJIOTTYHUX MPOLIECIB: BiJ
EKCIIEPUMEHTAJIbHUX JOCIIKEHb 10 KI1HIYHOI pakTukd : VII mnenym Ykp.
HayK. TOB. MaToi3iojioriB Ta HayK.-MpakT. KOHQ., mpucBsueHi 110-piyuro 3
nHst HapomkeHHs wi.-kop. AMH CPCP, npod. M.H. 3aiika : mar. gom.
(ITonraBa, 11-12 xoBtHs 2018 p.). — IlonraBa, 2018. — C.35-36.
(be3nocepenHb0 aUCEpPTAHTIII HajeXaTh JaHl 100 PO3JaiB aBTOPETYJIALil
piBHa NO B KICTKax NIypiB 3a YyMOB IIO€JHAHOIO HAJIUIIKOBOIO
HAJXODKCHHS HITpATy Ta PTOPUIY HATPIIO).

13. Ponb akTuBaLMK A€pHOTO TpaHCKpUnuuoHHOro (aktopa NF-kB B
pPa3BUTHH THINEPIPOAYKIIMA OKCHIA a30Ta B YCIOBUAX XPOHHUYECKOU
dbropuanoit uaTokcukanuu / O.E. Axumon, N.A. Kosanésa, A.B. MuieHko
// CBiTOBa MEIMIIMHA: Cy4acHI TEHAEHLII Ta (aKTOpU PO3BUTKY : 301pHUK TE3
HAYKOBUX POOIT YYaCHUKIB MIKHAPOJIHOI HayKOBO-IIPAKTUYHOI KOH(DepeHTIIii
(M. JIeBiB, 25-26 ciuns 2019 p.). — JIeBiB : 'O «JIbBiBChKa MeauyHa
cnubHOTay, 2019. — C. 109-112. (be3nocepenHbO MUCEPTAHTI HalEKaTh
naHi moao poii aktuBaiii NF-kB Ha BupoOnenns NO y kicTkax mypiB 3a
YMOB XPOHIYHOI IHTOKCHUKAI[li HITPATOM HATPIIO).

14. Bmustnue NF-kB ¢akTopa Ha pa3BuTHE OKCHAAIMOHHOTO CTpECcCa B

KpoBHU KphIc nipu ¢propuaHoit natokcukanuu / O.E. Axkumos, N.A. KoBanéga,



A.B. Mumienko // AkTyanbHl IUTaHHS PO3BUTKY MeauuHUX Hayk y XXI cr. :
MDKHap. HayK.-nipakT. koH}. (JIbBiB, 25-26 TpaBus 2019 p.) : 30. marepiamis.
— JIeBiB, 2019. — C. 94-98. (be3nocepenHbO AUCEPTAHTIIl HaJeKaTh JaHI
o0 poiii aktuBanii NF-xB Ha nmpojykyBaHHS akTUBHUX (DOPM HITPOTEHY B
KICTKaXx IIypiB 32 yMOB IHTOKCHKAIIl1 (PTOPUIOM HATPIIO).

15. KoBanvoBa [.O. MeraboiiyHi, OcTeOMETpUYHI 1 OlOoMexaHI4Hi
MOKA3HUKM KICTKOBIM TKaHWUHHU WIypiB TPH TMOEIHAHOMY HAJJIUIIIKOBOMY
HAJXO/DKEHHI B opraHi3Mm HiTpaty 1 propuny Hatpito / 1.O. KoBanbosa, B.I.
Maxkapenko // MexaHi3Mu PO3BUTKY MAaTOJIOTTUHUX MPOIIECIB 1 XBOPOO Ta iXHS
dapmakonoriusa kopekiiss : Tte3u gponoBiged Il HaykoBo-mpakTtuuHOi
IHTEpHET-KOH(EPEHIIil 3 MDXKXHapoaHOO ydacTio (21 nmucromama 2019 p.). —
XapkiB : Bun-sBo H®aVy, 2019. — C. 184. (Ocobucra y4actb TUCEPTaHTKHA —
aHaJ i3 JITEpaTypHUX JaHUX, OpraHizaiis Ta TMPOBEACHHS JTOCIIIKCHb,
1HTEepIpeTalis pe3yiabTaTiB, HAMUCAHHS T€3 JOMOBI/I).

3) aKi 000amKo8o 8i00Opax;caromob HAYKOBL pe3yibmamu oucepmayii:

16. MonekynsipHl M€XaHi3MH BIUIMBY (DTOPHUIB Ha OpPTraHi3M CCaBIIiB /
B.O. Kocrenko, O.€. AxkimoB, 1.0. KopamsoBa, A.B. Mimenko, }O./I.
®penkensb // AxtyanbHi pobiemMu cydacHoi mMeaunuHu: BicH. Ykpaincbkoi
Mea. cromaroi. akamemii. — 2018, — T.18, Nel. — C. 303-308.
(be3nocepeaHbO IUCEPTAHTKOIO MTPOAHAII30BAHO JaH1 JITEPATYPH Ta BIIACHUX
JTOCTIDKEHb I0JI0 3aKOHOMIPHOCTEH BIUIMBY (TOPUIIB Ha KICTKOBY

TKaHUHY).



