YHUBEP3UTET ¥V KPAT'YJEBIIY
OAKVIITET MEJUITMHCKUX HAYKA
KPAT'YJEBAILL

1. Onnyka HacraBHo-HayuyHor Beha

Onmnyxkom HacraBHo-Hayuynor Beha ®akynrera MEAMIMHCKUMX Hayka YHHUBEp3UTETa y
Kparyjesiy, 6poj 01-12526/3-3, ox 27. 11. 2013. roguHe, UMCHOBaHU Cy YWIAHOBU KOMHCH]jE 32
OLICHy Hay4YHE 3aCHOBAHOCTH TeMe JOKTOopcke mucepranuje kanaunara [p [lerpa Pucruha, mon
Ha3UBOM:

» YTHIIA] CeJIEKTUBHE 0JI0KA/Ie eJIeMeHATAa TKMBHOI PEeHUH AHTMOTEH3HUH aJI/1e0CTEPOH
CHCTeMa HA M30JI0BAHO CpIle MaoBa y XeMujcku nzazpanom Diabetes mellitus-y*

UnaHOBH KOMHUCH]E CY:

1. npo¢. np Mmuoapar Jlykuh, npodecop emepuryc Yuusep3urera y KparyjeBuy 3a yxy
HAy4HY 00;1acT MUKpPOOHO0JIOTHja M MMYHOJIOTHja, PeCeAHUK

2. HC Bepuna Muiomesuh, Hayynum caBethuk WBU ,,Cuaunma CrankoBuh*
Yuusep3urera y beorpany, 4ian

3. npod. ap Bragumup Jakossesuh, Banpenuu npogpecop Pakynrera MeIMIIHHCKUX HAYKA
Yuusep3urera y Kparyjesuy 3a y:xxy Hayuny od;act ®@u3H0/10r4ja, YwiaH

4. mpo¢p. ap Baagumup IITpdak, pemnoBum mnpodecop Meannmuckor daxKyarera
Yuusep3urera y bpatuciaasu 3a y:xky Hayuny o0aact IlaTosomka ¢pusmnosioruja, yian

5. mpo¢. ap Ouara IlexanoBa, penoBHu npogecop, MHCTUTYT 32 HOPMAJIHY M NATOJOLIKY
¢usunonorujy, Cropauka akagemmja Hayka, bparuciasa, 4ian

2. U3BemiTaj KoMHuCHje 0 NOZ00HOCTH TeMe

2.1. Kparka 6uorpaduja kanauaara

Jp Ilerap Puctuh je pohen 16. 06. 1971. romune y beorpamy. Jlumiomupao je Ha
MenunuHckoM ¢akynrety YHuBep3utera y beorpamy 1997. romune. Cneuwjanuzauujy u3
Nurtepne menunuue 3appmmo 2002. rox, a cyOcnenujanu3anujy u3 enaokpunosoruje 2007. rom.
Cranno je 3anocnen npu MunucrapctBy ondpane y BojHomenununckoj Axkanemuju oz 2002.
roauHe. Paayu kao eHIOKPUHOIIOT ca MoCTaBbemheM HauenHuka eHJIOKPUHOJIOIIKOI KabuHeTa y
Hujarnoctruko-Ilonmukmuanukom Llentpy BMA. [Ip Iletap Puctuh je mpodecronanHo BojHO
mure on 2002. ronuHe, TpeHYTHO y 9iHY Majopa. [Toxahao je mkomy moOpe KIMHUYKE Tpakce U
crekao GCP ceptudukar 2012. rogune. Yuecnukje knmuandke cryamje NN 1250-3944

YCcMeHH TOKTOPCKH UCTIHT Ha mpeaMeTy KimmHuYKa U eKcriepruMeHTalTHa MHTePHA METUIIHA
nojoxuo je y mapry 2011 roaune Ha PakynTeTy MEIMIMHCKUX HayKa YHHBEp3UTETa Y
Kparyjesiy.

["oBOpH €HITIECKH je3UK U MO03Haje pajJl Ha pauyyHapuMa



2.2.HacJioB, IpeiMeT U XUIOTe3a JOKTOPCKe AuUcepTanuje

HacaoB: ,YTumaj cenekTuBHE OJiOKaje ejieMeHaTa TKUBHOI PEHUH aHTMOTCH3HMH
AJIJICOCTEPOH CUCTEMA Ha W30JI0BAHO CpIie MaIoBa y xeMujcku u3azpanom Diabetes mellitus-y*

Ipeamer: YTBphuBame u3MeHa y (GpyHKIUjH MUOKapAa U KOPOHAPHOT MPOTOKA HACTAIHX Y
AHMMAaJTHOM MOJIeTTy ThjabeTHYHe KapAuOMHOIIaTH]E.

Xunore3a: [[ujabernuna kapauoMuonaTvja ce y Hajehoj Mepu oriema y IUjacTONHO]
TUCHYHKIMJU, MamO] MEPH CHCTOJHO] IHUC(PYHKIMJU M HE3HATHO H3MEHEHO] KOPOHAPHO]
ayToperyJialiji y CMUCITY oBehaHe pUruIHOCTH KPBHUX CY/I0BA.

2.3. Ilogo0OHOCT KaHAUAATA

Kanmgunaty je o0jaBibeH jegaH paj y LETWHU 32 IITaMIy Y PEICH3UPAaHOM YacOMHCy ca
CC/SCI nucre, y koMe je IPpBU ayTOp, YUME j& UCITYHHO YCIIOB 32 IPHjaBy JOKTOPCKE Te3e:

Ristic P, Bokonjic D, Zivkovic V, Jakovljevic V, Zdravkovic M, Pejovic J, Ristic D, Mladenovic
J. Subcutaneous adipose tissue measurements and better metabolic prediction. Central European
Journal of Medicine 2013; 8(2): 237-43 M23=3 6o1a

2.4. llperJien ctama y NOAPYYjy HCTPAKUBAHA

Diabetes mellitus je xponuuno o6osberbe pactyhe mHIMAEHIC W npeBaneHie. [Tocaenure
MeTa0oMMuKUX TnopeMehaja 3axBaTajy CBE OpraHCKE CHUCTEeME M JIOBOJE /O HHXOBE
nuchynkmuje. M3 Tor pamora XpoHHYHE KOMIIMKaIMje AujabeTeca mpeacTaBibajy Hajpehu n3a3os
U HajBehu TpoIlak y jeuemy oBUX O0JIECHHKA, IITO je U 3akibyyak omncexHe CODE 2 cryayje.

KapnnoBackynapna obospema cy 2-4 myta vemha mely obonenum o nujadereca u Bojaehu
CY Y3POK HBHXOBOI' MOpTanuTeTa. Y MHpapKTy MUOKapJaa MOPTAIUTET 0Oosenux of aujadereca
je 4 myta Behu 3a mymikapiie U 7 myTa 3a )K€He y OJHOCY Ha 00JIeJie M3 OIIIITE MOIyJIAIH]e ITO
TOBOpHU O crelupUIHOM omTehewmy KapJHOBacKyJlapHOr cucteMa y nujaderecy. [lujabetnuHa
kapauomuomnaruja JILMII je mojam koju ce mojaBibyje jour ox 1972 roaune kaaa je Rubler wa
NaTOXUCTOJIOUIKOM TIpernapary MHOKapjaa aujabeThuapa youho MpOMEHE HacTalle y OJCYCTBY
XUTIEPTEH3M]€, UCXEMHUCKe OOJIECTH WM alkoxoym3Mma. Kpakrepuie je mpuMapHO IHjacTOIHA
TucyHKIMja KOjy MpaTy KacHUja CUCTOJIHA AUC(HYHKIIH]A.

Jlanac ce y KKy HaydyHOT HHTEpecoBama KaJa je y NMuTamy NaToreHesa aujabeTuyHe
Kap/IMOMHUOIIAaTHj€ TOCTaBJba PEHUH aHrumoreH3uH angoctepoH cucreM (PAAC) 3a koju ce
CXaBTWJIO Ja TIpeAcCTaBjba KJBYYHH MEAHMjaTOp y UCIOJbaBamky IMOCIEANINA XPOHUYIHE
XHIIEpriIKeMuje Ha TkuBa. J{ujaberec kapakrepuiie nojayana aktuBHOCT PAAC(4). TIpeko 90 %
PAAC uyunu tkuBHU PAAC cTuM 1a M y OBOM ciyuyajy pPa3iMKyjeMO HHTpalelyJapHU U
exctpanenynapau TkuBH PAAC. OBy cucteMu Mel)ycOOHO MHTeparyjy ajid ce ¥ pasiuKyjy Mo
HAuMHY CTBapama KJbYYHHX METOONUTAa a CAMHM THM H pearoBamy Ha CaBPEMEHE TeparvcKe
omuuje Onokane PAAC. TxkuBau PAAC cuHTeTHMIy M KapJIMOMHUOLUTH M CpPYaHH
¢ubpodnactu.Excrpanenynapan ATIl perynuiie apTepucku NpUTHCAK Kao M XOMEOCTazy
€JIEKTPOJIMNTAa M TEYHOCTU A0K HHTpauenyidapHu ATIl omoryhaBa TpajuHy aktuBanmjy PAAC
noBehaBajyhu TeHCKY eKcCIpecHjy 3a aHruoTeH3uHoreH, peHuH, u ATl penentop u y
KapauoMuonutumMa Uy ¢uopobrmactuma. OBa nBa cuctema yHyTtap TKuBHOr PAAC nenyjy
CHHEPTHCTHUYKH. Y nujaberecy KoHIeHTpaija uatpanenynapaor ATl pacre 3.4 myTa y onHOCy
Ha 3J[paBe a jOII JIBOCTPYKO BUILE aKO je MpUIpYyKEHa XHUIepTeH3uja. MHTpauenyiapHu TKUBHH



ATIl je nBojHOr TOpeEKia, ca jedHE CTpaHe cTBapa C€ OJ YHYTaphelucKH CTBOPEHUX
aHTMOTEH3WHOTeHa,  peHMHAa M XHMa3a a ca Jpyre crTpaHe OuBa HAaKOH CeKpelyje
uHTepHanmm3oBaH myteM AT1 penentopa. Cuntesa unTpanenymtapaor ATl wajsehum nemom je
nocpenoBana xumaszama a He AIIE, 3ato maxuburopu AIIE He ywmamyjy 3HA4ajHO CHHTE3Y
untpanenyiaapaor ATIl. YV cramy xunepriukemuje y xkapaumomuornutuma ATIl cTtBapa
NPEeBAaCXOJHO MHTpAIETyJapHO JI€jCTBOM PEHHMHA M XHMMasa a y ¢ubpobiacTMa cpra TKUBHH
PAAC ce ctBapa aejctBom penuHa u ALIE u unTpanenynapao u ekcrpanenyiapHo. MHXxuOutopu
ALIE ctora genyjy npeBacxogno Ha TKuBHM PAAC ctBopen u3 ¢pubpobnacra. binokaropu AT1
perientopa Takohe He O0IOKHUPajy y MOTIYHOCTH TKUBHE edekTe nHTpanenyitapaor PAAC.

Y mocnenme Bpeme ce yBuha na nocanauimu HauuHu O6mokane PAAC, uaxuburopu ALE u
omokaropu ATI1 peuenropa, HUCY JOBOJbHO epukacHu y Onokaau TkuBHOT PAAC a na oBakBu
MEIMKaMEHTH Tpeba J1a NpeJCTaB/bajy OKOCHHIY y TEepamuju XPOHUYHHMX KOMILUIHKAIMja
nujabereca. 3a pasnuKky oA kinacuuHux Onokatopa PAAC muxubutop peHnHa nokasyje edexar u
Ha UHTpalenyJapHu U ekTcpanenyiapHu TKUBHU PAAC. PeHuH y cpyaHOM TKUBY j€ IBOJHOT
NopeKIIa. Jeaan eo je AMPEKTHO CHHTETUCAH OJ1 MTPEKypPCcopa CTBOPEHHUX Yy CAMOM TKHBY a JIPYTH
0]l TIPOPEHMHA M3 IMpKyJaluje WHTepHanu3oBaHor y henuje TkuBa. IlpopeHun je 3HauajHO
noBehaH y nupkysanuju obonenux o qujadereca.

AnconytHa Onokaga PAAC nemoxe cama no cebu 6utu nusb.Y neuemOpy 2012 Benuka
MelhyHapoaHa rpyma o0jaBibyje pesyiaTaTe MO KOojuMa J0JaBame aJUCKHPEHa KIACHYHUM
6nokaropuma PAAC Huje noBeno 10 00JbUTKA, HAPOTHUB CTYAMja je MPEKUHYTa U OBAaKBO CE
NOCTyNIamke HE Mpernopydyje.

AnnioctepoH ce cTBapa y HanOyOpery aju U JUPEeKTHO CHUHTETHIIE y TKUBUMA. Pa3nukyjy ce
TEHOMCKM ¥ HEreHOMCKH edektu ammoctepoHa. Herenomcku edexktn HacTymajy Opxe.
AnnoctepoH JONPUHOCH pa3Bojy KapaujanHe ¢pudpose mpe cera noreHuupameM edexara AT 11
npeko AT1 peuentopa. MHOTM HeraTMBHU €(PEKTH AIIOCTEPOHA HA MHUOKApPJ OCTBapyjy ce
PEeKO MUHEPAJIOKOpTUKOCTEpouaHOr perentopa MP. YV nyrorpajuoj 6mokagu PAAC ca ALIEU
u 6mokaropuma AT1 perentopa momnasu g0 Gera angocTepoHa OJHOCTO JI0 BETOBOT MOpacTa u
nopeJl BEeJIMKUX 70332 W/MIM KOMOWHOBAHOT JI€jCTBA. Y EKCIEPUMEHTY Ha HM30J0BAaHOM CpILy
nanoBa mnepdy3uja W CIHPUHOIAKTOHOM-OJIOKATOPOM  aJIJOCTEPOHCKOT  perenTopa "
QIJOCTEPOHOM BOAM y AKyTHO HEr€HOMCKO TI0jadyare KOHTPAaKTWJIHOCTH, IITO C€ JOAATHO
nmojayaBa KOMOMHOBaHOM mepdy3ujoM. HaBeneHo unHM HCUTHBaKkE eexara CIIMPUHOIAKTOHA
Ha [1jabeTHUHy KapJMOMUONATH]y N3a30BHUM.

brnokaropu AT-1 penentopa aenyjy mpeBacXoAHO KOHTpoJMIIyhu e(exTe OKCHIATUBHOT
cTpeca Ha TKuBO Muokapaa. Ca npyre ctpane AILIEU ocrapyjy edekre Hajpuie Moaynanujom L-
arginin-NO cucrema. 3a ALIEN ce panuje ce cmaTpano na nenyjy Ha L - arginin -NO cucrem
npeko OpaJuKMHMHA ajd Cy HOBHMja WCIHMTHBama ykaszajda Ha kibyuHy ynory ALE 2 u
anruotensuHa (1-7). [Napametpu okcumaTuBHOT cTpeca U MeTabonm3ma L-arginin-NO cuctema
Cy O]l BEJIUKOT 3Hauaja y TyMauewy edekara 01okane PAAC Ha nujabeTHuHy KapAHMOMHONATH]Y.

2.5. 3Hauyaj ¥ NJb HCTPAKUBAHA

3nauaj cmyouje

KapnnoBackynapHa 0060sbema Cy Bojiehu y3poK CMPTHOCTH KOJT 000JIeNTUX O JujadbeTeca
U 3HauajHo uemthe W Texe morahajy obonene o aujabereca HEro OIIITY TOIMYJAIH]y.
HujabetnyHa KapauoMHUONaTHja BOJIM TPEBACXOJHO Yy JUJaCTOJIHY a KaCHH]E W CHUCTOJHY
TUCOYHKIM]y W TpEe HEro ITO C€ HUCIOJbH HCXeMHUcka OonecT cpua. KibydHH y3pOYHHK
peMo/ieNioBamha TKUBA j€ XPOHUYHA XUIIEPTIIMKEMH]a a MOIYJIATOP 3HAYajHO MOjavyaHa aKTUBHOCT



penuH anruoteH3uH anpoctepon cucrema (PAAC) m to mpeBacxomHo y TkuBuMa. PAAC
NPEeBAaCXOJHO Jellyje MOIyJalujoM edekara OKCHAATUBHOI CTpeca ald M OpOjHUM JAPYTHM
MexaHu3MumMa. CII0)KeHOCT MPOM3UJIa3u M3 TKUBHE cHHTe3e OpojHux enemenata PAAC ynytap
MHOKap/ia T¢ IPUCYCTBA IBbUXOBHUX peLenTopa Ha henuckoj meMOpanu u yHyTap henuja. biokana
PAAC ce nanac noctmwke naxuoutopuma AILE, 6mokatopuma AT1 penenropa, ”HXUOUTOpUMA
peHrHa W OJOKaIOM perenrtopa 3a angocTepoH. CBakM O MOMEHYTHX HauWHa JIOTPUHOCH
osokagn PAAC anu mely ’UMa 1ocToje v 3HaYajHe pas3iuKe.

Lun u xunomeze cmyouje

OcHoBHa xumnoresa cTyAuje je na ce AujabeTuyHa KapauoMmuonaTtvja y Hajsehoj mepu
oriefa y JUjacTOJIHO] JUC(YHKLUHUjH, MambO] MEpU CHCTOJIHO] AUCHYHKIHMJU W HE3HATHO
U3MEHEHOj KOPOHAPHO] ayTOPETyJalrjy Y CMHUCTY oBehaHe pUrHIHOCTH KPBHUX CyJIOBA.

['eHepanHu LUJb UCTPAKUBaha j€ U3a3UBakE HHCYJIMHONEHU]CKOT JrjabeTeca XeMUjCKOM
METOAOM, yrnorpeboMm O0MI/KI CTpenTo30lMHA WII, & HAKOH TOTa W3MEPHTH KapAWOIWHAMCKE
napaMeTpe M nmapamerpe KopoHapHe aytoperyiauuje y Langendorff-oBom wmopeny nzomoBanor
Cplia y KOHTPOJHO] TpYIHU 3/ApaBUX, KOJ IujabeTHUYHE KapAHMOMHUONATHU]JE MU Y CBUM paJHUM
rpynama, Kao ¥ OJIPEAMTH YJOry OKcuaatuBHOr crpeca u L-arginin-NO cucrema y oBom
dbenomeny.

2.6. Be3a uctpaxuBama ca 10caIalllibUM HCTPAKUBAbUMA

KapnuoBackynapHa o6osbema cy Bogehu y3pok cMpTHOCTH Ko 00oJenux of Aujadbereca
u 3HauajHo demhe W Texe mnorahajy oOomene oa aujabereca HEro OMNINTY MOMYyJIAIHU]y.
JujaGeTnyHa KapJUOMHUOIIATHja BOJM INPEBACXOJHO Y JHMJjaCTOJNHY a KAaCHUj€ U CHCTOJIHY
TUCHYHKIM]y W TIpe HEro INTO C€ HCIOJbH HCXeMHCKa Oosiect cpua. KibydHM y3pOuHHK
peMo/IeTIOBaka TKUBA j€ XPOHUYHA XUIEPIIMKEMHja a MOIYJIaTOP 3HAYajHO M0jayaHa aKTUBHOCT
peHuH asHruoreH3uH anjgocrepon cuctema (PAAC) u 1o mpeBacxogHo y TkuBuMma. PAAC
IPEeBAaCXOJHO Jellyje MOIyJanujoM edekarta OKCHAATUBHOI CTpeca ajld M OpOjHUM JIPYTHMM
MexaHu3muma. CI0KEeHOCT Npou3nia3u U3 TKUBHE cUHTe3e OpojHux enemenara PAAC ynytap
MHOKap/ia Te IPUCYCTBA IBUXOBHUX peLenTopa Ha hemuckoj MmeMOpanu u yHyTap henuja. biokanga
PAAC ce nanac noctmwke naxuoutopuma AILE, 6mokatopuma AT1 penentopa, ”HXUOUTOpUMA
peHrHa M OJOKagoM peuenTopa 3a angocTepoH. CBakM O/ MOMEHYTHX HAyMHA JONPUHOCH
onokagn PAAC anu mely muMa 1ocToje U 3HauajHe pa3iuKe.

Csu moxynaropu PAAC nenyjy nenom KoHTponuinyhu edekre OKCHAaTUBHOT CTpeca Ha
TKUBO MHOKapa uin Moayaanujom L-arginin-NO cucrema. 3a ALIEU ce panuje ce cmarpaio aa
nenyjy Ha L - arginin -NO cucrem npeko OpaJMKWHHHA alli Cy HOBHja CIIMTUBAKba yKa3aja Ha
kbyuHy ynory ALIE 2 u anruortensuna 1-7. [lapameTpu oKCcHIATHBHOI cTpeca M MeTaboInM3Ma
L-arginin-NO cucrema cy on BEIMKOr 3Hadaja y TyMmauemy edekara Omokage PAAC Ha
I1jabeTUYHy KapAHUOMHUOIIATH]Y.

2.7. MeTo/ie HCTPAKMBAHA
Bpcma cmyouje

ExcniepumenTtanHa ctyamja.

Tonynayuja xkoja ce ucmpaoicyje
[Tmanupano wucrpaxuBame Oun oOyxBatmimo 140 mamoa, Wistar coja, MyIIKOT II0Ja,
crapoctu 8 Hexmesba, mpoceuyne TenecHe mace 180-200 rpama. JKuoTume Ou Omie yyBaHe y



CTaHAapIHUM J1a0OpaTOPHCKMM YCIOBHMAa y METaJHMM KaBe3WMa ca M3MEHaMma CBETJIOCTH U
tame Ha 12 catu.Temneaprypa Ou Ouna mozemieHa Ha 23 cTemneHa Iei3HujycoBe ckajie. Boga u
yobuuajeHa nabopatopucka ucxpana ad librum. Tlpe wHaykmumje mujabereca mocrojao Owu
a/IanTallMOHM MIEPUOJT O[] IBE HeJleIbe.

Hujaberec Om OWO WHAYKOBAaH HAKOH 12 dYacOBHOT TJagoBama JaBambeM O0MI/Kr
Crpenro3ornuHa pactBopenor y 1 mi 0.05 M pactBopa uutparonor mydepa PH 4.5 y6p30 nakon
Bahemwa u3 dpwkuaepa. Ha oBaj HauMH agMHUHHCTpanuje ce m30eraBa yTHIA] CaMO pacTBOpa
CTPENTO30TOIMHA Ha TOTEHIMjaHE alua0-06a3He mopemehaje, jep je pacTBOp OBOT' arcHca
u3paszuTo kuceo. OBakaB Mojen oMoryhasa pa3Boj XUIIOMHCYJIMHEMHICKOT ujabereca 6e3 KeTo3e
¥ 3HAYajHOT EJEKTPOJIMTHOI aucOaiaHca. AJMUHHCTpalja OM Owina UHTPANEPUTOHEATHO Yy
JIOP3aJIOM TI0JI0KA]y Y KayJadHH Je0 a0JOMUHAITHE IIYTJbHHE HAKOH MpeMas3uBamba MecTa yooaa
HOBUJIOH joioM. YnoTpebunu 6u crepunny uriy 25 G. Imukemuja npexo 11.1 mmol/l nyxe oxn
24 4yaca HaKoOH JaTe Tepanuje (ouekuBaHo mocie 48-72 yaca) cmarpana OM ce J0Ka30M 3a
nocrojame aujabereca. [nukemuje Ou Oumie oapehuBaHe HAKOH MYyHKIHMje pEIHE
BeHe./[njabeTnyne KMBOTHIHE OMiie OM Ha/laJhe YyBaHE MPU UCTHM YCIIOBUMA clieqiehe 4 Henelbe.
Jy)xuHa Tpajamba XWIEpIIHKeMHUje Ipe >KPTBOBamka J>KUBOTUHA j€ TNpeaBul)eHa Ha OCHOBY
nperiiefia pe3ysrata MpeTXOAHUX CTyWja Ha MOAENTy AujadeTreca MHIYKOBAaHOT Koi marjoBa. Ha
OCHOBY JIeTaJbHOT TIperjiesia BUIlle MoJieNla MHAYKIMje nrujabeTeca KoJ| MaloBa U pa3Boja MoyeTHe
muchyHKIMje MUOKapAa, ITo he 6UTH TeMa OBOI' UCTPaKKMBaHbAa, IOYETHE MPOMEHE J1jacTOIHE
(dyHKLHje JIeBe KOMOpe KOje ce PErrucTpyjy Ha U30JI0BAaHOM CpIly MaloBa ce pa3Bujajy Beh HakoH
7 naHa, JOK Ce MPOMEHE MPHUTUCKA Kpo3 3HI JieBe komope y Toky cuctoie (LV dP/dt max)
peructpyjy Beh HakoH Tpu ceamuie. OBO BpeMe ce pas3iuKyje y OJHOCYy Ha pa3Boj
KapAMOMUOIaTH]€e, AETEPMUHICAHE YJITPa3By4HO , a Koje u3Hoce 12 ceamuiia.

KuBotumama OM ce HAKOH eyTaHa3Hje H30JI0BAJIO cple U NepdyHI0BaJIO MpeMma
MOU(HUKOBAHO] TEXHUIIM M30JI0BaHOT peTporpaaHo nepdynoBanor cpia mo Langendorff-y.

ExcniepumeHTanHu npoTokoa je omodpeH on crpane Etmukor ombopa 3a 100poOuT
eKCTIepUMEHTATHUX JKUBOTH-Aa MeaunuHCKOT dakynTera YHHBep3uTeTa y Kparyjesiry.

Mamepujan u memoode

Hujaberec O6u OMO MHAYKOBaH HAaKOH 12 4YacoBHOI TJaJoBama AaBambeM O0OMI/Kr
Crpento3onuna pactBopeHor y 1 mi 0.05 M pactBopa uutparonor mydepa PH 4.5 y6p30 HakoH
Bahema m3 ¢pmwkuaepa. Ha oBaj HaumH agMuHHCTpanuje ce m30eraBa yTHIA] CaMO pacTBOpa
CTPENTO30TOI[MHA Ha NOTEHIMjaJHE anujo-6a3He mnopemehaje, jep je pacTBOp OBOI areHca
n3pazuto kuceo. OBakaB Mojien oMoryhaBa pa3Boj XUMOMHCYJIMHEMHUCKOT jadereca 0e3 KeTo3e
U 3HAYajHOT eJIEKTPOJIMTHOI JucOanaHca. AIMUHHCTpanuja OM Ouila MHTPANEepUTOHEATHO Y
JI0p3aJIOM TOJI0XKajy Y KayJallHu Jieo abJJOMUHAIHE IIYTUbMHE HaKOH NpeMa3uBama Mecta yooaa
TIOBHUJIOH joioM. YnoTpeOunu 6u crepunny uriy 25 G. mukemuja npexo 11.1 mmol/l nyxe oxn
24 yaca HaKOH JaTe Tepamnuje (ouekuBaHo mocie 48-72 yaca) cmarpana OM ce J0Ka30M 3a
nocrojame aujabereca. [nmukemuje ©Ou Owmie oapehuBaHe HAaKOH MYyHKIMje perHE
BeHe./[njabeTnyne KUBOTHIHE OMile OM Ha/aJhe YyBaHE TIPU UCTHM yCIIOBUMA cliefiehe 4 Henelbe.
JyxuHa Tpajama XUIEpPrIUKEMHUje Ipe >KPTBOBamba JKMBOTHI-A je MpenBulleHa Ha OCHOBY
nperiieia pe3ysrata MpeTXOAHUX CTyIdja Ha MOJeTy aAujadeTreca MHAYKOBAaHOT Koj maroBa. Ha
OCHOBY JIeTaJbHOT TIperjiesia BUIlIe MoJIeNla MHAYKIHUje nrujabeTeca Ko/ MaloBa 1 pa3Boja MoveTHe
nuchyHKIMje MUOKapAa, To he OUTH TeMa OBOT MCTpa)kKUBamba, MNOUYETHE MPOMEHE JHjacTOHE
¢dyHKLHje TeBe KOMOpe KOje ce PErHCTPyjy Ha M30JI0BAaHOM CpILy MaloBa ce pa3Bujajy Beh HakoH
7 naHa, JOK ce MPOMEHE NMPUTHCKa Kpo3 3uj JieBe Komope y Toky cuctojie (LV dP/dt max)



peructpyjy Beh HakoH Tpu ceamuiie. OBO BpeMe ce pa3iuKyje y OJHOCY Ha pa3Boj
KapJIMOMHUOIIAaTHj€, NeTEPMUHUCAHE YITPa3By4HO, a Koje n3Hoce 12 ceaqmua.
JKuBotumama OM ce HAKOH €yTaHasWje H30JI0BAJIO cpiie U mepdyHAOBAIO Tpema
MOAH(PUKOBAHO] TEXHHIIM M30JIOBAHOT peTporpanHo nepdyHmopanor cpua mo Langendorff-y.
[Tnanupano je 11 rpyna o 12 sXKMBOTHA U TO:

1. 3napase ca ynctum Krebs-Hensenleit-oBuM ¢usnoaomnkuam pactBopom,
JHujadernuna kapauomuonaruja( JJLIMII) ca uuctum Krebs-Hensenleit-oum
(U3UOIIOIIKUM PacCTBOPOM,

3npaBut+Amnuckupet (4.5 pM),

JALMIT+3o0denonpun ( 1.5 uM),

JALIMII+Bancapran (3 uM),

JAUMIT+Anuckupen (4.5 uM),

JAUMII+ Cnupunoinaktos (3 uM),

JUMIT+ 3odenonpun (1.5 uM)+ Bancapran (3 uM),
JALIMIT+3o0¢penonpun (1.5 pM)+ CnupunonaxtoH (3 uM),

10 JUMII+ Bancapran (3 uM) + Cnupunomnaktos (3 uM),

11. AUMII + Anuckupes ( 4.5 puM)+ Cnupunonaktos (3 pM)

N
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C 003upoM Ja je 3a HmOCTaBJbamke AMjarHO3€ KapAHMOMHONATHje HEONXojHa (PyHKIMOHAJIHA
(yntpa3Byuyna) win Mopdosionika (MaToOXMCTOJOMKa) BepuduKanuja, ycieq 00jeKTUBHUX
TEXHUYKMX MOTYNHOCTH, y OBOM MCTPaXXHBamby CMO C€ ONpPENeNMIA 33 MAaTOXHCTOJOIIKY
Bepudukanujy. Ox 12 xuBoTuma y cBakoj rpynu, 6 he OuTu celekTUpaHO 3a Mpenapanujy
u3osoBaHor cpua no Langendorff-y, nok he apyrux 6 Outu ompenesbeHO HAKOH JKPTBOBama 3a
MaTOXMUCTOJIOMIKY BepuduKaujy kapauomuonatdje. Kao mro je y HacloBy y Hpelu3upaHo,
UCTPAXKMBAEM CE€ aKILIEHAT CTaB/ba HAa MHHIIMjATHE MPOMEHEe y (PYHKIUjH MUOKapJa U HUXOBY
MOBE3aHOCT ca  (PYHKIMjOM  pPEHUOH-AaHTHOTEH3WH-aJIOCTEPOH  CHCTEMa, Tako  Ja
[aTOXUCTOJIOUIKE TPOMEHE He Mopajy OuTH MaHugecTHe. Panunm Ou xucroxemujcko 6ojeme Ha
konareH 1 u 3, 3aTuM 1e3MHUH, BUC()ATUH U MHOTPO(DUH.

Bennunna xopoHapHe ayToperyianuje 01 ce ofpehrBana Ha OCHOBY BPEJHOCTH KOPOHAPHOT
NpOTOKAa Ha CBAaKOM OJ 3agaTux BpeaHoctd mnepdysuonor mpurucka (40-120 cm H0). V
y30pIIIMa KOPOHAPHOT BEHCKOT eiryeHTa OM ce oJpehuBanu mapameTpu OKCHIAIIMOHOT CTpeca:
uHAeKC nunuaHe nepokcupanuje (mepeH kao TBARS), cymepokcun anjon pamukan (O2) u
BostoHUK nepokcun (H202), kao u xommunHa ocnobohenor NO (MepeH y o0lIMKYy HUTPHTA) Kao
mapkepa L-apruamH-NO-cuctema. CBu  HaBeleHM TmapaMmeTpu OW  Owim  MepeHH
crniektpodoromerprjcku. Kapanomuaamcku nmapamerpu paaa cpua (dp/dt max, dp/dt min, SLVP ,
DLVP, HR, MBP) 6u ce mepuiu copTBEpCKH TOCPEICTBOM CEH30pa KOjU OU CE€ YBOJIUO Y JIEBY
KOMODY.

Jlaboparopujckn 6u u3 kpBu onpenunun XO0Alm u BHII panu yrBphuBama eBeHTyanmHe
pasyiiKe y MPOCEUYHUM BPETHOCTHM TIHMKEMHj€ TOKOM EKCIIEpUMEHTa T€ Pa3lIuKe y HapaMeTpy
CpYaHe cIaboCTH.

VY cratuctuukoj obpanu nogaraka 6u Ouia kopuirheHa 1BogakTopcka aHaINM3a BapHjaHCce ca
MIOHOBJLCHUM MepemrMa, kao u CtyHaeroB T-tect 3a BezaHe y3opke. CTaTHCTHYKA 3HAYajHOCT
pasnuke O6uhe mocrtaBibeHa Ha HHUBOY on P < 0.05. 3a Mepeme jaunHe y30pauykor JIMHEApHOT
onHoca uamel)y nBe Bapujadiie kopuctrhe ce Pirson-oB Tect JIMHEapHEe Kopemanuje.



2.8. OueknBaHU Pe3yJITATH JIOKTOPCKe JUcepTaALHje

VYKOJIMKO ce MOTBPAM pajiHa XUIIOTE3a OUEKyje Ce BUCOK CTEIEH Kopealyje aujabeTuaHe
KapJIMOMHUOTIATH]€, TUjaCTOJIHE AUCPYHKIIHUjE, MAakh0] MEPU CHCTOJHE TUC(]YHKIH]E JIeBE KOMOPE
U HE3HATHO HM3MEHEHO] KOPOHAPHO] ayTOperyliandji y CMHCIY MoBehaHe PUTHAHOCTH KPBHUX
CyJI0Ba, Ka0 U KOpelalfja ca OKCHIATUBHUM cTpecoM u auchyrkimjom L-arginin-NO cucrema.

2.9. OKBUpHH cajJp:kaj 1ucepTanmje

KapanoBackynapHa o00Jbema ¢y Bogehu y3pok CMPTHOCTH Koj 00osenux oJ qujadbereca
W 3HauajHo demhe W Texe rmorahajy oOomene oa aujabereca HEro ONINTY IOMYyJIAIH]y.
JujaGeTnyHa KapJUOMHUOIIATHja BOJM IMPEBACXOJHO Y JHMJjacTOJHY a KacHUje U CHCTOJIHY
TUCHYHKIM]y W TIpe HEro INTO C€ HCIOJbH HCXeMHCKa Oosiect cpua. KibydHH y3pOouHHK
pEMO/IeTIOBaka TKUBA j€ XPOHUYHA XUIIEPIIIMKEMHja a MOIYJIaTOp 3HAYAjHO MojayaHa aKTUBHOCT
peHuH anHruoreH3uH anjpocrepon cuctema (PAAC) u 10 mpeBacxogHo y TkuBuma. PAAC
IPEBAaCXOJHO Jellyje MOIyJalujoM edekaTta OKCHJATUBHOI CTpeca ajld M OpOjHUM JPYIMM
MexaHuzmuma. CloKeHOCT Ipou3nia3u U3 TKUBHE cUHTe3e OpojHux enemenara PAAC ynytap
MHOKap/ia Te IpUCYCTBa BUXOBHUX peLenTopa Ha henuckoj meMOpanu u ynytap henuja. biaokanga
PAAC ce nanac noctmwke naxuobutopuma AILE, 6mokatopuma AT1 penenropa, ”HXUOUTOpUMA
peHrHa M OJOKagoM peuenTopa 3a anaocTepoH. CBakuM O]l MOMEHYTHX HAaYMHA JOIPHHOCH
onokann PAAC anu mely muMa 1ocToje U 3HauajHe pa3iuke.

OcHOBHa XHUMOTe3a CTyHje je J1a ce AujadeTHYHa KapJuoMuomnaTija ce y Hajaehoj mepu
orjena y JWjacTONHO] IUCOYHKLUJU, MamO] MEpPH CHUCTOJIHO] IUCHYHKLIMJU U HE3HATHO
U3MEHCHO) KOPOHAPHO] ayTOperyJalnju y cMUCITy noBehaHe pUruiHOCTH KPBHUX CyJI0Ba.

2.10. lIpenJior MmeHTOpa

3a mentopa ce npemiaxe I[pod. ap Baagumup JakoBsseBuh, BaHpegnu mpodecop
QdakynreTa MEIUIIMHCKAX Hayka YHuBep3utera y KparyjeBmy 3a yKy HaydHy o0Oiact
®dusnonoryja.

2.11. HayuHa o0aacT qucepramnuje
Menununa. Yixa o6nact: ExcrieppuMeHTaIHa HHTEpHA MEIUIIMHA.
2.12. Hay4yHa 006J1aCcT 4J1aHOBA KOMHCHje

1. mpod. np Muonapar Jlykuh, npodecop emepuryc YHuBep3uteta y Kparyjesiy 3a yxy HaydHy
o0acT MuKpoOHOI0THja U UMYHOJIOTH]a, IPEICEAHUK

2. HC Bepuna Mwunomesuh, nHayunu caBetHuk VbW ,,Cununma CrankoBuh® YHuepsutera y
beorpany, wian

3. mpod. ap Brnagumup JakosibeBuh, BaHpenHu mnpodecop Pakynrera MEAUIMHCKHX HayKa
VYuusepsuteta y Kparyjesily 3a yxy HayuHy obsact OU3H0II0THja, YIaH

4. mpod. ap Bragumup tpbak, penosHu npodecop MeaunuHCKOT dakyaTeTa Y HUBEp3UTETa y
Bpatucnasu 3a yxxy HayuHy oOnact [latonomika ¢pusuosaoruja, uian

5. npod. np Omnra IlexanoBa, pemnoBHu npodecop, MHCTUTYT 3a HOpMaNHy M MATOJOLIKY
¢usuonorujy, CroBauka akageMuja HayKka, bpaTucnasa, €iaH



3ak/by4yak U Npeaor KoMmucHje

1. Ha ocHOBYy yBHIa Yy pe3yiraTe I0CaJallibe HAyYHO-HCTPAKUBAYKE aAKTUBHOCTH U
ny6nukoBane pagose /[lp Ilerpa Puctuha kommcuja 3akibydyje da KaaunaT MoOCedyje
oaroapajyhe koMmmeTeHIMje U Ja WCIyHmaBa CBE YCJIOBE Ja MPUCTYIH U3Paau JOKTOPCKE
JTUcepTaIyje.

2. TlpeanokeHa Tema je Hay4HO OIpaBIaHa, IU3ajH UCTPAKUBAMA j& MPEIM3HO MOCTABJHEH H
neduHUCaH, METOIOJIOTH]a j€ jacHa. Paau ce 0 OpUrMHAITHOM HAYyYHOM JIeTy KOje uMa 3a b
Jla pa3BHje HOB MPHUCTYI u3ydaBamy yiore PAAC y xemujcku uzaspanom Diabetes mellitus-

y.
3. Komucwuja cmatpa na he npennoxxkena nmokropcka teza Jp Ilerpa Puctuha 6utn on Beaukor

HAYYHOT M TPAKTUYHOT 3Ha4aja y CMHCIY MpoyyaBama MNaTO(QU3MOJIOMIKUX MEXaHH3aMa
Diabetes mellitus-a.

4. Komucmwja mnpemnaxe HacrtaBHo-Hayunom Behy @akynreTta METUIIMHCKUX HayKa y
KparyjeBuy na mpuxBatu mnpujaBy Teme TOKTOpcke nauceprauuje kanaupara [p Ilerpa
Puctuha mon HaszuBoM ,,YTHIAj cejieKTHBHe 0JIOKaje ejleMeHAaTa TKHBHOT pPeHUH
AHTHOTEH3UH AJIe0CTEPOH CHCTEMA HA M30JI0BAHO CPLie MAL0BA Y XeMHUjCKH M3a3BAHOM
Diabetes mellitus-y* u ono0pu mweHy uspany.

IIpod. np Muoapar Jlykuh, npodecop emepuryc YHupepsutera y Kparyjesity 3a yxy HaydHy
obacT MukpoOHoI0THja 1 UMYHOJIOTH])a, IPEJICETHUK,

HC Bepuna MusiomeBuh, nHayunu caBetnuk B ,,Cuanma CrtankoBuh YHuBep3uteTa y
beorpany, unas,

I[Ipog. np Bragumup JakosmeBuh, Banpeanu npodecop Pakynrera MEIULIUHCKUX HayKa
VYuusep3utera y Kparyjesiy 3a yxxy HayuHy obiact @u3mnonoryja, uiaH

IIpod. np Baagumup LTpbak, penouu npodecop Meauuuuckor paxynrera
VYuuep3uteta y bpatucnasu 3a yxxy Hayuny o6nact [latonomka ¢usnosnoruja, €wian

IIpo¢. ap Oara IlexanoBa, peoBHU Npodecop, HCTUTYT 3a HOPMAJIHY U NATOJIOIIKY
¢uznonorujy, CroBauka akagemuja Hayka, bpaTucnasa, unan
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V Kparyjesny, 27. 12. 2013.




UNIVERSITY OF KRAGUJEVAC
FACULTY OF MEDICAL SCIENCES
KRAGUJEVAC

1. Decision of Academic Council

By the decision of Academic Council of the Faculty of Medical Sciences of the
University of Kragujevac, number 01-12526/3-3, from 27.11.2013, members of the evaluation
commission for rating the scientific basis of PhD thesis written by the candidate Petar Risti¢
MD were appointed.

PhD thesis title:

»Effects of selective tissue renin angiotensin aldosterone system blockade on isolated rat
heart in chemically induced diabetes mellitus“

Members of the evaluation commission:

1. Prof. Miodrag Luki¢ MD PhD, Professor Emeritus at the University of Kragujevac
for narrower scientific field of Microbiology and Imunology, president

2. R F Verica MiloSevi¢, Research Fellow at the Insitute of Biological Science ,,SiniSa
Stankovié¢* of the University of Belgrade, member

3. Prof. Vladimir Jakovljevié¢, MD, PhD , Assistant Professor at the Faculty of Medical
Sciences of the University of Kragujevac for narrower scientific field of Physiology,
member

4. Prof. Vladimir Strbak, MD, DSc , Professor at the Faculty of Medical Sciences of the
University of Bratislava for narrower scientific field of Patological Physiology, member

5. Prof. Olga Pechanova, RunDr, DSc , Professor at the Institute of Normal and
Pathological Physiology of Slovak Academy of Sciences, Bratislava, member

2. Evaluation commission report on scientific basis of PhD thesis
2.1 Candidate short CV

Petar Ristic MD was born on June 16th 1971 in Belgrade. He graduated from the
Faculty of Medical Sciences, the University of Belgrade, in 1997. He completed his
specialization in internal medicine in 2002 and sub specialization in endocrinology in 2007.
He has been working at the Military Medical Academy since 2002. He is a Serbian Army
officer with the current rank of major, appointed as head of endocrinology doctor’s surgery at
the Outpatient Center of the Military Medical Academy. The candidate attended school of
good clinical practice and acquired GCP certificate in 2012. He participated in the clinical
study NN 1250-3944.He passed oral PhD exam on the subject of Clinical and Experimental



Internal Medicine in March 2011 at the Faculty of Medical Sciences, the University of
Kragujevac . The candidate is able to use computers and speaks English fluently.

2.2 Title, subject and hypothesis of doctoral dissertation

Title: Effects of selective tissue renin angiotensin aldosterone system blockade on isolated rat
heart in chemically induced diabetes mellitus

Subject: Determining a change in the function of myocardium and coronary flow caused by
the animal model of diabetic cardiomyopathy

Hypothesis: Diabetic cardiomyopathy is mostly presented with diastolic dysfunction, to a
lesser extent with systolic dysfunction, while coronary auto regulation is slightly altered in
terms of increased rigidity of blood vessels.

2.3. Candidate suitability

The canditate has one article published in the scientific journal from CC/SCI list as the
first autor. Due to this fact the candidate meets the requirement for applying for the PhD
thesis.

Ristic P, Bokonjic D, Zivkovic V, Jakovljevic V, Zdravkovic M, Pejovic J, Ristic D,
Mladenovic J. Subcutaneous adipose tissue measurements and better metabolic prediction.
Central European Journal of Medicine 2013; 8(2): 237-43 M23=3 points.

2.4 Overview of the field of research

Diabetes mellitus is the chronic condition with constantly rising incidence and
prevalence. Chronic metabolic disorders affect every organ system in the body and lead to
their disfunction. Therefore chronic diabetic complications are the biggest challenge and the
highest cost in diabetic patients management, which was the conclusion of the extensive
CODE2 study.

Cardiovascular disease is 2-4 times more common among diabetic patients and it is the
leading cause of their mortality. When we analyze myocardial infarctation, the mortality of
diabetics is 4 times higher for men and 7 times for women than the mortality of nondiabetics.
This leads to the conclusion that there is a specific cardiovascular damage caused by diabetes.
Diabetic cardiomyopathy (DCMP) is the term introduced by Rubler in 1972, when he
described patohistological alterations in diabetic myocardium in absence of ishemia, arterial
hypertension or alcoholism. It is characterised by predominantly diastolic disfunction
followed by later sistolic disfunction.

Scientific focus regarding pathogenesis of DCMP is on RAAS which was realised to
be the main modulator of chronic hyperglicemia influences on tissues. Diabetes mellitus is
characterised by the enhanced RAAS activity in tissues . More than 90% of RAAS is tissue
RAAS, however this is not the only distinction since there are intracellular and extracellular
tissue RAAS as well . These systems are in constant interaction, however there are some
differences in the way they synthesize key metabolits and therefore in the way they react on
modern RAAS blocking options. Tissue RAAS is synthesized both in cardiomyocites and
heart fibroblasts. Extracellular Angiotensine Il (ATII) regulates arterial tension, fluid and
electrolite homeostasis while intracellular tissue RAAS enables long lastig RAAS stimulation
by increasing genetic expresion of angiotensinogen, renin and AT1 receptors for ATII both in
cardiomyocytes and heart fibroblasts. These two elements of tissue RAAS act synergistically.



Diabetic patients have 3.4 times higher intracellularATII than nondiabetics and even double
more if they have arterial hypertension combined. Intracellular tissue ATII has dual origin,
some is synthesized in cells from intracellularly made angiotensinogen, renin and chimazas
and on the other hand it might be internalized after secretion by the cell through AT1
receptors. Intracellular ATII sythesis is mostly managed by chymasas and not by ACE.
Therefore ACEI can not significantly reduce intracellular ATIIL. In hyperglicemic state
cardyomyocites produce ATII predominantly intracellularly involving renin and chymasas
whilst in the case of fibroblasts renin and ACE are involved both intracellularly and
extracellularly. So ACEI act predominantly on tissue RAAS made in heart fibroblasts. ARBs
are also not able to block intracellular tissue RAAS entirely. Zofenopril is lipophile ACEI
with sulfhydryl group and significant effects on tissues .

Recently it has become obvious that previous RAAS blocade modalities (ACEI,
ARBs) are not efficient enough particulary in blocking tissue RAAS. Such medication should
be involved in chronic diabetic complications prevention.

Absolute blockage of RAAS should not be a goal. In December 2012 a large
international study group reported results indicating that the addition of aliskiren to classic
RAAS blockers like ACEI or ARB does not lead to improvement, on the contrary such
method is not recomended .

Aldosterone is produced in the adrenal gland but there is tissue production as well. We
can differentiate genomic and nongenomic effects of aldosterone.Nongenomic effects start
more quickly. Aldosterone contributes to development of cardial fibrosis mostly by
potentiating ATII effects on AT1 receptor. Many of these negative effects are mediated
through mineralocorticoid receptors (MR). After long lasting RAAS blockade with ACEI and
ARBs aldosteron concentration starts to rise despite larger doses or combined administration
.This phenomenon is called aldosterone escape.In isolated heart experiment both aldosterone
and direct blocker of its receptor produced similar nongenomic effect- positive inotropic , and
this was even enhanced with combined perfusion which makes investigations of
spirinolactone effects on diabetic cardiomyopathy interesting and intriguing.

ARBs act mostly by controlling oxidative stress effects on myocard tissue. On the
other hand, effects of ACEI are usually driven from modulation of L-arginin NO system.
Earlier it was considered that ACEI effects involve bradikinin system but later findings
suggest that it is not the case. When ACE is inhibited angiotensin | is in greater extent
converted by ACE2 whose product is angiotensin (1-7), molecule with vasodilatative
properties. Oxidative stress and L-arginin NO system parameters are very important for
proper understanding of RAAS blockade in diabetic cardiomyopathy.

2.5. The importance and purpose of the research
Importance of the study

Cardiovascular disease is the leading cause of mortality among diabetic patients and it
strikes this group significantly more often and more severely than general population.
Diabetic cardiomyopathy (DCMP) presents initially with diastolic dysfunction which is later
accompanied by systolic dysfunction as well. These events precede ischemic heart disease.
Major cause of tissue remodelling in diabetes is hyperglycemia and it is the most significant
modulator of excessive activity of rennin angiotensin aldosterone system (RAAS) particularly
tissue RAAS. Among other known effects RAAS in this matter predominantly acts via
modulation of oxidative stress. Complexity of this matter comes from the ability of tissues to
produce almost all elements of RAAS and from the presentation of their receptors both on cell
surface and inside the cell. At this moment RAAS blockade is managed with ACE inhibitors,



blockers of AT1 receptor for angiotensin Il (ARBSs), direct rennin inhibitors, and blockers of
the aldosterone receptor. Every method has its own contribution, but there are important
differences as well.

Aim and hypothesis

Basic hypothesis is that diabetic cardiomyopathy is largely presented with diastolic
dysfunction, to a lesser extent systolic dysfunction while coronary auto regulation is slightly
altered in terms of increased rigidity of blood vessels.

General aim of this study is to induce insulinopenic diabetes with chemical method
using 60mg/kg of streptozotocin ip, than to determine cardiodynamic parameters and
parameters of coronary blood flow autoregulation in Langendorf model of isolated heart in
control group of healthy rats, those with diabetic cardiomyopathy and in all predetermined
groups according to the protocol of investigation. The role of oxidative stres and L-arginin
NO system will be monitored in all groups as well.

2.6. Relation of this study to previous research

Cardiovascular disease is the leading cause of mortality among diabetic patients and it
strikes this group significantly more often and more severely than general population.
Diabetic cardiomyopathy (DCMP) presents initially with diastolic dysfunction which is later
accompanied by systolic dysfunction as well. These events precede ischemic heart disease.
Major cause of tissue remodelling in diabetes is hyperglycemia and it is the most significant
modulator of excessive activity of rennin angiotensin aldosterone system (RAAS) particularly
tissue RAAS. Among other known effects RAAS in this matter predominantly acts via
modulation of oxidative stress. Complexity of this matter comes from the ability of tissues to
produce almost all elements of RAAS and from the presentation of their receptors both on cell
surface and inside the cell. At this moment RAAS blockade is managed with ACE inhibitors,
blockers of AT1 receptor for angiotensin Il (ARBSs), direct rennin inhibitors, and blockers of
the aldosterone receptor. Every method has its own contribution, but there are important
differences as well.

All RAAS blocking agents act mostly by controling oxidative stress effects on
myocard tissue and by modulation of L-arginin NO system. Earlier it was considered that
ACEI effects involve bradikinin system but later findings suggest that it is not the case. When
ACE is inhibited angiotensin | is in greater extent converted by ACE2 whose product is
angiotensin (1-7), molecule with vasodilatative properties. Oxidative stress and L-arginin NO
system parameters are very important for the proper understanding of RAAS blockade in
diabetic cardiomyopathy.

2.7 Method of research
Type of study:
Experimental study
Researched population:
We are planning to use 140 male Wistar albino rats aged 8weeks with average body

mass of 180-200 gr. Animals will be held in the stable enviroment in metal cages with the
temperature of 23 C and with 12 hour light and dark cycle. Usual laboratory chow and water



will be presented ad librum. Before induction of diabetes two weeks of adaptation will be
provided.

Induction of diabetes will start after 12 hours of fast. After dissolving streptozocin in
1ml of 0.05M cold citrate bufer of PH 4.5, it will be given to the rats i.p. in dorsal posion in
lower abdominal cavity using steril 25G needle and the dosage will be 60mg/kg. This method
of administration prevents eventual effects of streptozotocin solution to acido-basic balance,
because the solution is very acidic.This model of inducing diabetes provides hypoinsulinemic
hyperglicemia without ketosis or electrolite disturbance. Previously the skin will be swabbed
with iodine solution at the place of administration. For diagnosis of diabetes we will accept
animals with blood glucose level > 11.1mmol/l any time after 24hours after the streptozocin
injection. Usually it takes 48-76 hours for diabetes to develop. Blood samples for glucose
measurments will be taken from tail vein. Animals that developed diabetes will be held in the
same conditions for the next 4 weeks.Duration of hyperglicemia prior to euthanasia was
determined after analyzing the results presented in previous studies on diabetic rats. Based on
a detailed overview of several models of induction of diabetes in rats and the development of
initial diabetic cardiomyopathy which is the topic of this study, the conclusion is that the first
changes in diastolic function of the left ventricule measured on isolated rat heart develop after
7 days while changes of pressure in the left ventricule wall during systola ( LV dP/dt max)
can be registered after 21 days. In case of cardiomyopathy which is determined by the
ultrasound this time period is 12 weeks.

After eutanasia isolated hearts will be prepared according to modified retrogradly
perfused heart Langendorff protocol. The experiment is approved by Ethics commitee for
experimental animal well being of the Medical Faculty of the University of Kragujevac.

Materials and methods

Induction of diabetes will start after 12 hours of fast. After dissolving streptozocin in
1ml of 0.05M cold citrate bufer PH 4.5, 60mg/kg of it will be given i.p. in dorsal posion in
lower abdominal cavity using steril 25G needle. This method of administration prevents
eventual effects of streptozotocin solution to acido-basic balance, because the solution is very
acidic.This model of inducin diabetes provides hypoinsulinemic hyperglicemia without
ketosis or electrolite disturbance. Previously skin will be swabbed with iodine solution at the
place of administration. For diagnosis of diabetes we will accept animals with blood glucose
level > 11.1mmol/l any time after 24 hours after the streptozocin injection. Usually it takes
48-76 hours for diabetes to develop. Blood samples for glucose measurments will be taken
from tail vein. Animals that developed diabetes will be held in the same conditions for the
next 4 weeks.Duration of hyperglicemia prior to euthanasia was determent after analyzing the
results presented in previous studies on diabetic rats. Based on a detailed overview of several
models of induction of diabetes in rats and the development of initial diabetic cardiomyopathy
which is the topic of this study, first changes in diastolic function of the left ventricule
mesured on isolated rat heart develop after 7 days while changes of pressure in the left
ventricule wall during systola ( LV dP/dt max) can be registered after 21 days. In case of
cardiomyopathy which is determined by the ultrasound this time period is 12 weeks.

After eutanasia isolated hearts will be prepared according to the modified retrogradly
perfused heart Langendorff protocol.

According to the protocol there will be 11 groups of 12 animals:



1. Healthy animals with pure Krebs-Hensenlit solution
2. DCMP with pure Krebs-Hensenlit solution

3. Healthy animals + Aliskiren (4.5 uM)

4. DCMP + Aliskiren (4.5uM)

5. DCMP + Zofenopril (1.5 uM)

6. DCMP + Valsartan (3 uM)

7. DCMP + Spirinolacton( 3 uM)

8. DCMP + Zofenopril (1.5 uM)+ Valsartan (3 pM)

9. DCMP + Valsartan (3 uM)+ Spirinolacton( 3 uM)
10. DCMP + Aliskiren (4.5uM)+ Spirinolacton( 3 uM)
11. DCMP+ Zofenopril (1.5 uM)+ Spirinolacton( 3 pM)

Having in mind that for establishing the diagnosis of diabetic cardyomyopathy
functional (ultrasound) or morphologic (pathohistology) conformation is needed and because
of the objective technical limitations in this experiment we have chosen pathohistological
confimation. Out of 12 animals in every group 6 will be taken for preparation of isolated heart
by Lagendorf protocol and other 6 will be sent for patohistological verification of
cardiomyopathy. As it was put in the title, the major aim of this study is to assess initial
changes in myocardial function and their relation to the activity of RAAS. Therefore
patohistological changes do not need to be apparent at all. We would perform histochemical
staining for collagen I and 111, desmin, visfatin and myotrophin.

Cardiodynamic parameters and the range of coronary auto regulation will be measured
on prearranged levels of perfusion pressure 40-120cm H20.Oxidative stress and L-arginin
NO system markers (TBARS, 027, H202, nitrite) will be determined by spectrophotometer
from coronary venous effluent samples. Cardiodynamic parameters (dp/tp max, dp/tp min,
SLVP, DLVP, HR, and MBP) will be measured by the sensor placed in the left ventricle
using software.Blood samples taken from killed animals will be tested for HbAlc as the
measurement of average glycemia in groups during the experiment and for BNP as the
measurement of heart dysfunction in groups.

For statistical calculation we will use two-factor analysis of variance with frequent
measurements and Student T-test for connected samples. Statistical significance will be set on
p<0.5 level. To calculate significance of linear relation between variables in the samples we
will use Pirsons Test of linear correlation.

2.8 Expected results of the doctoral dissertation

If working hypothesis is confirmed, we can expect high level of corelation of diabetic
cardiomyopathy, diastolic dysfunction, systolic disfunction of left ventricule in lesser extent



and insignificantly altered coronary flow in terms of increased rigidity of blood vessels .
Corelation to oxidative stres and disfunction of L-arginin-NO system is expected as well.

2.9 General content of the doctoral dissertation

Cardiovascular disease is the leading cause of mortality among diabetic patients and it
strikes this group significantly more often and more severely than general population.
Diabetic cardiomyopathy (DCMP) presents initially with diastolic dysfunction which is later
accompanied by systolic dysfunction as well. These events precede ischemic heart disease.
Major cause of tissue remodelling in diabetes is hyperglycemia and it is the most significant
modulator of excessive activity of rennin angiotensin aldosterone system (RAAS) particularly
tissue RAAS. Among other known effects RAAS in this matter predominantly acts via
modulation of oxidative stress. Complexity of this matter comes from the ability of tissues to
produce almost all elements of RAAS and from the presentation of their receptors both on
cell surface and inside the cell. At this moment RAAS blockage is managed with ACE
inhibitors, blockers of AT1 receptor for angiotensin Il (ARBS), direct rennin inhibitors, and
blockers of the aldosterone receptor. Every method has its own contribution, but there are
important differences as well.

Basic hypothesis is that diabetic cardiomyopathy is largely presented with diastolic
dysfunction, to a lesser extent with systolic dysfunction while coronary auto regulation is
slightly altered in terms of increased rigidity of blood vessels.

2.10 Suggestion for a mentor

We suggest Prof. Vladimir Jakovljevic MD PhD , Assistant Professor at the Faculty of
Medical Sciences of the University of Kragujevac for narrower scientific field of Physiology
be the mentor.

2.11. Scientific field of PhD thesis

Medicine. Narrower scientific field: Experimental internal medicine.

2.12. Scientific field of members of scientific commission

1. Prof. Miodrag Luki¢ MD PhD, Professor Emeritus at the University of Kragujevac for
narrower scientific field of Microbiology and Imunology, president

2. R F Verica MiloSevi¢, Research Fellow at the Insitute of Biological Science ,, SiniSa
Stankovi¢* of the University of Belgrade, member

3. Prof. Vladimir Jakovljevi¢, MD, PhD , Assistant Professor at the Faculty of Medical
Sciences of the University of Kragujevac for narrower scientific field of Physiology, member

4. Prof. Vladimir Strbak, MD, DSc , Professor at the Faculty of Medical Sciences of
the University of Bratislava for narrower scientific field of Patological Physiology, member

5. Prof. Olga Pechanova, RuNDd, DSc , Professor at the Institute of Normal and Pathological
Physiology of Slovak Academy of Sciences, Bratislava, member



Conclusion and suggestions of scientific commisson

1. After reviewing the results of the scientific work and research and publications made by
Petar Risti¢ MD, the committee concludes that the candidate has necessary qualifications and
meets all the requirements to start to work on his doctoral dissertation.

2. Presented PhD thesis is scientifically justified , the design of the study is precisely set and
defined and the methodology is clear. It is an original scientific work with a purpose to
develop a new aproach in investigating the role of RAAS in chemicaly induced Diabetes
mellitus.

3. Scientific committee is of the opinion that presented PhD thesis by Petar Risti¢c MD will
prove to be scientifically and practically useful for studying pathophysiological mechanisms
of Diabetes mellitus.

4. This commission suggests that the Academic Council of the Faculty of Medical Sciences of
the University of Kragujevac accept the PhD thesis by the candidate Petar Risti¢ MD titled :
»Effects of selective tissue renin angiotensin aldosterone system blockade on isolated rat heart
in chemically induced diabetes mellitus* and approve its writing.

Prof. Miodrag Luki¢ MD PhD, Professor Emeritus at the University of Kragujevac for
narrower scientific field of Microbiology and Imunology, president

R F Verica Milosevi¢, Research Fellow at the Insitute of Biological Science ,, Sinisa
Stankovi¢* of the University of Belgrade, member

Prof. Vladimir Jakovljevi¢, MD, PhD , Assistant Professor at the Faculty of Medical Sciences
of the University of Kragujevac for narrower scientific field of Physiology, member

Prof. Vladimir Strbak, MD, Dsc , Professor at the Faculty of Medical Sciences of
the University of Bratislava for narrower scientific field of Patological Physiology,
member

Prof. Olga Pechanova, RUNDr, Dsc , Professor at the Institute of Normal and Pathological
Physiology of Slovak Academy of Sciences, Bratislava, member

/

In Kragujevac, 27th December 2013
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