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2.1. Significance and contribution of doctoral thesis from the viewpoint of current conditions in the specific scientific domain

           Doctoral thesis of Dr Vladimir Živković, assistant, titled “The effects of homocysteine and homocysteine related compounds on cardiodynamics and coronary flow in the isolated rat heart: the role of gasotransmitters and oxidative stress” is one of the first studies worldwide which deals with a new approach in the examination of the effect of homocysteine, particularly the substances similar to homocysteine, on cardiovascular system, especially viewing the role of gasotransmitters and oxidation stress in this phenomenon.
           Hyperhomocysteinemia has been considered an independent atherosclerosis risk factor for a long time; however, numerous clinical studies have not confirmed this conclusion. Coincidentally, numerous harmful effects of homocysteine have been found, which are obviously connected with oxidation stress and “protein homocysteinylation” (undesirable formation of bonds between SH groups of amino acids). Previous research showed that hyperhomocysteinemia was associated with harmful remodeling and weakness of cardiac muscle. In addition, certain results show that acutely administered homocysteine leads to reduced contraction of cardiac muscle, as well as coronary vasodilatation – the effect without the participation of NO or products of cyclooxygenase enzyme, but with partial participation of adenosine. 
           Gasotransmitter NO (the product of amino acid L-arginine) is known as a secondary messenger in many homeostatic processes, but is, inter alia, connected with the dysfunction of endothelium and endocardium. Endothelial and endocardia dysfunction appear due to the effect of risk factors (including homocysteine), but not as a result of unbalanced production/decomposition of NO and О2- . Therapeutic strategies aimed at the increase of NO production (and/or decrease of its decomposition) and other improvement of endothelial functions, or the decrease of О2- production (and/or increase its decomposition) respectively, are rational basis for the research on experimental models and its application on humans. 
           Gasotransmitter H2S is in physiological sense a secondary messenger, which is formed in mammalian cells during the metabolism of L-cysteine amino acid. Its toxicity was described as early as in 1713. It was shown to stimulate K(ATP) channels in smooth vascular muscle cells, thus realizing the function of endogenous opener of K(ATP) channel and acting protectively in the ischemic myocardium and septic shock. 

           Significant quantities of H2S are produced in brain by the activity of enzyme cystathionine beta synthase (CBS), where, synergistically with NO, leads to relaxation of smooth aorta muscle, vasodilatation and hypotension in rats with both antioxidative and antiproliferative effects. These effects are significant for the maintenance of values of arterial blood pressure and blood vessel structures within physiological limits. The decreased production of H2S was proved in smooth muscles of spontaneously hypertensive rats, as well as in experimental hypertension induced by blocking the enzyme NO synthase. H2S deficiency contributes to atherogenesis in some patients with hyperhomocysteinemia. H2S was described to inhibit the cardiac muscle damage caused by acute administration of homocysteine in rats (it is interesting that both substances contain sulphur), changing the activity of myocardial mitochondrial respiratory chain  (enzymes: succinate dehydrogenase, cytochrome oxidase and manganese superoxide dismutase). In the regulation of H2S activity, S-adenosyl L methionine (SAM) and pyridoxal phosphate (vitamin B6) are also included as significant regulators of homocysteine metabolism.
           Gasotransmitter CO is synthesized endogenously under the effect of specific enzyme heme oxidase HO-1 and is involved in the maintenance of structure and function of cardiovascular system and the pathophysiology of cardiovascular diseases, together with NO and H2S. HO-1 is considered to play positive roles in the homeostasis of cardiovascular system, bearing in mind the production of antioxidant and vasomodulatory substances which appear with the activation of this enzyme. It was described that modulation of vital enzymes in the synthesis of NO and H2S considerably changed the expression of HO-1 and production of CO.
           The role of oxidative stress in the pathogenesis of over two hundred acute and chronic diseases (including cardiovascular diseases) has been well-known so far. However, mutual interaction of oxidative stress and gasotransmitters in the conditions of hyperhomocysteinemia, as well as its possible effects on cardiovascular system has hardly been investigated.
2.2. Evaluation of the doctoral thesis as a result of authentic scientific research of the candidate in respective domain

         The detailed examination of literature and systematic search through biomedical databases “Medline” and “Cochrane database of systematic reviews” using key words "homocysteine”, “oxidative stress”, “nitric oxide”, “carbon monoxide”  and “hydrogen sulfide” revealed that no study had been conducted so far where the significance and role of homocysteine on cardiovascular system were done especially regarding the substances similar to homocysteine, various gasotransmitters and oxidative stress, that were similar to this work in the form and contents. Therefore, the Commission states that doctoral thesis done by the candidate Dr Vladimir Živković, assistant, titled “The effects of homocysteine and homocysteine related compounds on cardiodynamics and coronary flow in the isolated rat heart: the role of gasotransmitters and oxidative stress” is a result of authentic scientific research in the field of physiology of cardiovascular system. 
2.3. Review of achieved results of the candidate in specific scientific domain

A. Dr Vladimir Živković, assistant in the field of Physiology at Faculty of Medical Sciences, University of Kragujevac is an author or co-author of 17 (seventeen) scientific papers in the field of basic and applied physiology.
The first study aimed to investigate the oxidative status of 30 elite karate athletes (during the training process) in resting condition and after the loading. It was found that a carefully planned physical activity did not lead to oxidative stress, as opposed to acute physical load. The study was published in the journal category М23  (Vojnosanit Pregl. 2009; 66(7): 551-5).

The second research studied the effects of glucagon on ischemic vasodilation in isolated rat heart, with a special focus on oxidative stress parameters. It has been shown that glucagon may play an important role in the control of coronary circulation during ischemia through the mechanisms involving secretion and activity of both nitric oxide (NO) and histamine. The research was published in the journal category М22  (J Biom Biotech 2010; 2010: 231832).

The third study examined the connection between fetal distress and oxidative stress in 22 mothers and newborns with fetal distress. The results of this study confirmed the existence of oxidative stress in mothers and newborns with fetal distress, which may be of great importance in planning of anti-oxidative supplementation during pregnancy and after childbirth. The study was published in the journal category М23 (Oxidat Med Cell Long 2010; 3 (3): 214-8).

The fourth study aimed to investigate the effect of different types of sports (rowing, cycling, taekwondo), оn development of oxidative stress during progressive exercise test. The results showed that the type of sporting activity (in terms of aerobic/anaerobic characteristics) did not have significant impact on the production of free radicals and thus to a greater or lesser degree of oxidative damage. The study was published in the journal category М23 (Mol Cell Biochem 2011; 355(1-2): 273-9).

The fifth study examined the correlation between von Vilebrandovog factor (vWF), oxidative stress parameters and various forms of acute coronary syndrome (ACS). The study included 115 patients with different forms of ACS, and suggested that vWF could be a useful marker in predicting adverse cardiovascular events; it confirmed the usefulness of anti-oxidant supplementation in these patients. The study was published in the journal category М23 (Oxid Med Cell Longev 2011; 2011:918312).

The next investigation was aimed at assession the influence of three-month training process on redox status of elite karate athletes. After subjecting athletes to progressive exercise test (at the beginning and at the end of the training cycle) it has been shown that, although chronic physical activity generally reduces the effect of anti-oxidant defence system, during acute bout of exercise, the response of mentioned system is maintained. The investigation was published in the journal category М23  (Chin J Physiol. 2012; 29;55(1):8-15).

Other study investigated the acute toxic effects of organic and inorganic platinum compounds on contractility and coronary flow in isolated rat heart. It has been concluded that inorganic palladium compounds (as opposed to organic) induced a marked depression of myocardial function, which may be of importance in acute poisoning by this metal. The study was published in the journal category М22 (Med Chem. 2012; 8(1):9-13).
The next research studied the effects of nitroglycerin on hemodynamic characteristics of portal circulation and oxidative status in patients with portal hypertension. The study included 39 patients with clinically verified portal hypertension. An impaired endothelial function of portal circulation and increased production of free radicals were observed, which indicates the potential usefulness of antioxidants in these patients. The research was published in the journal category М22 (World J Gastroenterol. 2012; 18(4):331-9).

Оther prospective study was aimed at investigation of the clinical efficacy of distal venous anastomosis (DVA) in 60 patients with critical ischemia of the lower extremities, by determining their redox status. It has been shown that the DVA do not influence the development of oxidative damage in these patients, which confirmed the validity of this surgical procedure. The study was published in the journal category М23 (Eur Surg Res. 2012; 48(4):200-7).

The next investigation compared the redox status of athletes (58 young handball) and non-athletes (37 medical students) who underwent maximal exercise test. The research has highlighted the difference of response to the sport efforts of athletes and non-athletes, as well as that ongoing physical activity has a major influence on redox balance. The investigation was published in the journal category М23 (Gen Physiol Biophys 2012; 31(2): 211-9).

In a study whose aim was to investigate the acute and direct effect of different homocysteine compounds on contractility, coronary flow and oxidative stress in isolated rat heart, it has been shown that L isoform of this amino acid has the most negative influence on cardiodynamics, as well as  that effects of these compounds are not mediated via oxidative stress. The study was published in the journal category М23 (Mol Cell Biochem. 2012; 370(1-2):59-67).

The goal of following research was to determine the relationship between carotid artery intima-media wall thickness (IMT) and flow-mediated endothelium-dependent vasodilatation (FMD) in 52 patients with rheumatoid arthritis. The results showed the existence of increased wall thickness and impaired endothelial response to vasodilation, which indicated the presence of early еndothelial dysfunction and accelerated atherosclerosis in these patients. The research was published in the journal category М23 (Vasa. 2012; 41(5):343-51).

The study which aimed to elucidate the effect of sport-specific and nonspecific bouts of exercise on athletes' redox state, concluded that short and intense physical activity potentiates oxidative stress, as opposed to sport-specific training (which includes a warm up period), which may be important in plannning adequate training process. The study was published in the journal category М23 (Oxid Med Cell Longev. 2012;2012:805850).

The next investigation was aimed to evaluate the influence of the six-month training programme on redox status of young soccer players, aged 12-13 years. The obtained results suggested that carefully programmed physical activity, similar to the previous study, had positive effects on the redox balance. The investigation was published in the journal category М23  (Acta Physiol Hun 2013; 100(1): 64-76).  

In a study that examined the acute effect of different COX inhibitors on oxidative stress in isolated rat heart (with special focus on L-arginin/NO system), it has been shown that from all estimated COX inhibitors, only aspirin induced oxidative stress, probably via blockade of NO synthesis. The study was published in the journal category М23 (Mol Cell Biochem. 2013; 381(1-2):301-11).

The next research was aimed to assess the effect of hyperbaric oxygen (HBO) on prosthetic rehabilitation of patients with unilateral lower limb amputation. Based on these results it has been concluded that HBO therapy certainly improves prosthetic rehabilitation, which confirmed validity of using the mentioned therapy (as adjuvant) in these patients. The research was published in the journal category М23 (Undersea Hyperb Med. 2013; 40(3):289-97).

The goal of the latest study was to clarify the acute effect of different COX inhibitors on contractility and coronary flow in isolated rat heart. The obtained results indicated that only aspirin did not impair function of the intact myocardium, as well as that interaction between COX and L-arginin/NO system trully exists in coronary circulation. The study was published in the journal category М23 (Exp Clin Cardiol. 2013; 18(2):e102-10).

B. List of published papers (minimum precondition for the defense of doctoral thesis)


· Pesić S, Jakovljević V, Cubrilo D, Zivković V, Jorga V, Mujović V, Stojimirović B. Oxidative status evaluation in elite karate athletes during training process
. Vojnosanit Pregl. 2009; 66(7): 551-5. М23 – 3 points
· Rosic M, Pantovic S, Rosic G, Tomic-Lucic A, Labudovic T, Zivkovic V, Jakovljevic V. Glucagon effects on ischemic vasodilatation in the isolated rat heart. J Biomed Biotechnol. 2010;2010:231832. М22 – 5 points
· Raicevic S, Cubrilo D, Arsenijevic S, Vukcevic G, Zivkovic V, Vuletic M, Barudzic N. Andjelkovic N, Antonović O, Jakovljevic V. Oxidative stress in fetal distress: Potential prospects  for  diagnosis.  Oxid  Med  Cell  Long 2010; 3(3): 214-8. М23 – 3 points
· Cubrilo D, Djordjevic D, Zivkovic V, Djuric D, Blagojevic D, Spasic M, and Jakovljevic V. Oxidative stress and nitrite dynamics under maximal load in elite athletes: relation to sport type. Mol Cell Biochem. 2011 Sep; 355(1-2):273-9. М23 – 3 points
· Koprivica Z, Djordjevic D, Vuletic M, Zivkovic V, Barudzic N, Andjelkovic N, Djuric D, Iric-Cupic V, Krkeljic J, Jakovljevic V. Von Willebrand factor and oxidative stress parameters in acute coronary syndromes. Oxid Med Cell Longev. 2011;2011:918312. М23 – 3 points
· Pesic S, Jakovljevic V, Djordjevic D, Cubrilo D, Zivkovic V, Jorga V, Mujovic V, Djuric D and Stojimirovic B. Exercise-induced changes in redox status of elite karate athletes. Chin J Physiol 2012; 55(1): 8-15. М23 – 3 points
· Vujanac A, Jakovljevic V, Djordjevic D, Zivkovic V, Stojkovic M, Celikovic D, Andjelkovic N, Skevin AJ, Djuric D. Nitroglycerine effects on portal vein mechanics and oxidative stress in portal hypertension. World J Gastroenterol. 2012 Jan 28;18(4):331-9. М22 – 5 points
· Peric T,  Jakovljevic VLj, Zivkovic V, Krkeljic J, Petrovic ZD, Simijonovic D, Novokmet S, Djuric DM, Jankovic SM. Toxic Effects of Palladium Compounds on the Isolated Rat Heart. Med Chem 2012; 8(1): 9-13. М22 – 5 points
· Djoric P, Zeleskov-Djoric J, Stanisavljevic DM, Markovic ZD, Zivkovic V, Vuletic M, Djuric D, Jakovljevic V. Distal Venous Arterialization and Reperfusion Injury: Focus on Oxidative Status. Eur Surg Res. 2012 Jun 7;48(4):200-207. М23 – 3 points
· Djordjevic DZ, Cubrilo DG, Barudzic NS, Vuletic MS, Zivkovic VI, Nesic M, Radovanovic D, Djuric DM, Jakovljevic VLj. Comparison of blood pro/antioxidant levels before and after acute exercise in athletes and non-athletes. Gen Physiol Biophys. 2012 Jun;31(2):211-9. М23 – 3 points
· 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. М23 – 3 points
· Veselinovic MV, Zivkovic VI, Toncev S, Tasic N, Bogdanovic V, Djuric DM, Jakovljevic VLj. Carotid artery intima-media thickness and brachial artery flow-mediated vasodilatation in patients with rheumatoid arthritis. Vasa. 2012 Sep;41(5):343-51. М23 – 3 points 

· Djordjevic DZ, Cubrilo DG, Puzovic VS, Vuletic MS, Zivkovic VI, Barudzic NS, Radovanovic DS, Djuric DM, Jakovljevic VLj. Changes in Athlete's Redox State Induced by Habitual and Unaccustomed Exercise. Oxid Med Cell Longev. 2012;2012:805850. М23 – 3 points
· Zivkovic V, Lazarevic P, Djuric D, Cubrilo D, Macura M, Vuletic M, Barudzic N, Nesic M, Jakovljevic V. Alteration in basal redox state of young male soccer players after a six-month training programme. Acta Physiol Hun 2013; 100(1): 64-76. М23 – 3 points
· Barudzic N, Turjacanin-Pantelic D, Zivkovic V, Selakovic D, Srejovic I, Jakovljevic J, Djuric DM, Jakovljevic VLj. The effects of cyclooxygenase and nitric oxide synthase inhibition on oxidative stress in isolated rat heart. Mol Cell Biochem. 2013 Sep;381(1-2):301-11. М23 – 3 points
· Zivkovic V, Djuric D, Turjacanin-Pantelic D, Marinkovic Z, Stefanovic D, Srejovic I, Jakovljevic V. The effects of cyclooxygenase and nitric oxide synthase inhibition on cardiodynamic parameters and coronary flow in isolated rat hearts. Exp Clin Cardiol. 2013 Spring;18(2):e102-10. М23 – 3 points
· Simanic I, Teofilovski M, Paspalj D, Radotic M, Djordjevic D, Zivkovic V, Jakovljevic V. Hyperbaric oxygenation accelerates prosthetic rehabilitation of lower limb amputees. Undersea Hyperb Med. 2013 May-Jun;40(3):289-97. М23 – 3 points
2.4.   Evaluation of required scope and quality of the submitted thesis

          The title of doctoral thesis and the performed research are coherent. The aims of the research are identical to those approved in the application of the thesis.

           Doctoral thesis of Dr Vladimir Živković, assistant, was written on 269 pages and contains the following chapters: Introduction, Aims of Research, Material and Methods, Results, Discussion, Conclusions and Literature. The work includes 31 Tables, 6 Figures, 28 Graphs, while 599 quotations of bibliographic units from domestic and foreign scientific publications were listed in the chapter Literature.
            Two hundred and twenty-five rats (Wistar, albino, males, aged 8 weeks, body weight 250±50 g) had the hearts isolated and perfused by using retrograde perfusion method according to Lagendorff (Langendorff apparatus, Experimetria Ltd, 1062 Budapest, Hungary) at constant coronary perfusion pressure of 70 cm H2О. All experimental procedures were performed in accordance with the legal acts (EU Directive for the Protection of the Vertebrate Animals used for Experimental and other Scientific Purposes 86/609/ЕЕС) and ethical principles. Experimental protocol was approved by Ethical Committee at Faculty of Medical Sciences, University of Kragujevac. 
            The research included fifteen (15) experimental groups (15 animals per group): 1) control group (perfusion with complex Krebs-Hensenleit physiological solution), 2) administration of DL homocysteine (10(mol/l), 3) administration of DL homocysteine thiolactone hydrochloride (10(mol/l), 4) administration of L homocysteine thiolactone hydrochloride (10(mol/l), 5) administration of zinc protoporphyrin IX (10(mol/l), 6) administration of DL-propargylglycine (10(mol/l), 7) co-application of DL homocysteine (10(mol/l) plus L-NAME (30(mol/l), 8) co-application of DL homocysteine (10(mol/l) plus zinc protoporphyrin IX (10(mol/l), 9) co-application of DL homocysteine (10(mol/l) plus DL-propargylglycine (10(mol/l), 10) co-application of DL homocysteine thiolactone hydrochloride (10(mol/l) plus L-NAME (30(mol/l), 11) co-application of DL homocysteine thiolactone hydrochloride (10(mol/l) plus zinc protoporphyrin IX (10(mol/l), 12) co-application of DL homocysteine thiolactone hydrochloride (10(mol/l) plus DL-propargylglycine (10(mol/l), 13) co-application of L homocysteine thiolactone hydrochloride (10(mol/l) plus L-NAME (30(mol/l), 14) co-application of L homocysteine thiolactone hydrochloride (10(mol/l) plus zinc protoporphyrin IX (10(mol/l), 15) co-application of L homocysteine thiolactone hydrochloride (10(mol/l) plus DL-propargylglycine (10(mol/l).
           The values of coronary flow were determined fluorometrically. After the stable cardiac labor was established by the removal of left atrium and breakthrough mitral valve, the inserting of sensor (transducer BS4 73-0184, Experimetria Ltd, Budapest, Hungary) into the left ventricle was made possible, hence direct and continuous follow-up of left ventricle functions: a) dp/dt max – maximum rate of pressure change in the left ventricle, b) dp/dt min - minimum rate of pressure change in the left ventricle c) SLVP – systole left ventricle pressure, d) DLVP - diastole left ventricle pressure, e) HR – heart rate and f) MBP – medium perfusion pressure.
           The investigated substances were administered by continuous perfusion (minimum 5 min) until stable coronary pressure was achieved. In the collected samples of coronary venous effluent the following parameters were determined using spectrophotometric methods: lipid peroxidation index – measured as TBARS, nitrogen monoxide in the form of nitrite (NO2-), superoxide anion radical (O2-), and hydrogen peroxide (H2О2). 
          In the Introduction, the candidate presented current findings in the research of the role of homocysteine in very clear, detailed, and precise way. Especially, the candidate described the substances similar to homocysteine and their effect on cardiovascular system, specifically the roles of various gasotransmitters and oxidative stress in this phenomenon.

          In the second chapter, the aims of research and precise tasks in compliance with the aims were presented: the evaluation of the effects of acute administration of homocysteine and homocysteine related compounds on the cardiac muscle and coronary circulation in isolated heart of rats as well as the mechanisms of the obtained effects. In addition to general, the following aims were set as specific: to investigate the effects of gaseous signal molecules NO, H2S and CO in the maintenance of normal function and structure of cardiovascular system and to investigate the participation of various parameters of oxidative stress (nitrite NO2-), superoxide anion radical (O2-), lipid peroxide (TBARS) and hydrogen peroxide (H2О2) on cardiodynamic parameters of heart function and coronary flow.
          Material and methodology of work were identical to those listed in the application for the thesis; they are presented properly and precisely. Study sample consisted of 225 rats (Wistar albino, male, aged 8 weeks, body mass 250±50 g) which had their hearts isolated and perfused using the Langendorff method of retrograde perfusion (Langendorff apparatus, Experimetria Ltd, 1062 Budapest, Hungary), at constant coronary perfusion pressure of 70 cm H2О. All experimental procedures were performed in accordance with the proposed legislation (EU Directive for the Protection of the Vertebrate Animals used for Experimental and other Scientific Purposes 86/609/ЕЕС) and ethical principles. Experimental protocol was approved by Ethical Committee at Faculty of Medical Sciences, University of Kragujevac. 
           The research included fifteen (15) experimental groups (15 animals per group): 1) control group (perfusion with complex Krebs-Hensenleit physiological solution), 2) administration of DL homocysteine (10(mol/l), 3) administration of DL homocysteine thiolactone hydrochloride (10(mol/l), 4) administration of L homocysteine thiolactone hydrochloride (10(mol/l), 5) administration of zinc protoporphyrin IX (10(mol/l), 6) administration of DL-propargylglycine (10(mol/l), 7) co-application of DL homocysteine (10(mol/l) plus L-NAME (30(mol/l), 8) co-application of DL homocysteine (10(mol/l) plus zinc protoporphyrin IX (10(mol/l), 9) co-application of DL homocysteine (10(mol/l) plus DL-propargylglycine (10(mol/l), 10) co-application of DL homocysteine thiolactone hydrochloride (10(mol/l) plus L-NAME (30(mol/l), 11) co-application of DL homocysteine thiolactone hydrochloride (10(mol/l) plus zinc protoporphyrin IX (10(mol/l), 12) co-application of DL homocysteine thiolactone hydrochloride (10(mol/l) plus DL-propargylglycine (10(mol/l), 13) co-application of L homocysteine thiolactone hydrochloride (10(mol/l) plus L-NAME (30(mol/l), 14) co-application of L homocysteine thiolactone hydrochloride (10(mol/l) plus zinc protoporphyrin IX (10(mol/l), 15) co-application of L homocysteine thiolactone hydrochloride (10(mol/l) plus DL-propargylglycine (10(mol/l).

          The investigated substances were administered by continuous perfusion (minimum 5 min) until stable coronary pressure was achieved. In the collected samples of coronary venous effluent, the following parameters were determined using spectrophotometric methods: lipid peroxidation index – measured as TBARS, nitrogen monoxide in the form of nitrite (NO2-), superoxide anion radical (O2-), and hydrogen peroxide (H2О2). 

          The results of the research were systematically presented and well documented with 31 Tables, 6 Figures and 29 Graphs. The acute and direct effects of homocysteine and its metabolites on the isolated rat heart were shown to have implicated negative inotropic, chronotropic and lusitropic effects as well as vasoconstrictor influence on coronary endothelium, i.e. systolic and diastolic dysfunction and reduction of coronary flow. The obtained effects were more pronounced by use of both thiolation forms of homocysteine, which may be clinically significant in the determination of this homocysteine fraction in the plasma of patients with CD; the inhibition of the synthesis of CO and H2S brought to complete depression of cardiodynamics of the isolated rat heart and the reduction of coronary flow, which showed that those gasotransmitters may have had a role in the contraction of cardiomyocytes and the control of coronary vascular tonus. Since the mentioned effects were considerably stronger in the case of CO inhibition, the candidate concludes that this signal molecule is more significant in the physiology od myocardium and coronary circulation in comparison with other two gasotransmitters; During the inhibition of NO synthesis, homocysteine and its metabolites still show negative effects on the function of myocardium and reduce coronary flow, which indicates that NO does not play a significant role in the effects of homocysteine of the isolated rat heart; in the absence of CO, all the investigated forms of homocysteine showed stronger negative inotropic, chronotropic and lusitropic effects and reduction of coronary flow. Thus, it was proved that this gasotransmitter could play a very significant role in effects of homocysteine on the heart; although it was shown that H2S played a role in heart functioning and regulation of coronary tonus, in the conditions of acute effects of homocysteine on the heart, the mentioned transmitter did not significantly contribute to the change of the effects of this thiol, i.e. it seemed not to have had significant influence on cardiodynamic effects of the examined forms of homocysteine. The results of this study suggest that CO can be a gasotransmitter with most significant role in the effects of homocysteine and its metabolites on the isolated rat heart, i.e. the effects of homocysteine mostly depend on HO/CO signal pathway; the effects of homocysteine on the production of various reactive ROS in the heart depend on the form of this amino acid. Thus it seems that in its basic form (DL Hcy), homocysteine is the least harmful, i.e. it still may have potential antioxidative effect, although in an unclear way. On the other hand, thiolactones  also showed not to have induced oxidative stress. Generally, in this research, homocysteine and related compounds do not lead to the development of oxidative stress of the isolated rat heart; this means that acute cardiodynamic effects of various forms of homocysteine were most probably not mediated by oxidation damages, but by other mechanisms which demand further research; during the inhibition of CO synthesis, the production of majority of oxidation markers was reduced, which shows that this gasotransmitter could play a role in oxido-reductive processes in the heart; H2S does not contribute to the development of oxidative stress in myocardium and coronary circulation, but seems to have certain oxidative capacity which might be definitely confirmed in further studies; these results point to potential significance of gasotransmitters as new and ever more significant factors in the maintenance of redox balance in CD, which might be extremely important in the clarification and more appropriate explanation of many cardiovascular diseases with oxidative stress as an unavoidable fact in the pathogenesis of the disease; the role of L-arginin/NO system in oxidative effects of homocysteine depends primarily on the type of the present homocysteine. NО system does not have a significant influence on oxidative effects of basic form of this thiol, while the forms of thiolactone show stronger dependence on the presence of this gasotransmitter, which seems to diminish their oxidation potential; NO/CO system shows opposite influence on oxidative effects of homocysteine and thiolactone. While in the presence of DL Hey this gasotransmitter tries to confront oxidation damages, in the case of thiolactone it seems to stimulate their pro-oxidation effect; the influence of CSE/ H2S system on oxidative effects of homocysteine and the similar substances is, generally speaking, mildly oxidative. To say more precisely, homocysteine seems to show a smaller pro-oxidative effect in the presence of H2S in relation to the absence of production of this signal molecule; the presented results show that gasotransmitters may definitely play a role in oxidative effects of homocysteine in CDs, which might help with better identification and  understanding of these complex molecular interactions, whose participation in the pathogenesis of various CDs, hence in their more effective prevention and therapy, is unquestionable in the future. 
           In the Discussion chapter, the obtained results are analyzed and compared to the literature data. The comments on the obtained data are concise and their presentation is distinct and comprehensible. In the last paragraph of the chapter, the candidate suggests further research in this domain.

          Based on the previously presented facts, the Commission thinks that the completed doctoral thesis titled “The effects of homocysteine and homocysteine related compounds on cardiodynamics and coronary flow in the isolated rat heart: the role of gasotransmitters and oxidative stress” completely corresponds to the applied doctoral thesis in both scope and quality work.
2.5. Scientific results of doctoral thesis

       The most significant results of the research are contained in the following conclusions:
1. Acute and direct effects of homocysteine and its metabolites on the isolated rat heart imply negative inotropic, chronotropic and lusitropic effect and vasoconstrictor influence on coronary endothelium, i.e. systolic and diastolic dysfunction and reduction of coronary flow. The obtained effects were more pronounced when both thiolactone forms of homocysteine were used, which may be of clinical importance in the determination of these fractions of homocysteine in the plasma of the patients with cardiovascular diseases.

2. The inhibition of CO and H2S synthesis led to complete depression of cardio dynamics in the isolated rat heart and reduction of coronary flow, which showed that these gasotransmitters can play a role in the contraction of cardiomyocyte and the control of coronary vascular tonus. Since the mentioned effects were considerably stronger in the case of CO inhibition, the candidate concludes that this signal molecule is more important in the physiology of myocardium and coronary circulation in comparison to other two gasotransmitters. 
3. On the occasion of NO synthesis, homocysteine and its metabolites continue to show a negative effect on the function of myocardium and reduce coronary flow, which shows that NO does not play a significant role in the effects of homocysteine on the isolated rat heart.

4. In the absence of CO, all examined forms of homocysteine showed even stronger negative inotropic, chronotropic and lusitropic effect and greater decrease of coronary flow. Thus it was proved that this gasotransmitter could play a very significant role in the effects of homocysteine on the heart.
5. Although the role of H2S was shown in heart function and coronary tonus regulation, in the conditions of acute effects of homocysteine on the heart, the mentioned gasotransmitter does not significantly contribute to the change of effects of this thiol, i.e. it does not seem to have an important influence on cardiodynamic effects of the examined forms of homocysteine.
6. The results of this study suggest that CO may be a gasotransmitter which has the most significant role in the effects of homocysteine and its metabolites on the isolated rat heart, i.e. the effects of homocysteine most depend on the NO/CO signal pathway.
7. The effects of homocysteine on the production of various reactive ROS in the heart depend on the form of this amino acid. Thus, it seems that in its basic form (DL Hey), homocysteine is the least harmful, i.e. that it may have a potential antioxidant effect in a still unclear way.

8. Generally viewed, homocysteine and related compounds do not lead to the development of oxidative stress in the isolated rat heart in this research, which means that acute cardio dynamic effects of various forms of homocysteine are possibly not mediated by oxidative damages, but by other mechanisms which demand further research.
9. During the inhibition of CO synthesis, the production of majority of pro oxidative markers was reduced, which shows that this gasotransmitter may play a role in oxidoreduction processes in the heart.

10. H2S does not contribute to the development of oxidative stress in the myocardium and coronary circulation, but it seems to have certain antioxidative capacity, which could be definitely confirmed in the further studies. 
11. These results refer to the potential importance of gasotransmitters as new and ever more important elements in the maintenance of redox balance of cardiovascular system, which might be extremely significant for clarification and more appropriate explanation of many cardiovascular diseases, in whose pathogenesis oxidative stress has an unavoidable role.  
12. The role of L-arginine/NO system in oxidative effects of homocysteine primarily depends on the form of the present homocysteine. NO system does not have strong influence on oxidation effects of basic form of this thiol, while the forms of thiolactone show stronger dependence on the presence of this gasotransmitter, which seems to reduce their oxidation potential.

13. HO/CO system shows the opposite influence on oxidative effects of homocysteine and thiolactone. While in the presence of DL Hey this gasotransmitter tries to oppose to oxidation damages, it seems that thiolactone stimulates their pro oxidation effect.
14. The influence of CSE/H2S system on oxidation effects of homocysteine and the similar substances is, on the whole, mildly antioxidative. To be more precise, it seems that homocysteine shows lower pro oxidative effect in the presence of H2S in comparison to the absence of production of this signal molecule.
15. The obtained results show that gasotransmitters can definitely play a role in oxidation effects of homocysteine on cardiovascular system, which can help with better identification and understanding of these complex molecular interactions, whose participation in the pathogenesis of various cardiovascular diseases is undoubted, and thereby their more efficient prevention and therapy in the future.
2.6. The applicability and utility of results in theory and practice 

         The results of this study unambiguously show that the effects of homocysteine and the related compounds are inseparably connected with the gasotransmitters and oxidative stress, and that its effect on individual gaseous transmitters depends on the characteristics of specific isoforms of homocysteine.

2.7. The modes of result presentation to the scientific audience

          Final results of the research have been published so far in the journals with international indices, and the publication of several papers as a part of authentic research in internationally significant journals is planned as well.

   CONCLUSION

            According to what was previously said, the Commission for evaluation and defense of the doctoral thesis “The effects of homocysteine and homocysteine related compounds on cardiodynamics and coronary flow in the isolated rat heart: the role of gasotransmitters and oxidative stress” done by candidate Dr Vladimir Živković, assistant, holds that the research in the thesis was based on the current knowledge and precisely conceived methodology and carried out adequately and in detail. The obtained results are distinct, clear and well discussed and hence make significant contribution to the solution of the actual and insufficiently studied and treated issues.
           The Commission thinks that this doctoral thesis of the candidate Dr Vladimir Živković, assistant, done under the mentorship of Professor Vladimir Jakovljević, PhD, is an authentic scientific contribution of great scientific and practical importance in the study and examination of the role of homocysteine, especially from the viewpoint of the role of gasotransmitters and oxidative stress in this phenomenon.

           The Commission has a great pleasure to propose to Academic-Scientific Council at Faculty of Medical Sciences, University of Kragujevac, positive evaluation and hence approval for public defense of the thesis “The effects of homocysteine and homocysteine related compounds on cardiodynamics and coronary flow in the isolated rat heart: the role of gasotransmitters and oxidative stress” done by candidate Dr Vladimir Živković, assistant.
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