YHUBEP3UTET YV KPAT'YJEBLY
OAKVIITET MEJUITMHCKUX HAYKA
KPAI'VJEBAILL

1. Onnyka HacraBHo-Hay4Hor Beha

Onnykom HacraBHo-Hay4yHor Beha dakynreTa MEIMIMHCKUX Hayka YHHMBEp3UTETa y
Kparyjesiy, 6poj 01-10274/3-4, on 28.11.2012. ronuHe, MMEHOBAaHU Cy 4YIaHOBU KOMHCH]jE 3a
OLICHy Hay4YHE 3aCHOBAHOCTH TeMe JIOKTOPCKe AucepTanuje Kanauaarta Biagumupa JKnskosuha,
TI0/1 Ha3UBOM:

»E(QEeKTH XOMOIUCTEHHA M CYNICTAHIIA CPOTHUX XOMOIUCTENHY HA KAPAHOAUHAMHUKY U
KOPOHAPHM MPOTOK M30JI0BAHOT CPIA MA0BA: yJ0ra raCHUX TPaHCMHUTEPa U
OKCHIAIMOHOT cTpeca®

UnaHOBH KOMUCH]E CY:

1. Mpo¢d. nap Naranjan Dhalla, npencennuk, pegoBaun npodecop, HWHCTHTYT 32
KapJMOBacKyJlapHa HCTpakuBama, WHCTUTYT 3a ¢usnonorujy, MeaunuHcku (axynrer,
Bununer, Kanaga

2. MMpo¢p. np HAparan Bypwmh, unan, penoBu mnpodecop MeaunmHcKOr —dakKyaTeTa
VYuuep3utera y beorpany 3a yxxy HayuHy obnact ®usnonoruja,

3. Mpod. np Olga Pechanova, unan, peaoBHu mpodecop, MHCTUTYT 3a HOpPMamHy u
natoJjomky ¢usmnonorujy, CnoBauka Akanemuja Hayka, bpatucnasa

4. IIpo¢. np I'Bo3nen Pocuh, unan, penoBHu mpocdecop Daxkynrera METUIIMHCKHX HayKa
VYuusepsurera y Kparyjesiy 3a yxxy Hayuny obnact ®usnonoryja,

5. Tpo¢. ap Baaagumup JakossbeBuh, unan, Banpenanu npodecop Pakynrera MEIUITUHCKUX
Hayka YHuBep3utera y Kparyjesiy 3a yxy Hayuny o6nact ®usnonoruja.

2. M3BemiTaj koMucHje 0 MOJ00HOCTH TeMe

2.1. KpaTka 6uorpajpuja kanauaara

Hp Bnamumup JXuskoBuh je pohen 26. 12. 1984. rogune y Kparyjesuy. 3aBpLivio OCHOBHY
mKkony ,,Mupko JoBanoBuh®“ kao Hocmman gumiome "Byk Kapapmh" u IlpBy kparyjeBauxy
ruMHa3Hjy. Ynucao Memununcku daxynrer y Kparyjesuy 2003. rogune, 3aspmmo 23. 07. 2010.
roJnHe ca mpocedHoM orieHoM 8.65. Tokom ctymuja ox 2005. ronuHe je YKJbYYEH Y HAyIHO-
UCTPAKUBAUKK pajl y OKBUPY jnaboparopuje 3a Dusmonorujy, MemuuuHckor dakyirera y
Kparyjesity, kojom pykoBoau [Ipod. np Bragumup JakoBseBuh. Ox 2009. rogune capabhyje u'y
HACTaBHOM TIpoliecy, mocebHo Ha cryaujckom mporpamy @APMAIINIJA. On neuembpa 2010.
TOAMHE PaJy Kao capaJHMK y HACTaBH 3a YKy HayyHy oOsiacT PU3HOI0THja Ha CBUM CTYAUjCKUM
nporpamMuma Ha QakynTeTy MEAMIMHCKHX Hayka YHuBep3ureTa y KparyjeBily. YdecTBoBao je
Ha BHIIE HAayYyHHX KOHTpeca y 3eMJbM W HWHOCTpaHCTBY. JloOMTHHMK Harpajae 3a HajOosbe
npe3eHToBaH paja Ha cecuju Pusunonoruja Ha 48. KoHrpecy cTyneHaTa MeAMIIMHE, CTOMATOJIOTH]E
u (papmanmje, Komaonuk 2007 rogmne. [oOutHuk Young Investigator Travel Award nHa
Winnipeg Heart International Conference, Winnipeg, Canada, 12-15.10.2011. Y4ecHUK pOjeKTa



MunucrapcTBa mpocBeTe, HayKe M TEXHOJOMKOr pas3Boja Pemybmuke CpbOuje u3 obiactu
OCHOBHUX HCTpaxuBama “E¢exkTH XoMouucTeHHa U XOMOLUCTEMHY CPOAHUX CYNCTAHIH Ha
KapAMOBACKYJIapHHU cucTeM: yJjora racuux tpancmurepa (NO, CO u H,S)* (mox mmdpom
OUN175043), kao u OwmmarepaJHOT MpojeKTa y OKBUPY capanme CpoOuja-CrnoBauka “Edexart
HHXHOUIMje PeHMHCKUX M (IPO)PEHHMHCKHUX pelenTopa Ha KapAHOBACKYJAPHHM CHUCTEM ca
noceoHnM ¢Goxycom Ha racue Tpancmurtepe® (mox mudppom 680-00-140/2012-09/07). V ckiomy
OBOT TPOjeKTa, JOOMTHUK je cTuneHanje CroBauke BIaje 3a CTyAHjCKU OopaBak y CioBavkoj Ha
HHucTuTyTy 32 HOpManiHy ¥ matosiomiky ¢usuoiorujy CrioBauke akajeMuje Hayka, Kojy Tpeba aa
peanu3zyje moueB ox 01. 02. 2013. roaune y Tpajamy ox 6 (mect) mecenu. CtyaeHt je tpehe
TOJIMHE TOKTOPCKUX aKaJIEMCKUX CTyAH]ja, M300pHO mojapyyje — ExcriepuMeHTanna u npuMemneHa
dbusnonoruja ca cnoprckoM MeaunuHOM. [1o0kuo je cBe mporpamMoM mpenBul)eHe HCIIUTE HA
MpBE JBE TOAWHE JOKTOPCKHX aKaJeMCKHX CTyaWja ca mpocekoM 8.60, ka0 ¥ yCMCHH
JIOKTOPAHTCKH WCIUT ca oreHoM 10 (mecer). 'oBopu eHTIIECKH jE3WK, CIIyXH ce (paHI[yCKUM
Je3MKOM H TI03HAje paJl Ha padyHapuma. Y CB0joj JUCTH pedepeHnn 1m0 cama uma 48
oubmmorpadcKux jequHuIa, o1 4era 12 (n1BaHaecT) panoBa 00jaB/beHUX Y LIEJIMHHU Y YACOTIHCHMA
ca SCI nucre.

2.2.HacJioB, npeAMeT U XUIIOTE3a JOKTOPCKE JUcepTaLIAje

HacaoB: ,Edextn XomouucTeMHa W CYNCTAaHIM  CPOJHUX  XOMOIIUCTEMHY  Ha
KapJAMOIMHAMUKY U KOPOHAPHU MPOTOK M30JIOBAHOT CpIIa MMAIloBa: yJIoTa FAaCHUX TPAHCMUTEpa U
OKCHJAIIMOHOT cTpeca‘

Ipeamer: Epamyanuja edekxata akyTHE aJMHUHUCTpPAIMje€ XOMOIMCTEMHA W CYICTAHIHU
CPOAHMX XOMOILIMCTEMHY Ha CpYaHH MHIIMN W KOPOHApPHY LHMPKYJAIMjy H30JO0BAHOT cCpIia
maroBa, Kao 1 Moryhe Mmexanu3me n1ooujeHunx edexara

Xunore3a: OcHOBHA XWIIOTe3a CTyJHje je Ja aKyTHa arJIhKaluja XOMOLHUCTeHHAa H
CYINICTaHII CPOJIHUX XOMOIIMCTEMHY, MOX€ HMaTH IUTETHO J€jCTBO HA CpyaHUM MHIIMh U
KOpPOHapHYy MHPKYJIAIMjy H30JI0BaHOT cplia mnaioBa.Takohe, gomaTHa Xumoresa je na je oBaj
edekar y AMPEKTHO] BE3U Ca TaCHUM TPAHCMHUTEPHMA U OKCHJALIMOHUM CTPECOM.

2.3. [TonoOHOCT KAaHAUAATA

Kangunary je o6jaBsbeH jeman pan y uenunu y daconucy ca CC/SCI nmucrte, y xome je mpBu
ayTop, YUMe je UCIIYHHO YCJIOB 3a TIPHjaBy TOKTOPCKE Te3e:

Zivkovic V, Jakovljevic V, Djordjevic D, Vuletic M, Barudzic N, Djuric D. The effects of
homocysteine-related compounds on cardiac contractility, coronary flow, and oxidative stress
markers in isolated rat heart. Mol Cell Biochem 2012 Nov; 370(1-2): 59-67 M23 — 3 6oaa

2.4. Ilperaen crama y NOAPYYjy HCTPAKUBAKHA

Jlyro BpeMeHa ce BepoBajO Ja je XWUIEPXOMOIMCTEMHEMHja He3aBHcaH (akTop pH3HMKa 3a
aTepocKiepo3y, MeyTuM MHOTOOpOjHE KIMHHYKE CTYIHje HUCY ca CHUTYpHOIIhy MOTBpIuIie
OBaKaB 3akJbyyak. VICTOBpeMEHO cy yTBp)eHH MHOTOOpOjHU MITETHH €(EeKTH XOMOIIMCTEHHA,
Koju cy wu3Mmel)y ocramor jacHO TIOBE3aHM Ca OKCHAALMOHMM CTPEeCcOM, Kao U ca
,»XOMOILIMCTEMHUIIU3AIUjOM TpoTenHa (HexesbeHo ¢Gopmupame Besa wmmehy CH rpyma
aMUHOKHCeIHa). PaHnja ucTpakuBama Cy mokaszaia Jia je XUIEePXOMOIMCTEHHEMH]a YApYKeHa
ca IITEeTHUM PeMojieJioBambeM U ciabomhy cpuanor mummha. OcuM Tora, OCTOje MoJAU KOjH
yKa3yjy Ja aKyTHO aIlUIMKOBaHW XOMOIIMCTEHWH JIOBOJIU 10 CMameHka KOHTPAKIHje CPYaHOT



mumuha, anm W KOpOHapHE BazoAuWiaTanuje: edexkara y Kojuma He yuecTByjy NO, anm
JEIMMUYHO YYECTBYj€ a/ICHO3HH.

l'acau tpancmutep NO (IponyKT aMHHOKHCENHHE L-apruHuHa) je Mo3HaT Kao CeKyHIapHU
[JIACHUK Yy MHOTHMM XOMEOCTaTCKUM IpollecuMa, aiu je, u3mely ocrasior, moBe3aH U ca
nucyHKIIMjOM €HOoTeNa W eHaokapaa. ExporenHa u eHjokapaHa AUCHYHKIMjAa C€ jaBIbajy
ycien JaenoBama (akrtopa pusnka (YKJbydyjyhnm M XOMOLMCTEHH), ald W Kao pe3yJrTaT
nucbananca y npoaykuuju/pasrpaamun NO u O,-. Tepanujcke cTpareruje kKoje umajy mujb 1a
nosehajy npoaykiujy NO (W/mmm cMame HBeroBy pasrpajiiby) U Ha JIpyre HauuHEe MoOO0JbIIAjy
dyHKIMje eHJ0TeNa, OJTHOCHO Aa cMame nmpoaykuujy O, (u/mimu moBehajy HeroBy pasrpalmby)
NPECTaBJbajy pallMOHATaH OCHOB 32 UCTPAXUBAHE HA CKCIIEPUMEHTATHUM MOJIEINMA, Kao U 3a
IPUMEHY KO JbYIH.

I'acuu Tpancmurep H,S je y dusmnonomkoM cMuciny ceKyHIApHH TTIACHHK, KOjU Ce CTBapa y
henmmjama cucapa y Merabonm3My amMuHOKHCeNnHE L-nimctenHa. HheroBa TOKCHYHOCT je omucaHa
jomr 1713. rommne. Ilokazano je na crumynume ATII-3aBucHe KanujymMcke KaHalle Yy
BacKyJIapHHUM TJIaTKUM MutnnhauM henujama, octBapyjyhu GyHKIIM]y €HIOTEHOT OTBapaya OBUX
KaHalla U Jiedyjyhu TpOTEKTHBHO Y MCXEMHUYHOM MHOKapJly W CENTHYKOM IMIOKY. 3HadajHe
xonuunHe H,S cTBapajy ce y Mo3ry, akTuBHOIIhy eH3uMa IucTaTHoH Oeta cuntasze (CBS), nunmn y
Kap/JMOBACKyJIAPHOM CHCTEMY U TJATKO] MYCKYJIaTypH, aKTHBHOIINY €H3WMa IMCTaTHOH rama
muasze (CSE), roe cunepructuyku ca NO M0BOAM 10 perlakcalyje IiaTke MyCKyJaType aopTe
maroBa, Ba3oJWIATallMje M XUINOTeH3Wje, Takohe genmyjyhm  aHTHOKCHIAHTHO U
anTHnpoaudepatuBHo. OB edeKTH Cy 3HAYajHH 32 O/IPKABAKHE BPEIHOCTH aPTEPH]CKOT KPBHOT
NPUTUCKA U CTPYKTYPE KPBHUX Cy/0Ba y (hu3nonomkumM rpanumnama. Cmamena npoaykiuja HoS
je JoKazaHa Yy TJIaTKOj MYCKYJaTypH CIIOHTaHO XWIIEPTEH3MBHHUX TalloBa, Kao U Y
eKCIIEPUMEHTAIIHO] XUIIEPTeH3UjH MHIyKoBaHO) OnokagoM ensuma NO cunraze. [Jedunur H,S
JOTIPUHOCH aTepPOreHe3M KOJI HEKWX IMallijeHaTa ca XurepxomouuctenneMujom. OmucaHo je aa
H,S nnxubupa omreheme cpyaHor mummha HaCTaIOr aKyTHOM aIUTMKAI[AjOM XOMOIIMCTEUHA KO
naroBa (MHTEPECAHTHO j€ Jia W jeIHa M Jpyra CyICTaHIla cajJpKe CyMIIOp) Memhajyhu akTHBHOCT
pecnupaToOpHOr JIaHIA y MUTOXOHJpHUjaMa MHOKapAa (eH3UMH: CyKIUHAT JeXUApOreHasa,
IUTOXPOM OKCHJIa3a W MaHTaH CYINEPOKCHJ IUcMyTasa). Y peryjandju aktuBHoctH H,S
yKJbyueHU cy S-aaeHo3wn L metronuH (SAM) u nupunokcan ¢ocdar (Butamun b6), koju cy
Takol)e 3Ha4ajHU peryJaTopu MeTabon3Ma XOMOIIMCTEHHA.

I'acau tpancmutep CO ce Takole eHJOTeHO CHHTETHUIIIE JISjCTBOM CIeNU(DUIHOT €H3UMa XeM
okcurenasze (HO-1), u ykipyueH je y oApikaBame CTPYKType U (YHKIHMje KapAHOBACKYJIAPHOT
CUCTEeMa, all U y MaTO(PHU3UOJOTHjU KapIAHOBACKYJIAPHUX 000Jbema, 3ajeqHo ca NO u H,S.
Cwmartpa ce 1a HO-1 nma nmo3uTuBHE yJIore y XOMEoCTa3!u KapAHOBaCKyJIapHOT cHCTeMa, MMajyhu
y BUIY MPOAYKIIH]Y aHTHOKCHUIAHTHUX W Ba30MOyJIAPHUX CYIICTAHIN KOj€ HACTAjy aKTUBAIIAjOM
oBor en3uma. OnucaHo je Aa Moayianrja Kbydnux easuma y cuare3n NO u H,S 3nauajno mema
excrpecujy HO-1 u npoaykiujy CO.

VYiora oKCHIAIMOHOT cTpeca y MaTOreHe3M MPEKO JBecTa aKyTHUX M XPOHMYHUX OojecTu
(Mehy muMa ¥ MHOTHX KapAHOBAacKyJpaHuUX 000Jbema) je 1o caaa Beh moOpo moszHata. Umak
mel)ycoOHa WHTEpaklldja OKCHIALIMOHOT CTpeca M TacHUX TpaHCMUTEpa y YCIOBUMA
XHUIEPXOMOILIMCTEHHEMHje Kao U Moryhu edekTr Ha KapAHOBACKYJApHH CHUCTEM HHCY CKOPO
YOIIIITE UCTTUTUBAHHU.



2.5. 3Ha4aj ¥ NMJb HCTPAKUBAKA

3nauaj cmyouje

Nmajyhu y Buay uUMIb€HHIlY J1a je yjora OKCHIAIMOHOT CTpeca y MaToreHe3d MpPeKo
JIBeCTa aKyTHUX M XPOHMUYHHUX Oosectu (Mel)y BHMMa M MHOTHX KapJHOBAaCKYJIpaHUX 000JbeHa)
1o caga Beh moOpo mo3HaTa, Kao u Ja 70 cajaa MeljycoOHa MHTepaKifja OKCUIAIMOHOT CTpeca U
racHUX TpaHCMHUTEpa Yy YCJIOBUMa XHUIIEPXOMOIMCTEMHEMHUJe Kao W Moryhu edektn Ha
KapJIUOBacCKyJapHU CUCTEM HHCY CKOPO YOIIIITe UCIIUTHBAHHU, OBA CTyJAHja CE MOXE CMaTpaTH
NHOHUPCKOM M Y CBETCKMM pa3Mmepama. Hamme, mpema AOCTyMHUM MOAALMMa, y HAIIOj 3€MJbU
HHje pal)eHa cauyHa CTyauja, a, MMajyhu y BUIy U cBe JeTajbe AU3ajHa, HU Y CBETY.

Luw u xunomese cmyouje

['maBHM 1MJBb WCTpaXKWBama je€ M@ C€ WCIHUTa)y e(QeKTH aKyTHe aJIMHUHHCTpaIje
XOMOIIMCTEMHA M CYIICTaHIM CPOJHUX XOMOLMCTEMHY Ha CpYaHM MuUIIMh W KOpOHapHY
[UPKYJIallijy HM30JIOBAHOT CpIia MaroBa, kao u Moryhe mexanusme nooujenux edekara. Takole,
cHelM(pUUHU [IMJbEBH HUCTPAKUBAMKbA Cy: UCHHUTATH eeKTe racHUX CUTHAIHMX Mojekyna NO,
H,S u CO, y onpxkaBawy HOpMasiHe (DYHKIMje M CTPYKTYpE KapJIMOBACKYJApHOT CHUCTEMa H
ucnuTaTu yuerhe pa3IMuuTUX MapameTapa okcuaaTuBHOT crpeca (Hutpura (NO,-), cynepokcusa
aHjoH pamukana (O,-), munuaaux nepokcuna (TBARS) um Bomonmk mnepokcuma (H,O,) Ha
KapAMOIMHAMCKE TTapaMeTpe CPUYaHOT pajia U KOPOHAPHY LUPKYIALH]y.

OcHOBHA XHIIOTE3a CTy/HWje je Ja aKyTHa arIMKalja XOMOIMCTENHA U CYTICTAaHI CPOTHUX
XOMOIIMCTEMHY, MOKE€ MMaTH INTETHO JIEJCTBO HA CpPYaHW MHUIIMN M KOPOHApHY IHMPKYIALHU]y
M30JI0BaHOT cpia marosa. Takohe, mogaTHa xumoTtesa je aa je oBaj edekar y AUPEKTHO] BE3U ca
TaCHUM TPAHCMHUTEPUMA U OKCUAALNOHUM CTPECOM.

2.6. Be3za HCTPaA’)KUBaba €ca JocajallibuM UCTPaKUBatbUMa

Y MHOTMM J0cCajallllbUM HCTPAKUBAaHkUMa Cy YTBPhHEHU MHOTOOpPOJHHM IITETHU €PEeKTH
XOMOLIMCTENHA, KOjH Cy M3Mel)y ocCTajor jacHO MOBE3aHH ca OKCHUIALIMOHUM CTPECOM, Kao U ca
,»XOMOILIMCTEMHUIIU3AIIMjOM TpoTenHa (HexesbeHo ¢(opmupame Besa wu3smehy CH rpyma
aMUHOKHCceInHa). PaHuja ucTpakuBama Cy MOKa3alia Jia je XUIepXOMOIUCTEHHEMH]ja yIpyKEeHa
ca MTETHUM peMoJIeNioBamkeM U crnabomthy cpuanor mummha (2-5). OcuM Tora, MocToje moAamnu
KOjU YKa3yjy Jla aKyTHO aljIAKOBAaHW XOMOIIMCTEHH JIOBOJM JI0 CMambeha KOHTPAKIHUje CPYAHOT
mumuha, amm W KOpOHapHE BazoAuWiaTanuje: edexkara y Kojuma He yuecTByjy NO, anm
JEIIMMUYHO YYECTBYj€ a/ICHO3MH.

C npyre ctpane, racau Tpancmutepu: NO, CO, H,S cy BepudukoBaHu Kao eHIOTEHU
Ba30JWJIATATOPU W TpPEAMET Cy aKTyeJIHMX HMHTEH3MBHUX MCTpakuBama. IbuxoBa ymora y
KapJIMOBACKyJIapHOM CHCTeMYy j€ JAC(UHUTHUBHO TOTBphHeHa Kao MONHHX Ba30aKTUBHUX
cyncrannu. Mehytum, HEKO 10 caja HUje MOKyhao 1a ycrmocTaBu Kopesiamnujy u3mehy ydemrha
OBHX MEMjaTopa y BaCKyJIapHUM e(heKTHMa XOMOIIMCTENHA U HeTOBUX METa00INTa, @ IOTOTOBY
HE J1a X J0BEJIe Y KOpeNalujy ca OKCHIAIMOHUM CTPECOM.

2.7. MeToje UCTPAKUBAHA

Bpcma cmyouje
ExkcniepumenTanna cryamja



Excnepumenmanna nonyiayuja

[Tnanupano ucrpaxkuBame 6u ooyxBaTmio 240 manosa (Bucrap anbunHo €0j, MyIIKH 10T,
crapoctu 8 Hemesba, TenecHe Mace 250+50T) kojuma OM ce M30JI0BAIO cplie U mepdhyHI0BAIIO
MeTosioM petporpanHe nepdysuje no Jlanrenmopdy (Langendorff apparatus, Experimetria Ltd,
1062 Budapest, Hungary) mpu KOHCTaHTHOM KOpPOHapHOM Tep(py3uoOHOM MPHUTHCKY on 70
cmH,0O. CBe excniepuMenTanHe mpouenype he ce paagutu y ckiany ca nponucanum aktuma (EU
Directive for the Protection of the Vertebrate Animals used for Experimental and other Scientific
Purposes 86/609/EEC) u npuHIMNMa €THYHOCTH.

ExcniepyuMeHTaiHM TPOTOKON je omoOpeH onx crpaHe ETtmukor ombopa 3a mo0poOuT
eKCIIepUMEHTATHUX KuBoTUba Dakynrera MenumuHckux Hayka YuuBep3utera y Kparyjesiy.

Mamepujan u memooe

UctpaxuBame he Outm moaespeHo y miecHaecT (16) ekcmepuMeHTtamHux rpyma (15
KUBOTHIA y Tpymnu): 1) xoHTponHa rpyna (nmepdysuja komriekcHuM Krebs-Hensenleit-oBum
busnoIomKUM pasTBOpoM), 2) ammukanuja DL-xomommcrenna (10pmol/l), 3) amnukamuja DL-
XOMOIIMCTEUH THOJAKTOH xuapoxiopuaa (10umol/l), 4) annukanuja L-XxOMOIMCTENH THOIAKTOH
xuapoxsopuna (10pumol/l), 5) ammmkamuja N(®)-aHutpo-L-apruaun Metun ectpa (L-NAME)
(30umol/l), 6) ammukamuja umHKIpoTonopdupuna IX (10umol/l), 7) ammukamumja DL-
nponapruiriunuHa (10umol/l), 8) ko-amumkaruja DL-xomonucrenna (10umol/l) uryc L-NAME
(30umol/l), 9) xo-arnukamnuja DL-xomouunctenna (10umol/l) mnyc nmaknporomopdupuna IX
(10pmol/l), 10) ko-ammukanuja DL-xomouumcrenna (10umol/l) mnyc DL-npomaprunriunmna
(10umol/1), 11) ko-arummkanuja DL-xomormuctenn TronakToH xuapoxiopuaa (10pmol/l) mryc L-
NAME (30umol/l), 12) xo-amnukarmja DL-xoMoIricTenH THosIakToH Xuapoxiaopuaa (10pumol/l)
wryc muaKnpoTtonopbupura IX (10umol/l), 13) ko-ammmkanuja DL-xoMomucTenH THOJIAKTOH
xuapoxiopuaa (10umol/l) mmyc DL-nponaprunrmunumna (10pumol/l), 14) ko-amnukanumja L-
XoMonucTenH TuosakToH xuapoxijopuaa (10umol/l) mryc L-NAME (30umol/l), 15) xo-
aruikaiyja L-xoMonucrenn THOJIaKTOH xuapoxiaopuaa (10umol/l) mryc nuHKnpoTonopduprHa
IX (10pumol/l), 16) xo-ammkanuja L-xomonucTenH tnonakTon xuapoxyuopuaa (10umol/l) mmyc
DL-nponaprunrnunuaa (10umol/l)

Bpennoct kopoHapHor TmpoToka Ou ce oapehuBama ¢oymerpujcku. Hakon
yCIIOCTaBJbakba CTAOMIHOT CPYaHOT paja, YKIamameM JIeBe IPETKOMOpEe M MPOKUAABEM
MHUTpaiHe BaiByjJe omoryhuno Ou ce ybOaumBame ceHzopa (transducer BS4 73-0184,
Experimetria Ltd, Budapest, Hungary) y neBy KoMoOpy paau AMPEKTHOT W KOHTHHYHUPAHOT
npahema mapamerapa ¢yHKIHje jgeBe komope: a) dp/dt max - MakcHMMajHa CTONa MPOMEHE
MIPUTHCKA Yy JIEBOj KoMOopH, 0) dp/dt min - MEHIMAaITHA CTOTIA POMEHE MPUTHUCKA Y JIEBOj] KOMOPH,
B) SLVP - cucromnu npurucak nese komope, r) DLVP - aujactonnu mputucak iese komope, 1))
HR - cpuana ¢ppexsenna u ¢) MBP - cpenmpu nepdy3noHu npuTHCaK.

UcnutuBane cyncranie he ce arummkoBaTH KOHTUHYHPAHOM Tepdy3ujoM (MHHHUMAIIHO S5
MHUH) JIOK C€ HE TIOCTHUTHE CTaOWJIHM KOPOHApHU MPOTOK. Y NPUKYIUBEHUM Y30pIHMa
KOPOHApHOT BEHCKOT e(yeHTa creKTpodoTOMETpHjcKUM MeToaama he ce oapehuBatu crneaehu
napaMeTpu OKCHJAIMOHOT CTpeca: MHIEKC JIMMUAHE NepoKkcuaanyje — mepeH kao TBARS, azot
mMoHokcuz y ¢opmu mHurpura (NOy'), cynepokcun anjoH pagukan (O;) U BOJAOHUK HEPOKCHU]L
(H20,).



2.8. OyexkuBaHu pe3yJITATH JOKTOPCKe QMcepTalje

Ouexkyje ce na he, mocie 0BUX UCTpaKMBamba U aHaIM3a, MONH /1a ce U3BEAY 3aKJbYUIH O
O0ojbeM carnefaBamby edexkara XOMOLMCTEHMHAa M CYICTaHIM CPOJHHX XOMOIIMCTEHHY Ha
KapJMOBAaCKyJIapHU CYyCTeM, IITO MOXe OWUTH O]l MHTepeca uMmajyhu y BuIy (QU3HMOJIOMIKK U
KIMHAYKA 3Ha4ya] XOMOIMCTeWHa. Y N0OHMjeHHM oaroBopuma he ce MpOLEeHUTH JIOTPUHOC
racHUX, CHJIOTEHO CHUHTeTHCaHuX curHaaHux mojekyina NO, H,S u CO, kao u mojenuHux
napaMeTrapa OKCHJIAI[MOHOI CTpeca, OJHOCHO YTBPJIUTH HUXOB 3Haya] y KapJUOBaCKYJIapHO]
XOMEOCTa3H.
2.9. OkBUpHH caap:kaj Aucepranuje

TokoM mpeTxomHE YETHUPU JCLEHHUje, UCTpaKMBamba CHPOBEIACHA INUPOM CBETa CY
yrBpawia na xomorcrenH (Hcy), ceMu-eceHIMjaiHa aMHHOKHCENIMHA, MPEICTaB/ba HOB
NOTEHTaH U He3aBUCcaH (hakTop pHu3MKa 3a aTepockieposy. C apyre cTpaHe, MEXaHU3aM HETrOBOT
JIejCTBa y KapIHMOBACKYyJApHOM CHCTEMY HHUje A0 cajJa MNpeuu3Ho pasjammeH. Ha ocHOBY
MO3HATHUX YJIOra CBHX TaCHUX TPAHCMUTEpPa y KapJHOBACKYJIAPHOM CUCTEMY, KaO U JbUXOBHUX
0OYHMX Be3a ca MeTabOJIM3MOM XOMOIIMCTEHWHA, OUI0 OM O]l HEMPOIESHUBOT 3HAYaja OIPEIUTH
KOJU OJ OBHX TpaHCMHUTEpa HMa HaJBAXHH]Y VYIJIOTY Vy KapIHUOBACKyJIapHUM e(deKTHMa
XOMOIIMCTENHA W HEroBUX MeTabosmTa. Takohe, OKCHIAIMOHHN CTPEC je BPJIO CIOKEH MEXaHHU-
3aM TPOOKCHAATUBHE H AHTHOKCHJATHUBHE HHTEpPAKIMje KOjU pE3yJITHpa IPeBarom
MIPOOKCUIAHTHOT CHCTEMa ca CJIeICTBEeHUM olrTehemeM U TUCHYHKIIMjOM OHOJIOMKUX CTPYKTY-

pa.

[Husp oBe crynuje je ma ce yrBpau MelycoOHa WMHTEpakiMja OKCHIIAIMOHOT CTpeca U
racHUX TpaHCMHUTEpa Yy YCIOBUMa XHUIIEPXOMOIMCTEMHEMHUJe Kao W Moryhu edektd Ha
KapIUOBaCKyJIapHU CUCTEM.

2.10. IIpenJior meHTOpa

3a mentopa ce mpemnaxe Ilpod. np Buaagummp Jakos/beBuh, Banpemnnu mpodecop
QdakynTeTa MEAMLIMHCKAX Hayka YHuBep3utera y KparyjeBimy 3a yxXy HayuHy oOmjact
dapmakoJIoTHja U TOKCUKOJIOTH]a, 0K ce 3a komeHTopa npemiaxke [Ipod. ap JAparan Bypuh,
penoBuu npodecop MenunuHckor ¢akynrera YHuBep3urera y beorpany 3a yxy HayuHy 001acT
duznonoruja

2.11. Hay4yna o6sact qucepramnuje
MenunuHa. Yxa obnact: dusnonoruja.
2.12. Hay4yHa 00J1acT 4JIaHOBA KOMHCHje

1. IMpod. np Naranjan Dhalla, npencennux, penoBHu mnpodecop, HWHcTUTYT 3a

KapJMOBacKyJlapHa HWCTpakuBama, HMHCTUTYT 3a ¢dusmonornjy, MeaunuHcku (daxynrer,

Bununer, Kanaga

2. Mpod. np HAparan Dypuh, unan, pemnoBHu mnpodecop MeaunuHCKOr QaKyaTeTa

VYuuep3utera y beorpany 3a yxxy HayuHny o6iact ®usnomnoruja,

3. Mpod. np Olga Pechanova, unman, pegoBHu mpodecop, MHCTUTYT 3a HOpPMamHy u
natonomky ¢usmnonorujy, CnoBauka Akanemuja Hayka, bparucnasa

4. IIpo¢. np I'Bo3nen Pocuh, unan, penoBHu mpocdecop Daxynrera MEIUIIMHCKHX HayKa
VYuusepsurera y Kparyjesiyy 3a yxxy Hayuny obnact ®uznonoryja,

5. Tpo¢. ap Baagumup JakossbeBuh, unan, Banpenanu npodecop Pakynrera METUITTHCKUX
Hayka YHuBep3utera y Kparyjesity 3a yxy HayuHy obnact ®usnonoruja.



3ak/by4ak U NMpeasIor KOMHCHje

1. Ha ocHOBy yBHIAa y pe3yiraTe J0OCaJalllbeé HAYYHO-UCTPAKUBAYKE aAKTHBHOCTU W
nyOnukoBane panose Jp Biaanumupa )KuskoBruha komucHja 3akibydyje 1a KaauaaT Moceayje
oaroeapajyhe KOMIETEHIIMje U J1a UCIyHaBa CBE YCJOBE Ja MPUCTYIH HU3PaJH JOKTOPCKE
JcepTalmje.

2. TlpemnokeHa TeMa je Hay4yHO ONpaBIaHa, IU3ajH UCTPAXKHMBAKA j€ MPELH3HO TOCTAB/bEH U
nepUHUCaH, METOI0JIOTH]a je jacHa. Paau ce 0 OpUrHHAIHOM Hay4YHOM JIeNy KOje MMa 3a IUJb
Ja pa3BHje HOB MPHUCTYN H3y4yaBamy edekaTa XOMOIMCTEHMHA K CYICTAHIM CPOIHUX
XOMOIIUCTEUHY Y KapIUOBACKYJIAPHOM CHCTEMY .

3. Kowmmucuja cmatpa na he npeanoxena goktopcka te3a Jp Bmaaumupa JKuskoBuha 6ut ox
BEJIMKOT HAay4YHOT M MPaKTHYHOI 3Hayaja y CMHUCIy TyMauema edekara XOMOIMCTEMHA U
CYIICTaHIM CPOAHMX XOMOIIMCTEUHY Y KapJAHOBAaCKyJapHOM CHUCTEMY, Ca IIOCEOHUM OCBPTOM
HAa YJIOTY F'AaCHUX TPAHCMUTEPA U OKCHJALMOHOT CTpeca.

4. Kommcuja mpemnaxe HactaBHo-HayyHom Behy Dakynrera MeAMIMHCKHX HaykKa Yy
KparyjeBily na mpuxBaTu mpHjaBy TeMe JOKTOpCKe aucepTanuje kanauaata [p Bragumupa
JXKuskoBuha nox Ha3suBoM ,,EpekTH XOMOLMCTEHHA M CYNICTAHIA CPOJHUX XOMOLMCTEHHY
HA KapAHOAMHAMMKY M KOPOHAPHHM NPOTOK HM30J10BAHOI CpLa NAN0Ba: YyJIOra racHHUX
TPAHCMHTEPA U OKCHAALMOHOT cTpeca’ 1 0100pH HEeHy U3pany.

IIpo¢. ap Naranjan Dhalla, npeacennuk, penoBau npodecop, MHCTUTYT 3a KapAHMOBacKyJIapHa
ucTpaxuBama, MHCTHTYT 3a Pusnonorujy, Menununacku dakynrer, Bununer, Kanana

Ipod. ap Aparan Bypuh, unan, penosau npodecop MeaunuHckor dakynrera
Yuusepsurera y beorpany 3a yxy Hay4uHy oOnact @usmnosnoruja

IIpod. ap Olga Pechanova, wian, penoBuu nmpodecop, MHCTUTYT 32 HOpMaATHY W ATOJIOIIKY
¢usnonorujy, Ciosauka Axanemuja Hayka, bpatucnasa

IIpod. ap I'bo3nen Pocuh, uwian, penosau npodecop dakynrera METUITUTHCKUX HAyKa
VYuusepsurera y Kparyjesiyy 3a yxxy Hayuny obnact ®usnosnoruja

Mpod¢. ap Baagumup JakosibeBuh, wian, Banpeanu npodecop Paxynrera MEAUIUHCKUAX
Hayka YHuBep3utera y KparyjeBity 3a yxy Hay4yHy o6nact dusmnosnoruja

VY Kparyjesiy, 18. 01. 2013.



UNIVERSITY OF KRAGUJEVAC
FACULTY OF MEDICAL SCIENCES
KRAGUJEVAC

1. Decision of the Faculty Board

In accordance with the decision No 01-10274/3-4 of 28 November 2012 made by the
Board for Teaching and Research of the Faculty of Medical Sciences of the University of
Kragujevac the Evaluation Committee undertaking the approval and assessment of candidate
MD Vladimir Zivkovié’s PhD thesis entittled

“EFFECTS OF HOMOCYSTEINE AND HOMOCYSTEINE-RELATED
COMPOUNDS ON CARDIODYNAMICS AND CORONARY FLOW IN ISOLATED

RAT HEART: THE ROLE OF GASOTRANSMITTERS AND OXIDATIVE STRESS”
has been appointed and consists of the following members:

1. Prof. Naranjan S. Dhalla, PhD, Chairman, Distinguished Professor, Institute of
Cardiovascular Sciences, St. Boniface General Hospital Research Centre, Faculty of
Medicine, Winnipeg, Canada

2. Prof. Dragan Puri¢, MD, PhD, member, Full Professor of Physiology, School of
Medicine, University of Belgrade

3. RNDr Olga Pechanova, DSc., member, Full Professor, Institute of Normal and
Pathological Physiology, Slovak Academy of Sciences, Bratislava

4. Prof. Gvozden Rosi¢, MD, PhD, member, Full Professor of Physiology, Faculty of
Medical Sciences, University of Kragujevac

5. Prof. Vladimir Jakovljevi¢, MD, PhD, member, Associate Professor of Physiology,

Faculty of Medical Sciences, University of Kragujevac

2. The Report on the Dissertation

2.1.  Short Biography of the Candidate

Vladimir Zivkovi¢, MD, was born 26 December 1984 in Kragujevac. He finished primary
school "Mirko Jovanovi¢" as a holder of the special diploma "Vuk Karadzi¢" and High School
“Prva kragujevacka gimnazija”. He enrolled in the Faculty of Medicine in Kragujevac in
2003, and graduated from the Faculty on 23 July 2010 with GPA of 8.65. During his study,
since 2005 he has been involved in scientific research in the laboratory of Physiology, of the
Faculty of Medicine in Kragujevac, conducted by PhD Vladimir Jakovljevi¢. Beginning 2009
he participated in the teaching process, especially in the degree program in Pharmacy. Since



December 2010 he has worked as a Teaching Assistant for the scientific field of Physiology at
all degree programs at the Faculty of Medical Sciences, University of Kragujevac. He
participated in many scientific conferences at home and abroad. He was awarded for the best
paper presented at the session of Physiology at 48th Congress of students of Medicine,
Dentistry and Pharmacy, Kopaonik 2007. He also received Young Investigator & Travel
Award attending the Winnipeg Heart International Conference, Winnipeg, Canada, 12-15
October 2011. He participates in the project EFFECTS OF HOMOCYSTEINE AND
HOMOCYSTEINE-RELATED COMPOUNDS ON CARDIOVASCULAR SYSTEM:
THE ROLE OF GASOTRANSMITTERS (NO, CO and H,S) (Grant Ol 175043)
supported by the Ministry of Education, Science and Technological Development of the
Republic of Serbia in the field of basic research, and in the project EFFECT OF RENIN
AND PRORENIN RECEPTOR INHIBITION ON CARDIOVASCULAR SYSTEM
WITH EMPHASIS ON GASOTRANSMITTERS (Code: 680-00-140/2012-09/07). Within
the last mentioned project he has been granted a scholarship for a 6-month study at the
Institute of Normal and Pathological Physiology, Slovak Academy of Sciences, which is
supposed to begin 1 February 2013 and provided by the Slovak government. Vladimir
Zivkovi¢ is a Ill-year doctoral student, majoring Experimental and Applied Physiology and
Sports Medicine. He passed all the examinations prescribed for the first two years of doctoral
studies with GPA 8.60, and doctoral oral exam with a score of 10 (ten). He is fluent in
English, has some knowledge of French and is computer-literate. He has published 48 units,

12 of which were full-length papers published in journals on SCI Journal List.

2.2.  Title, subject and hypothesis of the doctoral dissertation

Title: "The Effects of homocysteine and homocysteine-related compounds on cardiodynamics
and coronary flow in isolated rat heart: the role of gasotransmitters and oxidative stress"
Subject: Evaluation of the effects of acute administration of homocysteine and homocysteine-
related compounds on the cardiac muscle and coronary circulation of the isolated rat heart,
and the possible mechanisms of the effects obtained

Hypothesis: The study investigates the hypothesis that acute application of homocysteine and
homocysteine-related compounds can have deleterious effect on the myocardium and
coronary circulation in the isolated rat heart. In addition, another hypothesis is that the effect

is directly related to the gasotransmitters and oxidative stress.



2.3.  Eligibility for doctoral candidacy
The candidate has published a full-length paper in a journal in the CC/SCI Journal List, as a
first author, which meets the requirements for submission of a doctoral dissertation:
Zivkovié V, Jakovljevi¢ V, Pordevi¢ D, Vuletic M, Barudzi¢ N, Puri¢ D. The effects of
homocysteine-related compounds on cardiac contractility, coronary flow, and oxidative stress
markers in isolated rat heart. Mol Cell Biochem 2012 Nov; 370(1-2): 59-67.

2.4. Research overview

For a long time, it was believed that hyperhomocysteinemia was an independent risk
factor for atherosclerosis. However, it has not been proven with certainty in many clinical
trials. At the same time numerous harmful effects of homocysteine have been identified,
which are, among other things, clearly associated with oxidative stress, as well as “protein
homocysteinylation (unwanted bond formation between CH groups of amino acids).
Previous studies have shown that hyperhomocysteinemia is associated with adverse cardiac
remodeling and heart muscle weakness. In addition, some data suggest that acutely
administered homocysteine produces a decrease of cardiac contractility and coronary
vasodilation — the effects without participation of NO, but with partial participation of
adenosine.

The gasotransmitter NO (a product of L-arginine) is known as a second messenger in
many homeostatic processes, but, among other things, it is associated with endocardial
endothelial dysfunction which occurs due to the effects of risk factors (including
homocysteine), but also as a result of imbalance between the production and degradation of
NO and O,". Therapeutic strategies that will increase production of NO (and/or reduce its
degradation), and otherwise improve endothelial function and reduce the production of O,
(and/or increase its degradation) provide a rational basis for research using experimental
models, as well as for use in humans.

Physiologically, the gasotransmitter H,S is a second messenger which is produced in
mammalian cells by the metabolism of L-cysteine. Its toxicity was discussed even in 1713. It
has been shown to stimulate the ATP-sensitive potassium channels in vascular smooth
muscle cells, acting as an endogenous opener of these channels and exerting cardioprotective
effects in myocardial ischemia and septic shock. Significant amounts of H,S are produced in
the brain by cystathionine beta-synthase (CBS), or in the cardiovascular system and smooth

muscles by cystathionine gamma-lyase (CSE), which synergistically with NO induces



relaxation in rat aorta smooth muscle, vasodilation and hypotension, along with antioxidant
and antiproliferative effects. These effects are important for the maintenance of normal
arterial blood pressure and vascular structure. Reduction of H,S was detected in the smooth
muscles of spontaneously hypertensive rats and in experimental hypertension induced by
blockade of NO synthase. Deficit in H,S levels contributes to atherogenesis in some patients
with hyperhomocysteinemia. H,S was found to prevent damage to the heart muscle resulting
from acute homocysteine administration in rats (Interestingly enough, both substances
contain sulphur.) by changing the activity of mitochondrial respiratory chain (enzymes:
succinate dehydrogenase, cytochrome oxidase, and manganese superoxide dismutase).
Activity of H,S is regulated by S-adenosyl-L-methionine (SAM) and pyridoxal phosphate
(vitamin B6), which are also important regulators of homocysteine metabolism.

The gasotransmitter CO is endogenously synthesized using the enzyme heme
oxygenase-1 (HO-1), and is involved in maintaining the structure and function of the
cardiovascular system, and also in the pathophysiology of cardiovascular diseases, together
with NO and H,S. It is believed that HO-1 has a positive role in the homeostasis of the
cardiovascular system, i.e. production of antioxidants and vaso-modular substances generated
by this enzyme. Modulation of key enzymes in the synthesis of NO and H,S significantly
changes HO-1 expression and CO production.

The role of oxidative stress in the pathogenesis of more than 200 of acute and chronic
diseases (including many cardiovascular diseases) is by now well known. However, mutual
interactions between oxidative stress and gasotransmitters in hyperhomocysteinemia, as well
as the possible effects on the cardiovascular system, have not yet been thoroughly

investigated.

2.5.  Significance and Purpose of Research
The significance of the study

Bearing in mind that the role of oxidative stress in the pathogenesis of more than 200
of acute and chronic diseases (including many cardiovascular diseases) is by now well
known, and that interactions between oxidative stress and gasotransmitters in
hyperhomocysteinemia and the possible effects on the cardiovascular system have almost not
been investigated, this study can be considered a pioneering work worldwide. According to
available data, no similar study has been conducted either in our country or, taking into

account all the details of the design — in the world.



Obijectives and hypotheses of the study

The main objective of the research is to investigate the effects of acute administration
of homocysteine and homocysteine-related compounds on cardiac muscle and coronary
circulation in isolated rat heart, and the possible mechanisms of the effects obtained. Also,
the specific aims of this study are: to examine the effects of gaseous signaling molecules —
NO, H,S and CO — in the maintenance of normal function and structure of the cardiovascular
system and to examine the effects of different parameters of oxidative stress (nitrite (NOy),
superoxide anion radical (O), lipid peroxides (TBARS) and hydrogen peroxide (H,O,) on

cardiodynamic parameters of the heart rate and coronary circulation.
The main hypothesis of the study is that acute application of homocysteine and
homocysteine-related compounds can have harmful effects on the heart muscle and coronary
circulation in isolated rat heart. Besides, there is an additional hypothesis that this effect is

directly related to the gasotransmitters and oxidative stress.

2.6. Relationship to previous research

Numerous studies have identified a vast array of harmful effects of homocysteine, which
are, among other things, clearly associated with oxidative stress, as well as with "protein
homocysteinylation” (unwanted bond formation between CH groups of amino acids).
Previous studies have shown that hyperhomocysteinemia is associated with adverse cardiac
remodeling and heart muscle weakness. In addition, some data suggest that acutely
administered homocysteine produces a decrease of cardiac contractility and coronary
vasodilation — the effects without participation of NO, but with partial participation of
adenosine.

On the other hand, gasotransmitters NO, CO, and H,S have been confirmed endogenous
mediators to exert vasodilator effects and are currently subject to intensive research. They
appear to be powerful vasoactive substances in the cardiovascular system. However, no
attempt has been made to establish a correlation between the role of these mediators in the
vascular effects of homocysteine and its metabolites, let alone the correlation with oxidative

stress.

2.7.  Research methods
Type of study
Experimental study



Experimental Population

The research will be conducted on 240 rats (male Wistar-Albino rats 8 weeks old,
weighing 250+50g) whose hearts will be perfused according to the Langendorff retrograde
perfusion technique (Langendorff apparatus, Experimetria Ltd., 1062 Budapest, Hungary) at
constant coronary perfusion pressure of 70 cmH,O. All experimental procedures will be
performed in accordance with prescribed standards (Directive for the Protection of
Vertebrate Animals used for Experimental and other Scientific Purposes (86/609/EEC)
and ethical principles.

The experimental protocol was approved by the Ethics Committee for the welfare of
experimental animals of the Faculty of Medical Sciences, University of Kragujevac.

Materials and Methods

The animals will be divided into sixteen (16) experimental groups (15 animals per
group): 1) control group (perfusion with Krebs-Hensenleit saline), 2) application of DL-
Homocysteine (10umol/l), 3) application of DL-Homocysteine thiolactone hydrochloride
(10umol/l), 4) application of L-Homocysteine thiolactone-hydrochloride (10umol/l), 5)
application of Nw-nitro-L-arginine methyl ester (L-NAME) (30umol/l), 6) application of Zinc
protoporphyrin 1X (10umol/l), 7) application of DL-Propargylglycine (10umol/l), 8) co-
application of DL-Homocysteine (10umol/l) plus L-NAME (30umol/l), 9) co-application of
DL -Homocysteine (10umol/l) plus Zinc protoporphyrin 1X (10umol/l), 10) co-application of
DL-Homocysteine (10umol/l) plus DL-Propargylglycine (10umol/l), 11) co-application of
DL-Homocysteine thiolactone hydrochloride (10umol/l) plus L-NAME (30umol/l), 12) co-
application of DL-Homocysteine  thiolactone hydrochloride (10umol/l) plus Zinc
protoporphyrin  IX (10umol/l), 13) co- application of DL-Homocysteine thiolactone
hydrochloride (10umol/l) plus DL-Propargylglycine (10umol/l), 14) co-application of L-
Homocysteine thiolactone hydrochloride (10umol/l) plus I-NAME (30umol/l), 15) co-
application of L-Homocysteine thiolactone hydrochloride (10umol/l) plus Zinc
protoporphyrin  IX (10umol/l), 16) co-application of L-Homocysteine thiolactone
hydrochloride (10umol/Il) plus DL-Propargylglycine (10umol/l).

The coronary flow will be measured by flowmetry. After establishing the stability of
the heart rate, removal of the left atrium and penetration through the mitral valve will allow
the sensor (transducer BS4 73-0184, Experimetria Ltd., Budapest, Hungary) to be positioned

in the left ventricle for direct and continuous monitoring of parameters related to the left



ventricular function: a) dp/dt max — the maximum rate of change in left ventricular pressure,
b) dp/dt min — the minimum rate of change in left ventricular pressure, v) SLVP — systolic
left ventricular pressure, g) DLVP — diastolic left ventricular pressure, f) HR — heart rate,
and e) the MBP — mean blood pressure.

Test substances will be applied using continuous perfusion (minimum 5 min) until
steady coronary flow has been achieved. Samples of the coronary venous effluent will be
used to determine the following parameters of oxidative stress using spectrophotometric
methods: index of lipid peroxidation measured as TBARS, nitric oxide in the form of nitrite

(NOy), superoxide anion radical (O;") and hydrogen peroxide (H,0,).

2.8.  Expected results

After this research it is expected to provide a better understanding of the effects of
homocysteine and homocysteine-related compounds on the cardiovascular system, which
may be of interest given the physiological and clinical significance of homocysteine. The
outcomes will provide the assessment of contribution of endogenously synthesized gaseous
signaling molecules — NO, CO and H,S, and some parameters of oxidative stress, and will

help to determine their role in cardiovascular homeostasis.

2.9. Basic Dissertation Structure

Over the past four decades, researches conducted around the world have found that
homocysteine (Hcy), a semi-essential amino acid, is a novel and independent risk factor for
atherosclerosis. On the other hand, the mechanism of its activity in the cardiovascular system
has not been fully elucidated. Based on the known role of gaseous transmitters in the
cardiovascular system, and their inverse relationship with homocysteine metabolism, it would
be of utmost importance to determine which of these transmitters has the most important role
in cardiovascular effects of homocysteine and its metabolites. Besides, oxidative stress is a
very complex mechanism of pro-oxidative and antioxidative interaction resulting in
predominance of pro-oxidative effects and, consequently, damage and dysfunction of
biological structures.

The objective of this study is to determine mutual interactions between oxidative
stress and gasotransmitters in hyperhomocysteinemia, as well as the possible effects on the

cardiovascular system.



2.10. Proposed Dissertation Supervisor

PhD Vladimir Jakovljevié¢, Associate Professor in the field of Physiology, Faculty of

Medical Sciences, University of Kragujevac, is the proposed dissertation supervisor and PhD

Dragan buri¢, Full Professor in the field of Physiology, Faculty of Medicine, University of

Belgrade, is a proposed co-supervisor.

2.11. Scope of Doctoral Dissertation

Medicine. Area of Expertise: Physiology

2.12. Evaluation Committee — Areas of Expertise

1.

Prof. Naranjan S. Dhalla, PhD, Chairman, Distinguished Professor, Institute of
Cardiovascular Sciences, St. Boniface General Hospital Research Centre, Faculty of
Medicine, Winnipeg, Canada

Prof. Dragan Puri¢, MD, PhD, member, Full Professor of Physiology, School of
Medicine, University of Belgrade

RNDr Olga Pechanova, DSc., member, Full Professor, Institute of Normal and
Pathological Physiology, Slovak Academy of Sciences, Bratislava

Prof. Gvozden Rosi¢, MD, PhD, member, Full Professor of Physiology, Faculty of
Medical Sciences, University of Kragujevac

Prof. Vladimir Jakovljevi¢, MD, PhD, member, Associate Professor of Physiology,
Faculty of Medical Sciences, University of Kragujevac



Conclusions of the Evaluation Committee

1. On the basis of the results of research conducted so far and published papers, the Committee
concludes that candidate Vladimir Zivkovi¢, MD, has shown the appropriate competence in
scholarly exposition and meets the requirements to prepare the doctoral dissertation.

2. The doctoral dissertation proposal is scientifically well justified and clearly outlined, the
investigation is well-organized, and the proposed methodology is clear. It is original scientific
research which aims to develop a new approach to the investigation of the effects of
homocysteine and homocysteine-related substances in the cardiovascular system.

3. The Committee believes that the dissertation of candidate Vladimir Zivkovié, MD, will be of
great scientific and practical importance regarding the effects of homocysteine and
homocysteine-related substances in the cardiovascular system, with the special emphasis on
the role of gasotransmitters and oxidative stress.

4. The Committee recommends that the Board for Teaching and Research of the Faculty of
Medical Sciences in Kragujevac accept the doctoral dissertation proposal of the candidate
candidate Vladimir Zivkovi¢, MD, entittled EFFECTS OF HOMOCYSTEINE AND
HOMOCYSTEINE-RELATED COMPOUNDS ON CARDIODYNAMICS AND
CORONARY FLOW IN ISOLATED RAT HEART: THE ROLE OF
GASOTRANSMITTERS AND OXIDATIVE STRESS and approved its realisation.

Prof. Naranjan S. Dhalla, PhD, Chairman, Distinguished Professor, Institute of Cardiovascular
Sciences, St. Boniface General Hospital Research Centre, Faculty of Medicine, Winnipeg, Canada

Prof. Dragan Puri¢, MD, PhD, member, Full Professor of Physiology, School of Medicine,
University of Belgrade

RNDr Olga Pechanova, DSc., member, Full Professor, Institute of Normal and Pathological
Physiology, Slovak Academy of Sciences, Bratislava

Prof. Gvozden Rosié¢, MD, PhD, member, Full Professor of Physiology, Faculty of Medical
Sciences, University of Kragujevac

Prof. Vladimir Jakovljevi¢, MD, PhD, member, Associate Professor of Physiology, Faculty of
Medical Sciences, University of Kragujevac

Kragujevac, January 18", 2013



