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AHOTANIIA

Konanux 1.0. BniauB wMenatoHiHy Ha oOMIH TiAgporeH cynbdiagy Ta
AHTHOKCUJAHTHY CHCTEMY II€UIHKM TpHU eKCIIepUMEHTalbHIH Hedpomartii. —
Kgpamidikamiitna HaykoBa mparisl Ha IpaBax PyKOIIUCY.

Hucepranist Ha 3700yTTS HAyKOBOTO CTYIEHS JokTopa ¢itocodii 3a
cnemianpHicTIO 222 — MenunuHa B rany3i 3HaHb 22 — OXOpoHa 3/I0pOB’s. —
BykoBUHCHKUI JiepKaBHUM MeaudHUM yHIBepcuteT, YepHinii, 2021.

JuceprariitHa poOoTa TpHCBSYEHA TOCIIHDKECHHIO BIUIMBY MEJIATOHIHY Ha
MOKAa3HUKA CTaHy OKCHIAAHTHO-aHTHOKCHJIAHTHOI CHCTEMH, EHEPTreTHYHUN
MeTaboJi3M Ta OOMIH TiAPOTeH cyibdiny B MEUIHII Ta KPOBI IIypiB 3a YMOB
(1310JI0T1YHOT HOPMU Ta €KCIIEPUMEHTAIIbHOT He(pomaTii.

YpakeHHsT HHUPOK MPU3BOAUTH JO YCKJIQJHEHHS O0araTbOX COMaTHYHHUX
3aXBOPIOBAHb 1 MIJIBUIIYE PU3HK CMEPTI y NaiieHTiB. Lle 3ymMoBiI0€ HEOOXIAHICTh
MOIIYKY 3ac001B €(peKTUBHOI Ta Oe3neYHol (PapMaKoJIOTiyHOI KOpEKLii HepponaTii
pi3HOi etionorii. IleyiHka Ta HUPKU BIIICPAIOTH BAXIUBY POJIb TaKOXK Yy
3HEIIKO/PKEHHI KCEHOOIOTHKIB, TOMY BOHM OUIbIII CXWJIbHI JI0 OKHCIIOBaJIbHUX
MOIIKO/KEHb. B OCTaHHI pPOKM aKTyaJlbHUM € TakoXX BHUBYeHHS poii H,S B
MIATPUMaHHI OKHMCHO-BIJIHOBHOTO TIOMEOCTa3y Ta BIUIMBY Ha aKTHUBHICTb
AHTHOKCHUJAHTHOTO 3aXUCTY.

OaHuM 13 HAMOUIBII MOUMIMPEHUX AHTHOKCUIAHTIB € MeNaToHiH. BiH, sk
ropMoH emidizy, BOJOAIE IMYHOCTUMYIIOOYUMHU, JETOKCUKALIMHUMU Ta
AHTUOKCUIAHTHUMU BJIACTHUBOCTSIMHU. MENaTOHIH 3IaTHUN MEPEXOILIIOBATH BiIbHI
pajvKadd Ta CTUMYJIIOBAaTH aKTHBHICTh AHTHOKCHUAAHTHUX eH3umiB. OJHAK,
3aJIMIIAIOTHECS HE3 SICOBAaHMMHU BCl MEXaHI3MM [li MEJAaTOHIHY, 30KpeMa, HOoro
BIUTUB Ha OKCUIAHTHO-aHTUOKCHUJIAHTHY CHUCTEMY Ta CHCTEMY TiIporeH Cyib(imgy
MIEYIHKU Ta KPOBI IIpH HepomaTii.

HocnimkeHHs: mpoBeAeHo Ha 127 HemiHIMHUX OUTUX CTaTEBO3PUIMX IIypax
macoro 160-180 r. TBapunu Oynu po3nonisieHi Ha 5 rpym: | — KOHTposibHA TpyTia

TBapuH; |l — TBapuHu 3 3-7A€HHOIO eKcnepuMeHTaNnbHOW Hedponatiero; Il —



TBApUHH, SKUM HA TJI1 MOJEIIOBaHHS €KCIEPUMEHTaIbHOI HepomaTii MIOACHHO
BBOJWJIM MEJATOHIH 13 po3paxyHKy 10 MI/Kr Macu Tila BHYTPIIIHBbOILTYHKOBO
ynpooBx 3 mHiB; |V — TBapuHU 3 7-1€HHOI0 €KCIIEPUMEHTAILHOIO HEPPOIIATIETO;
V — TBapuHU 13 EKCIEPUMEHTAIBHOI0 HE(POMATI€0, SKUM MIOJEHHO BBOJWIH
MeJIaTOHIH B 7031 10MI/Kr macu ympojaoBx 71aHiB. MojemtoBanHs HedponaTii
3MIMCHIOBAIM IIJISXOM  OJHOPA30BOr0 BHYTPIIIHBOOYEPEBUHHOTO BBEJCHHS
domieBoi kuciotu (Sigma-Aldrich, CILIA ) y n03i 250Mr/xr Macu Tijia.

BuByaiii TOKa3HUKM OKCHUIAAHTHO-aHTUOKCHUJIAHTHOT CHCTEMH KpOB1 Ta
NEYiHKH, AaKTHBHICTb €H3UMIB CHCTEMH €HEpro3ade3nedyeHHs MITOXOHAPIH
TemaToIUTIB, a TAKOX PiBEHB TiAporeH cynbdiny ta H,S-reHepyrounx eH3uMiB 3a
YMOB PO3BUTKY He(ponarii Ta BBEICHHS MEJIATOHIHY.

BcraHoBiieHo, MiJIBUILIEHHS KOHILIEHTpAlli KpEaTUHIHY Ta CEYOBUHU B IIa3Mi
kpoBi Ha 140,5% Tta 26,6% BignosigHo Ha 3 AeHb Ta Ha 30,7% 1 14,6% BiAMOBITHO
Ha 7 JIeHb y TBApHUH 3 €KCIEPUMEHTAIbHOIO HEPPONATI€I0 B IMOPIBHSAHHI 3 TPYIOI0
KOHTPOJIt0. 3HAYHE MIJBUILIEHHS PIBHSA KPEAaTUHIHY Ta CEYOBHHHM CBIIYUTH MPO
noripiieHHsT GUIbTpaLiiHOi (yHKIII HUPOK, MOCUJICHHS MacUBHOI peabcopOIii B
HUPKOBHUX KAHAIBISIX Ta MOPYIIEHHS 3AaTHOCTI HUPOK BUBOJIUTH 3 KPOBOTOKY
MPOJYKTH a30TUCTOTO META0O0I3MY, 1110 CBITYUTH IIPO TOKCUYHE YpaKEeHHSI HUPOK.

Ha 3 nenp ekcnepuMeHTaIbHOI Hedpomarii CrnocTepiraidv MiIBUIIECHHS B
miazMi  KpoBl  IIypiB  akTUBHOCTI  y-riytamunTpancnentuaasu (I'TT) 1
ananinaminotpancdepaszu (AJIAT) na 30,9% Tta 74% BiAMOBITHO B MOPIBHSHHI 3
TPYMOI0 KOHTPOJBHUX TBapuH. BMICT 3aranpHOr0 mpoTEiHy 3HM)KYBaBcA SIK Ha 3
Tak 1 Ha 7 JIeHb eKCriepuMeHTalIbHOI Hedponatii Ha 14,5% ta 14,2% BiAMoBigHO B
MOPIBHSHHI 3 TOKa3HWKAaMU KOHTPOJIbHMX TBapuH. JlaHi 3MIHM TMOKAa3HUKIB
CBIJUUTh NP0 YpPaKEHHS IMEYIHKK Ta MOPYUWEHHS ii MPOTETHCUHTE3yBaJIbHOI
¢bysK1ii Ha (OHI eKcrepuMeHTaIbHOI HeponaTii, BUKINKAHOT BUCOKMMH JI03aMH
(b oITiEBOT KUCITOTH.

Hamu BcTaHOBNIEHO, MIABMILEHHA B IjIa3Mi KpoBi mrypiB BmicTy TBK-
aKTUBHHX MPOJYKTIB sIK Ha 3-1i1 Tak 1 Ha 7-uii neHb HedponaTii Ha 32,8% Ta 20,8%

BIJIIOBIJTHO, B TIOPIBHSIHHI 3 KOHTPOJIBHOIO T'PYIOI0 TBapuH. BMICT KapOOHUIBHUX



NOXITHUX TPOTEiHIB HeWTpampHoro xapaktepy (OMII370) Ta ocHOBHOTO
xapaktepy (OMII430) B kpoBi migBunryBaBcs Ha 57,8% Tta 19,4% na 3-iii neHb
Hedpomarii Ta Ha 53,1% 1 50% BiamoBigHO Ha 7 JAE€HH B TOPIBHSHHI 3
MOKa3HUKaMH KOHTpoo. [IiABUIIEHHS AOCTIIKYBaHUX MOKA3HUKIB CBITYUTDH PO
MOCWJICHHSI TIPOIIECIB BUIbHOPAJIUKAIBHOTO OKHCHEHHS 332 YMOB BUHUKHEHHS
Hedpormarii.

BcraHoBieHO TOpyIIEHHS 1 B CHCTEMI AHTHOKCHUAAHTHOTO 3aXHUCTy Ta
IJyTaTioHOBOi crcTteMu KpoBi. Tak, akTuBHICTH cymnepokcuaucmyTasu (SOD)
3HIDKyBajacs Ha 3-iit aens Ha 13,2%, Ha 7-mii nenb — Ha 8,4%, xatanasu Ha 20,2%
Ha 3-ii1 neHb, Ha 23,0% - HA 7-uil JeHb, B MOPIBHSIHHI 3 KOHTPOJBHHOIO TPYIOIO
tBapuH. CHOCTepiraal 3HIWKCHHS aKTUBHOCTI riyTarioHnepokcugasu (GPX) Ha
70,8% Ha 3-ii1 neHb Ta 65,3% Ha 7-1il 1eHb €KCIIEPUMEHTY. 3HUKEHHS aKTUBHOCTI
riayraTion-S-tpancdepasu (GST) BcranoBieHo Ha 7-uit aenp Ha 10,8% B
MOPIBHSHHI 31 3HAYEHHSIMHU KOHTPOJIIO.

BwmicT nepynomnna3sMidy B mia3mi KpoBi 11ypiB 3poctaB Ha 40,9% Ha 3-ii1 1eHb
Ta Ha 74% Ha 7-ull I€Hb EKCIIEPUMEHTY, MOPIBHSHO 3 TPYNOI KOHTPOJIBHHUX
TBapHH.

Takox HamMu BUSBJICHI 3MIHU BMICTY BUIbHUX SH-Tpyn Ta H,S B mta3mi kpoBi
IIypIB 3 €KCIepUMEHTaIbHOI0 HedponaTiero. CriocTepiraaocs 3HM)KCHHS BMICTY
SH-rpym Ha 26,6% Ha 3-iii nenb 1a 9,3% Ha 7-uii 1eHb eKkcrepuMeHTy; BMicT HpS
3HKYyBaBcs Ha 28,2% Tta 24,3% Ha 3-iif Ta 7-uil IeHb BIAMOBIIHO, MOPIBHSIHO 3
TPYNOI0 KOHTpOIt0. 3HWkeHHs BMicTy SH-rpynm ta H,S B mma3mi kpoBi mrypis
MOXe OyTH TOB’si3aHE SIK 3 MOCUJIEHOH 1HTEHCU(DIKAIIE€ BUIBHOPATUKAIBHUX
MPOILIECIB, TaK 13 TOCWJICHUM BUKOPHUCTAHHIM ITUX CIIONYK.

TpuzeHHe BBEIEHHS MEJIATOHIHY 3HMKYBAJO KOHUEHTPALII KpeaTHHIHY Ha
19%, ane Bce 11e TOCTOBIPHO MEPEBUIITYBAIO PIBEHDb MOKa3HUKIB KOHTPOJIIO MakxKe
B 2 pasu. CeMuieHHE 3aCTOCYBaHHSI MEJATOHIHY 3HM)KYBAJO PIBEHb KPEaTHHIHY
Ha 19,2% Ta pocsramo 3HauYeHb KOHTPOJbHUX TBapuH. Ha Tpertit neHb
eKCIIEPUMEHTY 3a YMOB 3aCTOCYBAHHS MEJIATOHIHY KOHIIEHTpAllisl CEYOBHUHU

3HMXKyBastacs Ha 13,2%.



Takuii BIUIMB MEJNATOHIHY € pPE3yJbTaTOM TMOKpalleHHs (iIbTpariiHol
3aTHOCTI HUPOK LI0JI0 BUBEICHHS HUMH MPOYKTIB a30TUCTOrO OOMIHY.

Pisenr OMII370 ta OMII430 micist BBeJEHHSI MEJIATOHIHY 3HMXKYBaBCS Ha
19,8% Ta 25,6% BiamoBigHO HA 3—iii JeHb BUHUKHEHHS Hedpomartii MOpiBHIHO 3
MOKa3HUKaMHU TBapuH 3 He(pomaTi€ro. 7-MU JEHHE BBEJACHHS MEJIATOHIHY
npu3BOAMIO 110 3HMKeHHs piBHS OMII370 Ha 27,6% Ta TEK-akTUBHUX NPOIYKTIB
Ha 23,6% mopiBHIHO 3 TPYMOIO0 TBAPUH 3 HEPPOMATIETO.

[Ipyn BBeJeHHI MEJATOHIHY MPOTATrOM 3-0X JHIB B KPOBI IIypiB 3pocTaja
aKTUBHICTH: KaTanasu Ha 17,6% ta GPX Ha 103,5% B mOpiBHIHHI 3 TPYIIOI0 TBAPUH
3 HedponaTtiero. Ha 7-uil 1eHb akTUBHICTh KaTajla3u mijBuiyBayiacs Ha 13,9%, a
GPx na 99,6% B nopiBHSIHHI 3 HE(pOIIaTi€l0, aje BCe e JOCTOBIPHO BIAPIZHSIIUCS
B/l IOKA3HUKIB IPYNU KOHTPOIbHUX TBapUH. AKTUBHICTh GST mijgBHIlyBanacs Ha
7-uii nenb Ha 12,2% B OPIBHAHHI 13 3HAUEHHSIMU TBapHH 13 Hedporari€ero.

MenaToHiH TiABUIYBaB piBeHb BUIbHUX SH-rpym Ha 26,7% Ha 3-iii JeHb
KOpEKLIi B MOPIBHAHHI 3 MOKa3HMKAaMU EKCIIEPUMEHTAJbHUX TBapHH Ta JOCSTaB
3HauY€Hb KOHTpPOJbHUX TBapuH. KoHueHtpamis H,S mpu BBeiaeHHI MeTaTOHIHY
nigBuiyBanacs Ha 26,7% (3-ii genn) ta 13,9% (Ha 7-uil neHb), ajle Bce Iie
3aMIIaNacs HIKYOI0 B TOPIBHSHHI 3 IOKa3HUKAMHU KOHTPOJTIO.

BeneHnns menatoHiHy 3HMXKYBAJIO BMICT 1 CUPOBATKOBOTO IIEPYJIOIJIa3MiHY,
K Ha 3-1 aeHp — Ha 14,8%, tak 1 Ha 7 neHb Ha 34,3% B MOpPIBHSHHI 3 TPYIOIO
TBapHWH 3 HePpOMaTI€ro.

HaMu BCTaHOBJIEHO MOCHJIEHHS MPOLIECIB OKWCHEHHS JIMiAiB Ta OUIKIB B
renaTouuTax, Npo Mo CBIIYUTH NiABUILIEHHS BMICTY: TBK-akTUBHUX NPOAYKTIB HA
3-1i1 Ta Ha 7-uit genb Ha 19,9% 1 38,8%; Bmicty OMII370 Ha 42,6% Ta 16,1%
BiAMOBIAHO, a Takok OMII430 na 17,5% Ha 7-uii neHb BUHUKHEHHSI HedpomnaTii
MOPIBHSTHO 13 3HAYEHHSAMH KOHTPOJTIO.

OCKIJIbKY, TUXAJIBHUNA JIAHITIOT MITOXOHJIPIN € JpKepesioM aKTHUBHUX (popm
okcureny (A®QO), Hamu OyJI0 JOCTIIKEHO aKTUBHICTh MITOXOHIp1aJIbHUX €H3UMIB
Ta BMICT BUIbHMX SH-rpym B rematouurtax HiypiB. Byno BHUsBIEHO 3HM>KEHHS

aktuBHOCTI NADH-y6ixiHOH-OKCuaopenykra3u Ha 9,1% na 3-1it aens Ta Ha 7,0%



Ha 7-uil JIeHb €KCIIEPUMEHTY; CyKIMHATAETIAporeHasu Ha 3-1if neHp Ha 26,8% Ta
Ha 7-uil neHb Ha 16,7%; muToxpoMm ¢ okcuaasu Ta H'-ATd-asu Ha 42,0% Ta
37,5% Hna 3-1#t Ta Ha 37,9% Ta 33,1% Ha 7-uii AeHb €KCIIEPUMEHTY BIiJMOBIAHO, a
TakoX BMicTy SH-rpymn B MiToxoHapisix rematouuTiB Ha 30,9% - Ha 3-iif neHb Ta
Ha 33,2% 7-uii 1eHb TOPIBHSIHO 3 TPYIOI0 KOHTPOJIBHUX TBAPHUH.

TakuM 4MHOM, TIPU €KCIIEpUMEHTaIbHINA HedponaTii BiI0yBaeThCsl 3HUKCHHS
AKTUBHOCTI  JUXAJIbHUX KOMIUIEKCIB, 10 OOYMOBJICHO OKHCIIOBAIHHUM
MOIIKO/UKEHHAM OUIKIB, IO CKJIaJal0Th OCHOBY BHYTPIIIHBOI MeMOpaHu
JTUXAIBHOTO JIAHITFOTa MITOXOHJPINA, a TaKOX 1 JIMIAIB, 10 MPUWMAIOTh y9acTh B
cTa0uTi3alll JUXaIbHUX KOMILJIEKCIB B MEMOpaHI.

[Ipu BBeneHHi MenaToHiHY mokKa3HUKM TBK-akTMBHMX MNpOAYKTIB Ta
OMII370 3um3unucs Ha 3-ii1 geHb Ha 23,9% Tta 22,3%, ta Ha 7-uil aeus — 31,3%
ta 21,5% BiAMNOBIIHO TMOPIBHSHO 13 TPYINOK TBapuH 13 Hedpomatieto. Takox
croctepiranocs 3HWkeHHsS OMII430 na 25,2% nHa 7-uit J¢HbL BBEACHHS
MeJaToHiHy. TakuM 4MHOM, BBEACHHS MEIIATOHIHY 3JaTHE 3MEHIIYBATH CTYIiHb
nepoKcHaIii OUIKIB 1 JMIIIB.

BBeneHHs MeNaToOHIHY Mallo BIUIMB Ha OKHCHEHHs cyOctpatiB I Tta II
KOMIUJIEKCIB ~ Ta  copusuio  mifBuiieHHto — akTuBHOCTI  NADH-y6ixiHOH
OKCUJOpPEAYKTa3u B MITOXOHJIPISX TenaTolMTIB urypiB Ha 7,9% Ha 7 neHb B
NOPIBHSAHHI 3  TOKa3HMKaMu TBapuH 3  Hedpomnartiero. IligBuieHHs
CYKIIMHAT/ICT1IPOT€HA3HOI aKTUBHOCTI crioctepiraiocs Ha 24,6% Ha 3-1i 1eHb Ta
Ha 16,8% Ha 7-uli neHb B MOPIBHAHHI 3 TBapHUHAMH 3 EKCIIEPUMEHTAJIbHOIO
Hedpomnariero. Pe3ynbratu mokaszanud, 1m0 Ha 3-1d J€Hb MEJATOHIH IiJIBUIIYE
LIUTOXPOM ¢ okcuasHy Ta H'-AT®-a3Hy akTUBHOCTI B MITOXOHJIPifiX FeNaTOIUTIB
Ha 78,6% Ta 25,3%, a Ha 7-uii nenp Ha 44,8% Ta 24,5% BiAMOBIIHO MTOPIBHSIHHI 3
TBapWHAMU 3 EKCIIEPUMEHTAIBHOI Hedpomnartiero. OaHaK, MABUIIICHHS aKTUBHOCTI
H*-AT®-a3su Bce e AOCTOBIPHO BifPI3HANOCA BiJ TNOKA3HHUKIB KOHTPOJIO.
3poctanHs BMicTy SH-rpyn npu kopekuii MeJaTOHIHOM BHUSIBJIEHO Ha 7 JIeHb Ha
14,5% B MOpiBHAHHI 3 TPYIIOI0 TBapUH 3 HE(PPOMATIEIO, aJie BCE K TaKH HE JOCATAE

MOKa3HUKIB KOHTPOJIbHUX TBAPHH.



Hamu BCTaHOBIIEHO 3MIHM B CHCTEMI aHTHUOKCHJIAHTHOTO 3aXHCTy TEYIHKHU.
AKTHUBHICTh CYNEPOKCHIIMCMYTa3u 3pOcTajia Ha 3-if JeHb EKCIIEPUMEHTY Ha
30,4%; xarana3u Ha 3 Ta 7 neHb Ha 24,9% Ta 19,4% BIANOBIIHO TMOPIBHSIHO 3
MOKa3HWKAMHM TPYNU KOHTPOJBHUX TBapuH. B TOW wac Oyj0 BCTaHOBIEHO
3HWKCHHS ~ BMICTY  BigHoBieHoro  riyrationy  (GSH) wa  33,6%,
TIIyTaTIOHNEepOKCcHIa3Hoi akTUBHOCTI Ha 11,6%, riyrarion-S-tpaHcdepasHoi
aKTUBHOCTI Ha 22,7% Ha 3-uii IeHb BUHUKHEHHS HePpomaTii, Ta 3HUKEHHS BMICTY
GSH Ta aktuBHocTi GPX Ha 7-uil nenbp y TBapuH 3 Hedponartiero Ha 23,1% Ta
36,5% BiaMOBIAHO, B TOPIBHSAHHI 3 KOHTPOJIEM.

BBeneHHs MenaToHiHy Majo  TO3WTUBHUM  BIUIMB HA  AKTHBHICTH
CYNEPOKCUIMCMYTA3H Ta KaTajaasu, 0 MPOSBIUIOCS B 3HIXKEHHI IIMX MTOKAa3HUKIB
Ha 19,4% ta 18,4% BianoBigHO Ha 3-11 JA€Hb EKCIIEPUMEHTY, MOPIBHSHO 3
MOKa3HUKaMU TBapuH 3 HedpormaTiero. Takoxx Malio Miclle 3HUKEHHSI aKTUBHOCTI
KaTtana3u Ha 16,8% Ha 7-uil JAeHB IICIA BBEJCHHS MEJIaTOHIHY, B MOPIBHSHHI 3
MOKa3HMKAMH €KCTIEPUMEHTAIBHUX TBApUH 3 He(hpomaTiero.

Benenns menaroHiny crpusiio 3poctanHio Bmicty GSH sk Ha 3-iif, Tak 1 Ha
7-nii nenp excriepumenty Ha 30,3% Ta 24,2% BIANOBIIHO, a TAKOXK I1JBULIYBAJIO
aktuBHICTh GPX Ha 39,2% Ha 7-i1 1eHb B MOPIBHSHHI 3 TIOKa3HUKAMHU TBapUH 3
Hedponartiero. OnHak, akTuBHICTH GPX Bce 1€ JOCTOBIPHO BIApI3HSIIACA BiJl
MOKA3HUKIB KOHTPOJIIO.

BBeneHHs MenaToOHIHY yHpOJOBXK 7 MHIB CHpUSE€ HOpMami3allli MOKa3HUKIB
OKCUJIAaHTHOI Ta aHTUOKCUIAHTHOI CHCTEMHM y TEYiHII LIypiB 13 Hedpomariero, a
TAaKOXX TMOKpallye (yHKIIOHYBaHHS [HUXaJIbHOTO JIAHLIOTA MITOXOHJApPIH, IO,
WMOBIPHO, OB’ S3aHO 3 MOTO MOTY>KHUMH aHTUOKCUIAHTHUMHU BIIACTUBOCTSIMH.

Hamu Briepiie Oyia0 BCTaHOBJIEHO B3a€EMO3B’SI30K MK MOPYIICHHSM OOMIHY
riiporeH cynbdigy Ta 3MIHAMH OKCHUJAHTHO-aHTHOKCHUIAAHTHOI CUCTEMHU TEYIHKU
Ta KpOBI IIypiB, a TAaKOX JOCIIKEHO BIUIMB MEIATOHIHY Ha ()YHKIIIOHYBaHHS
CUCTEMHU TiJporeH cyib(ily B MEYiHLI NIypiB 3a yYMOB 3a YMOB PO3BUTKY
Hedponarii. BcranoBneHo, 1m0 Hedpomarii NOPU3BOAUTH O 3HUKCHHS

KOHIIeHTpalii Ta mponaykuii H,S y mewinmi mrypiB, uepe3 mpurHiueHHs H,S-



OpOAYKYIOUOi  aKTMBHOCTI €H3uMiB, o reHepywotb H,S. Tak, 3a ymoB
eKCIIepUMEHTanbHOT Hedpomatii Ha 3-1d  JCHB CIOCTEPIrajocs 3HUKCHHS
koHueHTpauii HpoS B nmeuwinmi mypiB Ha 37,92% Tta npoaykuii Hp,S Ha 34,84%, 1o
CYNPOBO/DKYBAJIOCS 1 3HIKCHHSAM akKTUBHOCTI H,S-cMHTE3yrounx eH3UMIB:
nucrationin-y-masu (CSE) Ha 38,98%, nucrationin-f-cunrasu (CBS) Ha 33,73%
ta mucreinamiHoTpancdepasu (CAT) na 26,76% B MNOpIBHSHHI 3 TBapUHAMU
KOHTpOJIbHO1 Tpynu. Ha 7-uii nens konuentparis H,S 3HmwkyBanacs na 45,2%, a
npoaykiis - Ha 27,9%. BecraHoBneHo 1 3HMKEHHST akTUBHOCTI H,oS-npoaykyrounx
easumiB: CSE — na 31,7%, CBS — na 32,1%, CAT — nHa 32,7%, mOpiBHSIHO 3
MOKa3HUKAMH TPy KOHTPOJIBHUX TBAPHUH.

BBeaeHHs MenaToOHIHY TPU3BOJUIIO IO 3POCTAaHHS MOKA3HUKIB KOHIIEHTpAIli
ta ipoaykiii H,S y medinmi mrypiB Ha 3-iif nenb — Ha 16,59% Tta 21,30%, a Ha 7-mi
nenb - Ha 33,0% ta 20,9% BiAMOBIAHO B MOPIBHSHHI 3 MOKAa3HUKAaMU TBAapUH 3
Hedpomnariero, aje Ha 7—uil IeHb BCE 1€ JOCTOBIPHO BIAPI3HSIUCA Bl MOKA3HUKIB
KOHTpOJIt0. MenaroHiH 301IbIIyBaB pIBEHb TIAPOreH Cyiab(piay HUISIXOM
nigsuieHHs aktuBHOCcTI CSE, CBS Tta CAT Ha 3 neHb excriepumeHTy Ha 24,15%,
32,52% Ta 28,62% BiAMOBIiTHO B MOPIBHSHHI 3 TPYMOI0 TBapuH 13 HEPPOMATIETO.
CeMusieHHE BBEJICHHS MEJATOHIHY MiJABUIYyBaliO piBeHb H,S 3a paxyHOK
3pOCTaHHs TiAporeH cyabdia npoaykyrwoudoi aktuBHOCTI CBS Ha 23,7% ta CAT Ha
25,4% B MOpiIBHSAHHI 3 OKa3HWKaMH TBapuH 3 Hedpomariero. OnHak, HA 7 JCHb
EKCIIEPUMEHTY TOKAa3HUKUA aKTUBHOCTI €H3UMIB, 10 OEpyTh y4acTh B reHeparlii
H,S Bce 11e 10CTOBIpHO BiAPI3HAIUCS BiJ 3HAU€Hb KOHTPOJIBHUX TBapHH.

PesynbraTu  AOCHIKEHb BKa3ylOThb, 110 MEJATOHIH, 3aBASKH CBOIM
AHTUOKCUJAHTHUM BIJIACTUBOCTSAM 3JIaTHUN 3HWKYBAaTH PIBEHb OKHUCIIOBAIHHOTO
CTpecy, TMOKpallyBaTH (PYHKIIOHYBaHHS €H3UMIB JUXAJIBHOIO KOMIUJIEKCY
JAHIIOTa MITOXOHPINA, CTUMYIIIOE€ aKTUBHICTh PsIIy aHTHOKCHIAHTHUX €H3UMIB 1
3pocTtanHs BMicTy GSH, TakuM 4MHOM CHHEPTi4HO B3a€EMOIIIOYU 3 HUM, a TaKOXK
30UIbIIYyE BMICT TiApOreH cyibQiny, SKAW TaKoX, B MEBHIA Mipl, BOJOJIIE

AHTHOKCUAAaHTHHNMH BJIACTHUBOCTAMMU.



OTpuMaHi pe3yibTaTh AOCHIIKEHb PO3MIMPIOIOTh TEOPETHYHI JAaHl MIOA0
epeKTy MeNaTOHIHYy Ha PO3BUTOK OKHCIIOBAJIHHOTO CTpPECy, AHTHOKCHUIAHTHY
CUCTEMY KpOBI Ta TI€UIHKH, CHCTEMY €HEpro3abe3leueHHs B MITOXOHIPISX
TenaTouTIB 1 OOMIH TIAPOTeH CyNb(iAy Ta € eKCHEPUMEHTATbHUM MiATPYHTIM
1I0JI0 JTOIIIBHOCTI MOJAJIBIIIOT0 BUBUEHHS BIUIUBY MEJIATOHIHY SIK O€3MEYHOro Ta
e(heKTUBHOTO 3acO0y I MPOMUIAKTUKHU Ta KOPEKIIil MaTOI0T1i HUPOK Ta MEUiHKH.

Pesynbratu guceprariiiHoi poOOTH BIPOBAIXKEHO Y HAaBYAIBHHUI MpoOIIEC
kadenpu maroioriyHoi (iziosorii  ByKOBHHCBKOTO JEpKaBHOTO MEIUYHOTO
yHiBepcuteTy, kKadenpu wmennyHoi Oioximii TepHOMIIBCKOTO HAaIiOHATHHOTO
MeauyHoro yHiBepcuteTy iMeHi [.S. I'opOaueBcbkoro MO3 VYkpainu, kadenpu
OloyoriyHoi Ta MenuuyHOi Ximii imeH1 akajgemika [.0O. baGenka IBaHo-

®paHKIBCHKOTO HaIlIOHAJILBHOTO MEUYHOTO YHIBEPCUTETY.

KarouoBi cjoBa: Hedponatisi, MeNaToOHIH, OKCHUAATHUBHUN  CTpec,

AHTUOKCHUJAHTHA CHCTEMa, T1JIPOreH Cyb(diJl, MeYiHKa, MITOXOHIPII.
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Thesis to obtain the academic degree of Doctor of Philosophy (PhD) on
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The thesis deals with investigation of melatonin effect on the indicators of the
oxidant-antioxidant system state, energy metabolism and hydrogen sulfide
metabolism in the liver and blood of rats under physiologically normal conditions
and in experimental nephropathy.

Kidney lesions result in complications of many somatic diseases and increase
the risk of death in patients. It stipulates the necessity to find the means of an
effective and safe pharmacological correction of nephropathies of various
etiologies. The liver and kidneys play an important role in Xxenobiotic
neutralization as well therefore these organs are more susceptible to oxidation
damages. In recent years investigation of H,S role in the maintenance of oxidation-
reduction homeostasis and its effect on the activity of antioxidant protection has
become a matter of topical interest.

Melatonin is one of the most wide spread antioxidants. As an epiphyseal
hormone it possesses immune stimulating, detoxicant and antioxidant properties.
Melatonin is able to bind free radicals and stimulate activity of antioxidant
enzymes. Meanwhile, all the mechanisms of melatonin action remain uncertain
including its effect on the oxidant-antioxidant system and hydrogen sulfide system
of the liver and blood in nephropathy.

The research was conducted on 127 nonlinear albino mature rats with the
body mass of 160-180 grams. The animals were distributed into 5 groups: | — the
control group of animals; Il — the animals with 3-day experimental nephropathy;
1l — the animals with simulated experimental nephropathy and everyday

introduction of melatonin in the dose of 10 mg/kg of the body weight into the



stomach during 3 days; IV — the animals with 7-day experimental nephropathy; V
— the animals with experimental nephropathy everyday introduction of melatonin
in the dose of 10 mg/kg of the body weight during 7 days. Nephropathy was
simulated by means of a single injection of folic acid into the peritoneum (Sigma-
Aldrich, USA) in the dose of 250 mg/kg of the body weight.

The indicators of the oxidant-antioxidant system of the blood and liver,
enzymatic activity of the mitochondrial energy-supply system in the liver cells, the
level of hydrogen sulfide and H,S-generating enzymes were studied under
conditions of nephropathy development and melatonin introduction.

140,5% and 26,6% increase of creatinine and urea concentrations in the
blood plasma respectively were found on the 3™ day, and 30,7% and 14,6%
increase on the 7™ day respectively in animals with experimental nephropathy in
comparison with the control group. A considerable increase of creatinine and urea
levels is indicative of deterioration of the kidney filtration function, intensification
of passive reabsorption in the renal tubules and disorders in the ability of kidneys
to eliminate nitrogenous metabolism products from the blood flow which is
indicative of toxic kidney lesion.

On the 3 day of experimental nephropathy the activity of y-
glutamyltranspeptidase (GGT) and alanine aminotransferase (ALAT) in the blood
plasma of rats 30,9% and 74% increase respectively in comparison with the control
group of animals. Total protein content on the 3™ and 7" days of experimental
nephropathy 14,5% and 14,2% decreased respectively in comparison with the
indicators of the control animals. The changes of indicators are indicative of liver
lesion and disorders in its protein-synthetizing function with experimental
nephropathy caused by high doses of folic acid.

32,8% and 20,8% increase of TBA-active products in the blood plasma of rats
were found on the 3" and 7" days of nephropathy respectively in comparison with
the control group of animals. The content of carbonyl protein derivatives of a
neutral character (OMP370) and alkaline character (OMP430) in the blood 57,8%
and 19,4% increased on the 3™ day of nephropathy and 53,1% and 50% on the 7"



day respectively in comparison with the control indicators. Increase of the
indicators examined is indicative of the intensification of the free radical oxidation
processes under conditions of nephropathy.

Disorders in the antioxidant defense system and glutathione system of the
blood were found. Thus, superoxide dismutase (SOD) activity 13,2% decreased on
the 3" day, 8,4% decreased on the 7" day, catalase activity 20,2% decreased on the
3" day and 23,0% - on the 7" day in comparison with the control group of animals.
Glutathione peroxidase (GPx) activity 70,8% decreased on the 3™ day and 65,3% -
on the 7" day of the experiment. Decrease of glutathione-S-transferase (GST)
activity on the 7™ day was found to be 10,8% in comparison with the control
values.

The changes in the content of free SH-groups and H,S in the blood plasma of
rats with experimental nephropathy were found. On the 3™ day of the experiment
SH-groups 26,6% decreased and 9,3% - on the 7™ day of the experiment; H,S
content 28,2% and 24,3% decreased on the 3™ and 7™ days respectively in
comparison with the control group. A decreased content of SH-groups and H,S in
the blood plasma of rats can be associated with both an increased intensification of
free radical processes and an increased utilization of these compounds.

Ceruloplasmin content in the blood plasma of rats on the 3 day 40,9%
increased and on the 7" day of the experiment it 74% increased in comparison with
the control group.

Three-day introduction of melatonin reduced creatinine concentration by
19%, but it was practically twice as much than the values of the control group.
Seven-day administration of melatonin decreased creatinine level by 19,2% and
reached the levels of the control animals. On the third day of the experiment after
melatonin administration urea concentration 13,2% decreased.

Such melatonin effect results from an improved filtration ability of the
kidneys concerning their function to eliminate nitrous metabolism products.

OMP370 and OMP430 levels after melatonin introduction 19,8% and 25,6%

decreased respectively on the 3™ day of nephropathy in comparison with the



indicators of animals with nephropathy. Seven-day melatonin introduction resulted
in 27,6% decrease of OMP 370 level and 23,6% decrease of TBA-active products
as compared to animals with nephropathy.

After melatonin introduction during 3 days catalase activity in the blood of
rats 17,6% increased and GPx — 103,5% in comparison with the group of animals
with nephropathy. On the 7" day catalase activity 13,9% increased and GPx —
99,6% in comparison with nephropathy, though it still reliably differed from the
values of the control group of animals. GST activity on the 7" day 12,2% increased
as compared to animals with nephropathy.

Melatonin increased the level of free SH-groups by 26,7% on the 3™ day of
correction in comparison with the indicators of experimental animals and reached
the values of the control animals. H,S concentration with melatonin introduction
26,7% increased (3" day) and 13,9% (7" day), but it was still lower than that of the
control indicators.

Melatonin introduction decreased the content of serum ceruloplasmin on the
3" day by 14,8%, and on the 7" day by 34,3% in comparison with the group of
animals with nephropathy.

Intensification of lipid and protein oxidation processes in the liver cells was
found which is indicative of an increased content of TBA-active products on the 3™
and 7" days by 19,9% and 38,8% respectively; OMP370 content by 42,6% and
16,1% respectively, and OMP430 by 17,5% on the 7" day of nephropathy in
comparison with the control group.

Since the respiratory chain of mitochondria is a source of oxygen active forms
the activity of mitochondrial enzymes and the content of free SH-groups in the
liver cells were studied. On the 3" day of the experiment 9,1% decrease of NADH-
ubiquinone oxidoreductase was found and 7,0% decrease on the 7" day of the
experiment; succinate dehydrogenase decreased by 26,8% on the 3™ day and
16,7% - on the 7"; cytochrome c oxidase and H*-ATP 42,0% and 37,5%
decreased on the 3™ day, and 37,9% and 33,1% on the 7" day of the experiment

respectively. The content of SH-groups in the mitochondria of the liver cells 30,9%



decreased on the 3™ day and 33,2% decreased on the 7" day in comparison with
the group of control animals.

Therefore, experimental nephropathy results in reduced activity of the
respiratory complexes, which is stipulated by oxidative damage of proteins
constituting the basis of the internal membrane of the mitochondrial respiratory
chain and lipids participating in stabilizing respiratory complexes in the
membranes.

After melatonin introduction the indicators of TBA-active products and
OMP370 on the 3" day 23,9% and 22,3% decreased, on the 7" day — 31,3% and
21,5% respectively as compared to the group of animals with nephropathy.
OMP430 decreased by 25,2% on the 7" day of melatonin introduction. Therefore,
melatonin introduction can reduce the degree of peroxidation of proteins and
lipids.

Melatonin introduction influenced on oxidation of the substrates of I and II
complexes and promoted 7,9% increased activity of NADH-ubiquinone
oxidoreductase in the mitochondria of the liver cells of rats on the 7" day as
compared to the indicators of animals with nephropathy. 24,6% increase of
succinate dehydrogenase activity was observed on the 3™ day and16,8% increase
on the 7™ day as compared to the animals with experimental nephropathy. The
results were indicative of 78,6% and 25,3% increase of cytochrome ¢ oxidase and
H*-ATP in the mitochondria of the liver cells on the 3™ day due to melatonin
introduction, and their 44,8% and 24,5% increase respectively on the 7" day as
compared to the animals with experimental nephropathy. It should be noted that
increase of H'-ATP activity differed reliably from that of the control indicators.
The content of SH-groups after melatonin correction 14,5% increased on the 7"
day as compared to the group of animals with nephropathy, but still it was not
equal to that of the control group indices.

Certain changes were found in the antioxidant defense system of the liver.
Activity of superoxide dismutase 30,4% increased on the 3" day of the experiment;

catalase — 24,9% and 19,4% respectively in comparison with the indices of the



control group. At the same time, the content of reduced glutathione (GSH) 33,6%
decreased, glutathione peroxidase activity — 11,6%, glutathione-S-transferase
activity — 22,7% on the 3" day of nephropathy. On the 7" day GSH content and
GPx activity in the animals with nephropathy 23,1% and 36,5% decreased
respectively in comparison with the control.

Melatonin introduction produced a positive effect on the activity of
superoxide dismutase and catalase, which was evidenced in 19,4% and 18,4%
decrease of these indices on the 3™ day of the experiment in comparison with the
indices of animals with nephropathy. On the 7" day of the experiment catalase
activity 16,8% decreased after melatonin introduction as compared to the
indicators of experimental animals with nephropathy.

Melatonin promoted increase of GSH content both on the 3™ and 7" days of
the experiment —30,3% and 24,2% respectively, and increase of GPx activity
39,2% as much on the 7" day as compared to the animals with nephropathy:.
Though, GPx activity differed reliably from that of the control indices.

Melatonin introduction during 7 days promotes normalization of oxidant and
antioxidant system parameters in the liver of rats with nephropathy and improves
functioning of the mitochondrial respiratory chain, which might be associated with
its powerful antioxidant properties.

We are the first to find interrelations between disorders of hydrogen sulfide
metabolism and changes of the oxidant-antioxidant system in the liver and blood of
rats, and to examine melatonin effect on the functioning of hydrogen sulfide
system in the liver of rats under conditions of nephropathy development.
Nephropathy was found to result in decreased concentration and production of H,S
in the liver of rats due to inhibition of H,S-producing activity of enzymes
generating H,S. Thus, under conditions of experimental nephropathy on the 3" day
H,S concentration in the liver of rats 37,92% decreased and H,S production —
34,84% respectively, which was associated with a reduced activity of H,S-
synthesizing enzymes: cystathionine -y-lyase (CSE) by 38,98%, cystathionine -f3-
synthase (CBS) by 33,73% and cysteine aminotransferase (CAT) by 26,76% in



comparison with animals from the control group. On the 7" day H,S concentration
45,2% decreased, and its production — by 27,9%. Decrease of the activity of H,S-
producing enzymes was found as well: CSE — by 31,7%, CBS — by 32,1%, CAT -
by 32,7% in comparison with the indices from the control group of animals.

Melatonin introduction resulted in the increase of concentration and
production of H,S in the liver of rats on the 3" day — by 16,59% and 21,30%, and
on the day - by 33,0% and 20,9% respectively as compared to the indices of
animals with nephropathy, but these parameters still differed reliably on the 7" day
from that of the control. Melatonin increased hydrogen sulfide level by means of
increasing CSE, CBS and CAT activity on the 3™ day of the experiment by
24,15%, 32,52% and 28,62% respectively in comparison with the group of animals
with nephropathy. Seven-day melatonin introduction increased H,S level at the
expense of hydrogen sulfide producing activity of CBS by 23,7%, CAT and 25,4%
in comparison with animals afflicted with nephropathy. Meanwhile, on the 7" day
of the experiment the parameters of enzymatic activity participating in H,S
generation still differed reliably from the indices of the control animals.

The results of our research are indicative of the fact that melatonin due to its
antioxidant properties is able to decrease the level of oxidative stress, improve
functioning of enzymes in the respiratory chain of mitochondria, stimulate activity
of a number of antioxidant enzymes and increase GSH content, and therefore being
in synergism relation with it, and increase hydrogen sulfide content that to some
extent possesses antioxidant properties.

The results of our research obtained expand theoretical knowledge concerning
melatonin effect produced on the development of oxidative stress, antioxidant
system of the blood and liver, system of energy supply in the mitochondria of the
liver cells and hydrogen sulfide metabolism, and make an experimental foundation
concerning reasonability of further investigation of melatonin effect as a safe and
effective means for prevention and correction of kidney and liver pathology.

The results of the thesis obtained are introduced into the educational process
at the Department of Pathological Physiology at Bukovinian State Medical



University, Department of Medical Chemistry at I.Ya.Horbachevskyi Ternopil
National Medical University, Academician H.O.Babenko Biological and Medial

Chemistry Department at Ivano-Frankivsk National Medical University.
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