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1. Abbreviations 

 

AIF   Apoptosis-inducing factor 

Ang II   Angiotensin II 

AP-1   Activating protein-1 

ASI   Aortic stiffness index 

ERK1/2  Extracellular signal regulated kinase 

IMT   intima media thickness 

JAK/STAT  Janus kinase/signal transducer and activator of transcription 

JNK   c-jun N-terminal kinase 

MAPK   mitogen activated protein kinase 

MKP-1  MAP-kinase phosphatase-1 

NAD
+   

Nicotinamide adenine dinucleotide 

NF-kB   Nuclear factor kappa-light-chain-enhancer of activated B cells 

NO   Nitric oxide 

PARP   Poly(ADP-ribose)polymerase 

PGI   Prostacyclin 

PKC   Protein kinase C 

RES   Resveratrol 

RIP1   Receptor-interacting protein 1 

ROS   Reactive oxygen species 

RNS   Reactive nitrogen species 

SHR   Spontaneous hypertensive rat 

SNP   Sodium nitroprusside 

WKY   Wistar-Kyoto rat 
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2. Background  

 

2.1. PARP inhibition in the prevention of vascular remodeling  

Hypertension is a major public health problem mainly in middle-aged and in elderly people. It 

is both a complex disease and an important risk factor for other cardiovascular outcomes, such 

as sudden cardiac death, stroke, myocardial infarction, heart failure, renal diseases and 

peripheral vascular diseases. Unfortunately, the control of arterial hypertension is far from 

optimal and only minimally improved over the last decades. Side effects of antihypertensive 

drugs and complaints due to their blood pressure lowering effect are the key factors in the 

background of inadequate hypertension control (1-5). Hypertension alters the structure and 

function of blood vessels. These structural alterations which affect every layer of vascular 

wall involve changes in cell growth, cell death, cell migration, and production or degradation 

of extracellular matrix. This active process is also known as vascular remodeling. Remodeling 

is an adaptive process that occurs in response to long-term changes in hemodynamic 

conditions, but it may also subsequently contribute to the pathophysiology of vascular 

diseases and circulatory disorders (7-8). 

 

2.1.1. Oxidative stress and consequent activation of poly(ADP-ribose)polymerase enzyme in 

hypertension 

Reactive oxigen species (ROS) and reactive nitrogen species (RNS) have an important 

pathological role in the developement of cardiovascular diseases. ROS generation occurs in 

every layer of the vascular wall caused by mechanical forces such as shear stress and 

vasoactive agents like Angiotensin II (Ang II). This is a consequence of excess production of 

oxidant agents, decreased antioxidant capacity and decreased bioaviability of nitric oxide 

(NO) which has a prominent part in the maintenance of elevated peripheral resistance. The 

major sources of ROS are NADPH oxydase, nitric oxide synthase, lipoxygenases, cyco-

oxygenases, xanthine oxidase and cytochrome P450 enzymes and the mitochondrial 

respiratory chain (9-10). For instance H2O2 at low concentration plays an important role in 

intracellular signaling in the vasculature such as regulating vascular tone, cell growth and 

proliferation, cytoskeletal reorganisation, barrier functions, inflammatory responses and 

vascular remodeling. When it is produced in higher concentrations it causes oxidative injury 

in tissues by oxidating proteins and lipids and inducing DNA strand breaks. Another 

important oxidative agent is peroxynitrite (ONOO
-
) which is generated in the reaction of 
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superoxide anions (O2
-
) and nitric oxide (NO) when the level of these molecules are very high 

in tissues. In this case the reaction of these two molecules is favoured instead of superoxide 

with SOD and NO with heme (11). Peroxynitrite can also induce pathophysiological 

aterations like protein modifications from which tyrosine nitration is the most known, DNA 

modifications, alterations in signal transduction pathways, changes in inflammatory 

responses, endothelial glycocalyx disruption, up-regulation of adhesion molecules in 

endothelial cells and leading to cell death through apoptosis and necrosis in endothelial and 

vascular smooth muscle cells. Products of oxidative injury, such as 3-nitrotyrosine, are used 

as biomarkers of oxidative stress in tissues (12). 

Furthermore, ROS-induced injury of the ion channels and the decreased amount of high 

energy phosphates can lead to profound alteration is smooth muscle cell calcium homeostasis 

and therefore to increased smooth muscle cell proliferation and contractility (13-16). 

ROS and especially ONOO
-
 are responsible for single-strand DNA breakage and consequent 

poly(ADP-ribose) polymerase 1 (PARP) activation. PARP is a highly conserved 116 kDa 

weight nuclear enzyme. It has several physiological cellular functions like DNA repair, gene 

transcripition, cell cycle progression. However, severe DNA damage like single and double 

strand breaks leads to the activation of the nuclear enzyme poly(ADP-ribose) polymerase 

(PARP) which uses the energy sources of cells by transferring ADP-ribose units from NAD
+ 

to nuclear proteins such as histones and PARP-1 itself. This process results rapid depletion of 

NAD
+
 and intracellular ATP pools and impaired mitochondrial respiration, leading to cellular 

dysfunction, apoptosis or necrosis (17-18).  

 

2.1.2 Cell signaling mechanism in hypertension 

The increased vascular tensile stress, the oxidative stress and neurohumoral factors in 

hypertension equally influence the activity of downstream signaling molecules (19). The most 

important signaling pathways are the Jak/STAT system, several PKC isoenzymes and MAP 

kinases (19-21). MAPKs are protein-serine/threonine kinases that are involved cell 

differentiation, cell growth and apoptosis. 

One of the consequences of oxidative stress-induced cellular injury is the significant increase 

in the formation of single stranded DNA breaks which activates poly(ADP-

ribose)polymerase-1 (PARP-1) (22-23) leading to the depletion of cellular NAD
+
 and ATP 

pools slowing the rate of glycolysis and mitochondrial respiration, so eventually PARP 

activation leads to cellular dysfunction and death (24-26) . 
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PARP activation can induce ROS production, calcium elevation, and activates JNK, p38 MAP 

kinase and RIP1 which can destabilize mitochondrial membrane system leading to the release 

pro-apoptotic proteins from the mitochondrial inner membrane space, like Cytochrome C, 

AIF and endonuclease G (27-29).  In addition, PARP activation can activate NF-kappaB and 

AP-1 transcription factors (30-31) which can contribute to cardiovascular remodeling (32-33).   

 

2.1.3 Experimental model of chronic hypertension 

The spontaneously hypertensiv rat model (SHR) is a widely used model for studying the 

development and the consequences of hypertension. Several similar features between human 

primary hypertension and hypertension in SHR were showed both in pathophysiology and the 

clinical course of this disease. Okamoto and Aoki developed originally SHR strain during the 

1960s by selective breeding Wistar Kyoto rats with high blood pressure. SHRs start to 

develop persistent hypertension after approximately 6 weeks of age but the cause of the rising 

blood pressure remains unknown. Their systolic blood pressure reaches 200-220 mmHg by 

adulthood. Between the age of 40 and 50 weeks they start to develop vascular and myocardial 

hypertrophy. These rats are also characterized by altered vascular tone, increased vascular 

contractility and by the reduction of distensibility and vascular compliance resulting from 

wall media hypertrophy and endothelial dysfunction also develops (34).  

In our research, as PARP-inhibitor L-2286 was used. L-2286 is derived from 2-mercapto-

4(3H)-quinazoline by alkylation with 1-(2- chloroethyl)piperidine (35). L-2286 was chosen, 

because in an vitro PARP assay it exhibited significantly better PARP inhibitory activity than 

basic qiunazolines such as 4-hydroxyquinazoline or 2-merkapto-4(3H)-quinazolinone (36) 

(Figure 1.) 

 

 

 

  

 

 

 

 

 

 
Figure 1. Chemical structure of L-2286 (2-[(2-Piperidine-1-yethyl)thio]quinazoline-4(3H)-one. 
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2.2. Biological effects of resveratrol 

 

French people tend to have a lower incidence of cardiovascular diseases despite having 

similar coronary risk factors as people in other industrialized countries, which phenomenon is 

known as the French paradox and attributed to the higher red wine intake by the French (37). 

Red wine contains high amount of polyphenolic compounds like resveratrol (trans-3,4,5-

trihydroxystilbene), epicatechin, catechin, gallic acid, quercetin. Primarily resveratrol is 

thought to be responsible for the cardioprotective effect of red wine. Several studies supported 

its antioxidant activity, its ability to decrease low-density lipoprotein (LDL) oxidation (38), 

and function as a direct free radical scavenger (38). Resveratrol improves endothelial 

function, and has numerous beneficial effects on vascular tone and vessels in human and 

animal models. It has been shown that resveratrol improves the release of nitric oxide (NO) 

and prostacyclin (PGI) which both play a prominent role in the maintenance of endothelial 

function (39). In endothelial cells obtained from human umbilical vein, resveratrol enhanced 

the activity of endothelial nitric oxide synthase (eNOS) promoter. (40). In other in vitro 

human investigations resveratrol resulted in NO depending relaxation of vascular rings of 

saphenous vein and internal mammary artery (39). Furthermore resveratrol plays an important 

role in the mitigation of platelet aggregation (41). The protective effect of resveratrol against 

thrombosis can be explained by the regulation of prostaglandin synthesis with reversible 

cyclooxygenase 2 (COX2) and irreversible cyclooxygenase 1 (COX1) inhibition. On 

thromboxane A2 (TXA2), which is produced by COX1 in platelets and enhances aggregation, 

resveratrol also has an inhibitory effect (42). 

It has already been shown that resveratrol reduces serum cholesterol and triglyceride levels in 

rats (38). It has also been observed that the size, and the density of atherosclerotic lesions in 

the thoracic aorta as well as the thickness of intima were decreased and flow mediated 

http://en.wikipedia.org/wiki/Cyclooxygenase_2_inhibitors:_drug_discovery_and_development
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dilatation (FMD) was improved by resveratrol (43). Several experiments have been carried 

out on FMD of the brachial artery, showing the ability of endothelium dependent dilatation of 

a vessel, which was further increased by red grape polyphenol extract (44).  

 

 

 

3. Aims of the study 

3.1. We tried to reveal the potential role of PARP activation in the pathogenesis of chronic 

hypertension-induced vascular remodeling. 

3.1.1. The aim of this work was to provide evidence for a new molecular mechanism 

of the vasoprotective effect of PARP inhibition. 

3.1.2. We tried to provide evidence whether long-term treatment with L-2286 could 

beneficially influence intima-media thickness of carotid arteries and aortic 

stiffness index 

3.1.3. We tried to prove the protective effect of L-2286 on vasomotor dysfunction 

3.1.4. We estimated the fibrosis decreasing effect 

3.1.5. We tested whether PARP inhibition had beneficial effect on signal transduction 

pathways taking part in vascular remodeling 

 

 

3.2. We investigated if resveratrol had a clinically measurable cardioprotective effect in 

patients after myocardial infarction receiving proper secondary preventive drug 

treatment. 

3.2.1. We tried to examine the effect of resveratrol treatment on echocardiographic 

parameters. 

3.2.2. We hypotethised that resveratrol could enhance endothelial function.  

3.2.3. We tested whether resveratrol influenced different hemorheological and 

laboratory parameters. 
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4. Materials and methods 

 

4.1. Animal model and noninvasive blood pressure measurement 

Ten-week-old male SHR rats obtained from Charles River Laboratories (Budapest, Hungary) 

were randomly divided into two groups. One group received no treatment (SHR-C, n = 10), 

whereas the other group (SHR-L, n = 10) received 5 mg/b.w. in kg/day L-2286 (2-[(2-

Piperidine-1-ylethyl)thio]quinazolin- 4(3H)-one), a water-soluble PARP inhibitor for 32 

weeks. The third group was an age-matched normotensive control group (WKY-C, n=10, 

Charles River Laboratories, Budapest, Hungary). The fourth was a normotensive age-matched 

group receiving 5 mg/b.w. in kg/day L-2286 treatment (WKY-L, n=10). The dose of L-2286 

was based on our previous results with this PARP inhibitor (45,46).  According to these data, 

L-2286 can exert protective effects against oxidative cell damage in concentration of 10 μM. 

The serum concentration of L-2286 in the applied dose (5 mg/kg/day) with an estimated 

average bioavailability is approximately 10 μM in rats. L-2286 was dissolved in drinking 

water on the basis of preliminary data about the volume of daily consumption, but the water 

was provided ad libitum throughout the experiment. Before the administration of L-2286 and 

at the end of the 32-week treatment period, ultrasound measurements were performed. 

Noninvasive blood pressure measurement was carried out in every fourth week from the 

beginning of the study using tail-cuff method (Hatteras SC 1000 Single Channel System) 

(47). At the end of the study animals were euthanized with an overdose of ketamine 

hydrochloride intraperitoneally and heparinized with sodium heparin (100 IU/rat i.p., 

Biochemie GmbH, Kundl, Austria). Carotid arteries and aortas were removed under an 

Olympus operation microscope and were freeze-clamped and stored at -70
o
C or fixed in 10% 

formalin. The investigation conforms with the Guide for the Care and Use of Laboratory 

Animals published by the US National Institutes of Health (NIH Publication No. 85-23, 

revised 1996), and was approved by the Animal Research Review Committee of the 

University of Pecs Medical School. 

 

4.2. Transthoracic echocardiography  

At baseline, all animals were examined by ultrasound to exclude rats with any abnormalities. 

Two-dimensional ultrasound was performed under inhalation anesthesia at the beginning of 

the experiment and on the day of sacrifice. Rats were lightly anesthetized with a mixture of 

1.5% isoflurane and 98.5% oxygen. The necks and the upper part of the chests of the animals 

were shaved, acoustic coupling gel was applied, and warming pad was used to maintain 
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normothermia. Aortic stiffness index (ASI) and intima-media thickness of carotid arteries 

(IMT) were measured by a VEVO 770 high-resolution ultrasound imaging system 

(VisualSonics, Toronto, Canada) - equipped with a 40 MHz transducer. Aortic elastic 

property was calculated according to a previously proposed and evaluated formula (48): (ASI) 

= ln(SBP/DBP)×DD/(SD−DD). 

 

4.3. Isometric force measurement 

The method was performed according to a standard protocol. The common carotid arterial 

(CCA) ring isolated from WKY, SHR-C and SHR-L rats. The contractile force was measured 

isometrically by using standard bath procedures as described previously (49). After ketamin-

xylasin anesthesia the carotid arteries were removed, quickly transferred to ice cold (4°C) 

oxygenated (95% O2 and 5% CO2) physiological Krebs solution (PSS), and dissected into 5-

mm rings. Each ring was positioned between two stainless steel wires (diameter 0.0394 mm) 

in a 5-ml organ bath of a Small Vessel Myograph (DMT 610M, Danish Myo Technology, 

Aarhus, Denmark). The normalization procedure was performed to obtain the basal tone to 

1.0 g (13,34 mN), and artery segments were allowed to stabilize for 60 min before 

measurements. The software Myodaq 2.01 M610+ was used for data acquisition and display. 

The rings were precontracted and equilibrated for 60 min until a stable resting tension was 

acquired. Tension is expressed as a percentage of the steady-state tension (100%) obtained 

with isotonic external 60mM KCl. Cumulative response curves were obtained for Sodium 

Nitroprussid (SNP), Acetil choline (ACh), and KCl in the presence of endothelium. The bath 

solution was continuously oxygenated with a gas mixture of 95% O2 plus 5% CO2, and kept at 

36.8°C (pH 7.4). In the first series of experiments, the carotid rings were exposed to 

increasing doses of SNP (10
-9

 to 10
-5

 mol/L), ACh (10
-9

 to 10
-5

 mol/L) and in some 

experiments, arterial rings showing relaxation to ACh of more than 70% were counted as 

endothelium intact. At the end of the experiments the administration of 60 mM KCl was 

repeated to examine the viability of the carotid arteries. Each experiment was carried out on 

rings prepared from different rats. The composition of PSS (in mMol) was 119 NaCl, 4.7 KCl, 

1.2 KH2PO4, 25 NaHCO3, 1.2 Mg2SO4, 11.0 glucose and 1.6 CaCl2. 
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4.4. Immunohistochemistry and confocal laser fluorescence microscopy 

Carotid arteries and aortic segments separated for immunohistochemical and 

immunfluorescence processing were fixed immediately after excision in buffered 

paraformaldehyde solution (4%) for 1 day. Five mircometer thick sections were cut.  

Immunohistochemical staining was performed for nitrotyrosine and for poly(ADP-ribose) 

(PAR). Primary antibodies used for the stainings were monoclonal mice anti-nitrotyrosine 

antibody (Upstate, Chicago, USA) and anti-PAR (Alexis Biotechnology, London, UK). 

Binding was visualized with biotinylated secondary antibody followed by the avidin-biotin-

peroxidase detection system (Universal Vectastain ABC Elite Kit, Vector Laboratories, 

Burlingame, CA). Using 3,3’-diaminobenzidine (DAB) as the chromogen, progress of the 

immunoreaction was monitored under a light microscope and the reaction was stopped by the 

removal of the DAB. Some slices were stained with Masson’s trichrome staining to detect the 

interstitial fibrosis as described earlier and quantified with the NIH ImageJ analyzer system. 

All histological samples were examined by an investigator in a blinded fashion (50). 

Fluorescence immunohistochemistry was performed for apoptosis inducing factor (AIF), NF-

kappa B (NF-κB) and MAP kinase phosphatase-1 (MKP-1). Primary antibodies used for the 

staining were polyclonal rabbit antibodies (Cell Signaling Technology, Kvalitex Kft. and 

Santa Cruz Biotechnology). As secondary antibody donkey-anti-rabbit antibody (R and D 

Systems, NorthernLights, fluorochrome-labeled antibody; 1:200) was used. The stainings 

were finished by Hoechst (Sigma) counterstain. Sections were examined using a confocal 

laser scan microscope (Olympus Fluoview 1000). Recording for RRX (excited with the green 

laser, Helium-Neon) was followed by recording for Hoechst with a 405 nm laser. 

 

4.5. Western blot analysis 

Carotid arteries and aortic segments were homogenized in ice-cold 50 mM Tris-buffer, pH 8.0 

(containing protease inhibitor cocktail 1:1000, and 50 mM sodium vanadate, Sigma-Aldrich 

Co., Budapest) and harvested in 2x concentrated SDS–polyacrylamide gel electrophoresis 

sample buffer. Proteins were separated on 10 or 12% SDS–polyacrylamide gel electrophoresis 

sample buffer. After blocking (2 h with 3% non-fat milk in Tris-buffered saline), membranes 

were probed overnight at 4
o
C with antibodies recognizing the following antigenes: phospho-

specific Akt-1/protein kinase B-alpha
Ser473

 (1:1000), anti-actin (1:10000), phospho-specific 

extracellular signal regulated kinase (ERK 1/2)
Thr183-Tyr185

 (1:1000), phosphorylated p38 

mitogen-activated protein kinase
Thr180-Gly-Tyr182

 (p38 MAPK) (1:1000), phospho-specific c-Jun 
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N-terminal kinase (JNK) (1:1000), phosphorylated MAP kinase phosphatase-1
Ser359

 (MKP-1) 

anti poly(ADP-ribose) (anti-PAR, 1:5000). Antibodies were purchased from R and D 

Systems, Biomedika Kft., Hungary, except for anti-actin, which was bought from Sigma-

Aldrich Co, Budapest, Hungary and anti-PAR, which was bought from Alexis Biotechnology, 

London, UK. Membranes were washed six times for 5 min in Tris-buffered saline (pH 7.5) 

containing 0.2% Tween (TBST) before the addition of goat anti-rabbit horseradish 

peroxidase-conjugated secondary antibody (1:3000 dilution, Bio-Rad, Budapest, Hungary). 

The antibody–antigen complexes were visualized by means of enhanced chemiluminescence. 

After scanning, results were quantified by NIH Image J program. 

 

4.6. Electron microscopy 

For electron microscopy blocks were prepared from the same aortic segments that were used 

for light microscopy. 1-mm long blocks were cut from the aorta and were fixed in 4% 

buffered formaldehyde mixed with a 2,5% glutaraldehyde solution for 24 hours in 

refrigerator. After washing in phosphate buffer the samples were fixed in 1% osmium 

tetroxide in 0.1 M PBS for 35 minutes. After that the samples were washed after that in buffer 

several times for 10 minutes each and dehydrated in an ascending ethanol series, including a 

step of uranyl acetate (1%) solution in 70% ethanol to increase the contrast. Dehydrated 

blocks were transfered to propylene oxide before being placed into aluminum-foil boats 

containing Durcupan resin (Sigma) and then embedded in gelatin capsules containing 

Durcupan. The blocks were placed in termostate for 48 hours at 56
o
C. From the embedded 

blocks 1 micrometer thick semithin and serial ultrathin sections (70 nanometer) were cut with 

a Leica ultramicrotome, and mounted either on mesh, or on Collodion-coated (Parlodion, 

Electron Microscopy Sciences, Fort Washington, PA) single-slot, copper grids. Additional 

contrast was provided to these sections with uranyl acetate and lead citrate solutions, and they 

were examined with JEOL 1200EX-II electron microscope (50). 

 

4.7. Statistical analysis 

All data are expressed as mean ± SEM. Comparisons among groups were made by using 

Student’s t-test (SPSS for Windows 11.0). To post hoc comparison, Bonferroni test was 

applied. Values of p<0.05 were considered statistically significant. 
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5. Results 

 

5.1. Effect of L-2286 treatment on systolic blood pressure  

During the 32-week-long treatment period systolic blood pressure of hypertensive (SHR-C, 

SHR-L) rats were significantly higher than that of normotensive (WKY) rats (at the age of 10 

week SHR: 180±5.6 Hgmm, WKY: 130±5.4 Hgmm, at the age of 42 weeks SHR-C: 230±6.3, 

WKY-C: 130±5.4, WKY-L: 135±5.5 Hgmm) (p<0.05 SHR-C vs. WKYs). L-2286 treatment 

did not alter systolic blood pressure of SHR animals (SHR-C: 230±6.3, SHR-L: 225±2.4 

Hgmm) during the 32-week-long treatment period (Figure 2.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Systolic blood pressure values of normotensive (WKY-C, WKY-L) and hypertensive (SHR-C, SHR-L) 

rats. Values are means ±SEM. *p<0,05 (WKY vs. SHR). 

 

 

 

5.2. Effect of L-2286 administration on IMT of carotid arteries and on aortic stiffness 

At the beginning of the study there was no significant difference between the normotensive 

(WKY) and the hypertensive (SHR) animals (IMT: WKY: 39±2.5 μm vs. SHR: 40±2.3 μm; 

ASI: CFY: 3.79±0.46, SHR: 3.86±0,41). IMT of normotensive animals did not change during 

the 32-week-long treatment period. However, in hypertensive rats IMT of carotid arteries 

almost doubled by the end of the study period (WKY: 41±2 μm vs. SHR-C: 78±5 μm, 
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p<0.05). L-2286 treatment decreased significantly the thickness of carotid arteries induced by 

elevated blood pressure (SHR-L: 63±1 μm, p< 0.05) (Figure 3A). 

Arterial stiffness index of the aorta (ASI) changed in parallel with the change of IMT. ASI 

values increased significantly in hypertensive rats and were significantly reduced by L-2286 

treatment (at the age of 10 weeks: WKY: 3.79±0.46, SHR: 3.86±0.41), (at the age of 42 

weeks CFY: 4.1±0.1 vs. SHR: 5.8±0.3, p<0.01; SHR-L: 4.3±0.4 p<0.05) (Figure 3B).  

 

 

 

 
 

         
 

 

 

 

 

 

 

 

 

 

 

Figure 3A. Intima-media thickness (IMT) of carotid arteries in normotensive (WKY-C, WKY-L) and 

hypertensive (SHR-C, SHR-L) rats.  Values are means±SEM.  #p<0.05 (WKY vs. SHR-C 42 week old), § 

p<0,05 (SHR-C vs. SHR-L 42-week old). 

 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3B. Arterial stiffness index (ASI) of aorta of normotensive (WKY-C, WKY-L) and hypertensive (SHR-C, 

SHR-L) rats. Values are means±SEM. #p<0.05 (WKY  vs. SHR-C), § p<0.05 (SHR-C vs. SHR-L). 
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5.3. Effect of L-2286 administration on poly(ADP-ribosyl)ations in aortas and carotid 

arteries 

To determine whether the administered PARP-inhibitor treatment was effective, we detected 

the poly(ADP-ribosyl)ation of proteins in the samples. Western blot analysis of the great 

vessels revealed that ADP-ribosylation of proteins was the highest in the SHR-C group. This 

elevation was significantly decreased by L-2286 treatment (p<0.05).(Figure 4A, 4B) 

 

 

 

 

 

 

 
 

 
Figure 4A 
 

 

 

 

 
 

 
 
Figure 4B 

 
Effect of L-2286 treatment on PARP activation in carotid arteries and aortas of normotensive (WKY-C, WKY-

L) and hypertensive (SHR-C, SHR-L) rats. Representative western blot analysis of, anti-PAR and densitometric 

evaluation are shown (n = 4). Actin is shown as loading control. Values are means±SEM. *p< 0.05 WKY vs. 

SHR-C, #p< 0.05 SHR-C vs. SHR-L. 
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5.4. Effect of L-2286 treatment on the phosphorylation state of Akt-1 and MAP kinases in 

carotid arteries and aortas 

Akt-1
Ser473

 was activated in 42-week-old WKY-C rats but its activity was higher in the SHR-

C group (p<0.05), which was further increased in SHR-L (p<0.05) animals due to the PARP 

inhibitor treatment. Phosphorylation of Akt-1
Ser473

 was also increased in the WKY-L group 

compared to WKY-C rats (p<0.05). In case of MAPK kinases, the modest phosphorylation of 

the examined MAPKs — p38-MAPK
Thr180-Gly-Tyr182

,
 
JNK, and ERK1/2

Thr183-Tyr185
 — occurred 

in WKY rodents (p<0.05 vs. SHR groups). The phosphorylation of p38-MAPK
Thr180-Gly-Tyr182

, 

ERK1/2
Thr183-Tyr185

 and JNK in SHR-C rats was the highest, and these alterations were 

significantly attenuated by the L-2286 treatment (p<0.01) (Figure 5). 
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Figure 5. Effect of L-2286 treatment on the phosphorylation state of Akt-1Ser473, JNK
Thr183-Tyr185

, ERK
1/2Thr183-

Tyr185
 and p38-MAPK

Thr180-Gly-Tyr182 
in carotid arteries and aortas of normotensive (WKY-C, WKY-L) and 

hypertensive (SHR-C, SHR-L) rats. Representative western blot analysis of Akt-1
Ser473

, JNK
Thr183-Tyr185

, ERK 

½
Thr183-Tyr185

 and p38-MAPK
Thr180-Gly-Tyr182

  phosphorylation, and densitometric evaluation are shown (n = 4).  

Actin is shown as loading control. Values are means±SEM. *p< 0.05 WKY vs. SHR-C, #p< 0.05 SHR-C vs. 

SHR-L, + p< 0.05 WKY-C vs. WKY-L. 
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5.5. Collagen content in vascular wall of aorta and carotid arteries 

Masson’s trichrome staining was used to evaluate the degree of vascular fibrosis. The highest 

collagen content was observed in carotid arteries of non-treated hypertensive rats (SHR-C) 

(WKY: 18.16±0.61%, SHR-C: 26.23±0.68%, SHR-L: 20.86±1.05%, p<0.05 SHR-C vs. 

WKY groups). A similar result could be seen in the aortic wall as well (WKY: 19.22±0.8%, 

SHR-C: 27.62±1.45%, SHR-L: 21.24±0.63%, p<0.05 vs. WKY groups and vs. SHR-L) and 

the vascular fibrosis was significantly moderated by the L-2286 treatment (p<0.05 vs. SHR-

C) (Figure 6.). 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 
Figure 6. Influence of L-2286 treatment on the deposition of interstitial collagen. Representative histologic 

sections stained with Masson’s trichrome (n = 4). Magnifications 40x fold. A: carotid artery of WKY-C, B: 

carotid artery of WKY-L, C: carotid artery of SHR-C, D: carotid artery of SHR-L , E: aorta of WKY-C, F: aorta 

of WKY-L, G: caorta of SHR-C, H: aorta of SHR-L. Values are means±SEM. *P< 0.05 CFY vs. SHR, #P< 0.05 

SHR-C vs. SHR-L. 

 

 

5.6. Immunohistochemical analysis 

Immunohistochemical staining showed a highly elevated expression of nitrotyrosine in aortas 

and in carotid arteries of hypertensive animals (SHR-C) compared to that of the control 

groups (p<0.05 vs. WKY-C and WKY-L). The treatment with L-2286 significantly decreased 
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the degree of nitrosative stress of the vasculature in the SHR-L group (p<0.05 vs. SHR-C) 

(Figure 7). 

 

 

 

              
 

 

 
 

 
Figure 7. Photomicrographs of immunohistochemistry. Representative immunohistochemical stainings for 

nitrotyrosine formation  (NT, brown staining) in the vasculature of normotensive (WKY-C, WKY-L) and 

hypertensive (SHR-C, SHR-L) animals. Magnification 40 x fold. A: carotid artery of WKY-C, B: carotid artery 

of WKY-L, C: carotid artery of SHR-C, D: carotid artery of SHR-L, E: aortic wall of WKY-C, F: aortic wall of 

WKY-L, G: aortic wall of SHR-C, H: aortic wall of SHR-L. Values are means±SEM. *P< 0.05 CFY vs. SHR, 

#P< 0.05 SHR-C vs. SHR-L 

 

 

 

 

In normotensive animals (WKY-C and WKY-L) the apoptosis-inducing factor (AIF) could 

only be found in the cytoplasm of cells (Figure 6.). In the SHR-C group we could demonstrate 

the nuclear translocation of AIF, which was significantly decreased in the SHR-L group due 

to the PARP inhibition by the L-2286 treatment (p<0.05) (Figure 8.).  
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Figure 8. Representative merged confocal images of nuclear localisation of AIF. AIF immunoreactivity (red) and 

Hoechst nuclear staining (blue) were presented individually and merged (scale bar 50 um) A: carotid artery of 

WKY-C, B: carotid artery of WKY-L, C: carotid artery of SHR-C, D: carotid artery of SHR-L, E: aortic wall of 

WKY-C, F: aortic wall of WKY-L, G: aortic wall of SHR-C, H: aortic wall of SHR-L.  
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Oxidative stress provoked an enhancement in the expression of MKP-1 which is also evident 

in our samples since MKP-1 activity was more elevated in SHR-C than in WKY animals 

showed by Western blotting (p<0.05 vs. WKY-C) and immunofluorescence. Inhibition of 

PARP enzyme with L-2286 further increased the phosphorylation of MKP-1 in aortas and 

carotid arteries of hypertensive rats (p<0.05 vs. SHR-C) (Figure 9,10.). 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 
 

 
 
Figure 9 A, B Effect of L-2286 treatment on MKP-1 activation, densitometric evaluation are shown (n = 4). 

Actin is shown as loading control. Values are means±SEM. *p< 0.05 WKY vs. SHR-C, #p< 0.05 SHR-C vs. 

SHR-L. 
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Figure 10. Representative merged confocal images of nuclear localisation of MKP-1. MKP-1 immunoreactivity 

(red) and Hoechst nuclear staining (blue) were presented individually and merged (scale bar 50 um). C: carotid 

artery of WKY-C, D: carotid artery of WKY-L, E: carotid artery of SHR-C, F: carotid artery of SHR-L, G: aortic 

wall of WKY-C, H: aortic wall of WKY-L, I: aortic wall of SHR-C, J: aortic wall of SHR-L. 
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In control animals NF-κB activity can be seen only in the cytoplasm of cells. Our results 

showed that hypertension induced the nuclear transport and the activition of NF-κB (p<0.05 

vs. WKY-C). The treatment with L-2286 significantly diminished the nuclear transport and 

the activity of NF-κB (p<0.05 vs. SHR-C) (Figure 11.). 
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Figure 11. Representative merged confocal images of nuclear localisation of NFκB. NFκB  immunoreactivity 

(red) and Hoechst nuclear staining (blue) were presented individually and merged (scale bar 50 um). A: carotid 

artery of WKY-C, B: carotid artery of WKY-L, C: carotid artery of SHR-C, D: carotid artery of SHR-L, E: aortic 

wall of WKY-C, F: aortic wall of WKY-L, G: aortic wall of SHR-C, H: aortic wall of SHR-L 

 

5.7. Electron microscopy 

Electron microscopic examinations showed intact architecture of aortic wall in WKY rats. 

(Figure 9.). However, chronic elevated blood pressure resulted in the alteration of the aortic 

wall structure in untreated SHR animals (SHR-C).  

The endothelial cells were activated, their nuclei were segmented, unfolded and their 

cytoplasm was extremely widened. The internal elastic lamina (IEL) was periodically 

interrupted and cytoplasmic processes of medial smooth muscle cells were protruding through 

the intimal lesions into the subendothelium and into the lumen. The subendothelial space 

increased and an extreme amount of collagen bundles were produced by activated fibroblasts 

causing the damage of the basal membrane. “Mushroom-like” formations containing collagen 

fibers broke through the interendothelial spaces into the lumen. Smooth-muscle cells appeared 

very frequently producing elastic fibers. These fibers grew in various directions destroying 

normal layers.  
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After the treatment with the PARP-inhibitor L-2286, a significantly better situation could be 

observed. Although we could see activated nuclei in the endothelial layer, the continuity of 

this layer remained intact. The amount of collagen bundles and elastic fibers was also reduced 

in the SHR-L group compared to that of the SHR-C animals and therefore the basal 

membrane was not damaged by collagen fibers and by smooth muscle cells. Thus 

pharmacological inhibition of PARP enzyme had a significant protective effect on vascular 

fibroblast and on smooth muscle cells by inhibiting the development of hypertension-induced 

vascular remodeling (Figure 12.).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 12. Representative electronmicroscopic sections from aortic wall of 42 week-old animals. Lu: lumen, bm: 

basal membrane, sm: smooth muscle cell, el: lamina elastica interna, e: endtothel. A: aorta of WKY, B: aorta of 

WKY, C: aorta of SHR-C, D: aorta of SHR-C, E: aorta of SHR-L 

 

 

 

5.8. In vitro isometric vasomotor response of ACh and SNP on rat carotid arteries 

Active wall tension (mN/mm) of common carotid arteries (CCA) in WKY rats evoked by KCl 

(60mmol/L) was primarily mediated by the activation of potassium channels. This 

pharmacologically evoked contraction was similar to the maximal contractile force in each 

group of rats. Dose-response curves to SNP and ACh (10
-9

 to 10
-5

 mmol/L) were determined 

in CCA rings isolated from normotensive (WKY), or hypertensive (SHR-C and SHR-L) 

animals. The SNP induced-vasorelaxation (normalized to 60 mM KCL) in the WKY CCA 

rings was significantly different from that of in the SHR groups, however L-2286 treatment 

did not change the SNP induced-vasorelaxation (normalized to KCL) (WKY: 100%; 

80±5mN, 55±2%, 42±6%, 29±5%, vs. SHR-C: 100%, 57±7%, 40 ±4%, 12±3%, 0% vs. SHR-

L: 100%, 42±8%, 20±7%, 18±8%; 0 %; n=6, NS; Figure.13 A.). 
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The ACh-induced vasorelaxation (normalized to 60 mM KCL) in WKY rats was significantly 

higher compared to the SHR-C and the SHR-L groups. L-2286 tretament significantly 

improved the endothelium-dependent vasorelaxation in the SHR-L group compared to the 

non-treated group (SHR-C) (WKY: 100%; 90±5mN, 60±2%, 0±0%, vs. SHR-C: 100%, 

90±7%, 81,7±9%; 60±6%; 59±4% vs. SHR-L: 100%, 90±2%, 77±7%, 20±2%; 22±4%; n=6, 

p<0.05; (Figure 13 B.).  

 

 

 

 
 

 

Figure 13. Dose - response isometric vasomotor responses of (WKY, SHR-C, SHR-L) rat carotid arteries to Ach 

(A) and to SNP (B), all values are normalized to KCL (60mM) responses (100%). Values are means±SEM. 

(*p<0,05 WKY-C vs. SHR-C vs. SHR). 

 

 

 

 

 

6. Materials and methods II.  

 

6.1. Resveratrol: 

Resveratrol (trans-3,4,5-trihydroxystilbene) was a kind gift from Admarc Med Diagnostics & 

Nutraceuticals (Fót, Hungary). 10 mg resveratrol capsule was applied once daily which is in 

commercial use and possesses official permission for being marketed. Admarc Med 

Diagnostics & Nutraceuticals has also provided the matching placebo. 
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6.2. Subjects and protocol:  

40 patients were enrolled into our double-blind, placebo-controlled, randomized study (42-80 

year old, mean age 66.3±8.9 years, 26 men, 14 women). All patients had a history of 

myocardial infarction (at least 6 months prior to randomisation) and angiographically verified 

coronary artery disease. They were randomized into two groups, 13 males and 7 females were 

in both groups.  In one group 10 mg resveratrol, in the other group 10 mg placebo was 

administered for 3 months. Concomittant medical therapy of the patients remained unchanged 

for 3 months before randomization and during the study period. Patients received a medical 

therapy recommended by the current guidelines for secondary prevention of acute myocardial 

infarction (AMI) including platelet aggregation inhibitors, statins, ß-blockers and ACE-

inhibitors. 

At baseline and after the 3-month treatment period the following examinations were 

performed: physical examination, blood pressure measurement, clinical chemistry and 

hemorheological measurements, 12 lead electrocardiography, echocardiography and 

determination of FMD. The protocol of our study was approved by the Regional Ethics 

Committee of the University of Pecs and was conducted in accordance with the Declaration of 

Helsinki. Written informed consent was obtained from all patients to participate in the study.  

 

6.3. Clinical chemistry 

From blood samples drawn from the cubital vein after 12-hour fasting white blood cell count, 

C-reactive protein, TNF-α, glucose, glycosylated hemoglobin-HgA1c, fasting lipid levels (total 

cholesterol, triglyceride, high-density lipoprotein (HDL), LDL-cholesterol) were measured in 

the Department of Laboratory Medicine, University of Pecs. 

 

6.4. Hemorheological parameters 

From blood samples drawn from the cubital vein after 12-hour fasting hematocrit, plasma 

fibrinogen level, plasma and whole blood viscosity, red blood cell (RBC) deformability, 

aggregation and platelet aggregation were determined. Hematocrit was measured in a 

microhematocrit centrifuge (Hemofuge, Heraeus Instr., Germany), plasma fibrinogen 

concentration was determined by Clauss’ method. Plasma and whole blood viscosities were 

determined in Hevimet 40 capillary viscosimeter (Hemorex Ltd., Hungary). In this 

viscosimeter the flow of the fluid is detected optoelectronically along a capillary tube and a 

flow curve is drawn. Shear rate and shear stress are calculated from this curve. Viscosity 

values are determined as a function of these parameters according to Casson’s principle. RBC 
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aggregation was measured in Myrenne aggregometer (MA-1 Aggregometer, Myrenne Ltd., 

Germany), applying the light transmission method of Schmid-Schönbein et al. The principle 

of this technique is based on the increase of light transmission through a red cell suspension. 

The extent of aggregation is characterized by the aggregation index (AI), calculated from the 

surface area below the light intensity curve in a 10 s measurement period. Red blood cell 

filterability was measured in Carat FT-1 filtrometer (Carat Diagnostics Ltd., Hungary) using 

St. George’s technique. In this filtrometer RBC suspension was measured at four pairs of light 

sources and detectors. The apparatus is interfaced to a computer, which automatically 

analyzes sequential flow rates and thus distinguishes the relative cell transit time (RCTT) and 

the pore clogging rate. In our experiments filtration pressure was set for 4 cm of water. All 

measurements were repeated three times with each sample. Collagen-induced platelet 

aggregation (2μg/ml collagen) was measured using a Carat TX4 optical platelet aggregometer 

(Carat Diagnostics Ltd., Hungary) (51).  

 

6.5. Brachial artery flow-mediated dilatation 

Determination of FMD was executed using the modified method described by Celermajer 

(52). Patients were studied in fasting state, exposure to caffeine and smoking were prohibited 

for 12 hours before the measurements. FMD was measured on the right brachial artery after 

10 minutes resting in a supine position. Images were acquired and saved in digital format 

using a Technus MPX ultrasound System (ESAOTE, Italy) with a linear vascular transducer. 

Arterial flow velocity was measured using pulsed wave Doppler signals at a 70º angle to the 

vessel 5 cm above the antecubital fossa. A pneumatic cuff was then inflated to suprasystolic 

pressure (250 mmHg) on the forearm for 4 min and a second scan was taken 15 sec. after the 

cuff deflation and arterial lumen diameter was measured 90 sec. after cuff deflation. FMD 

was determined as the percentage change in vessel diameter measured at rest and at 90 sec. 

after cuff release (52,53).  

 

6.6. Echocardiography 

Echocardiographic measurements were performed with a Vivid 7 Pro (GE, USA) equipment 

with 3S transducer according to international guidelines. Sytolic (54) and diastolic left 

ventricular function (54, 55) were determined at baseline and at the end of the study period. 
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6.7. Statistical analysis 

All data are expressed as means ± SEM. Comparisons among groups were made by using 

Student’s t-test (SPSS for Windows 11.0). To post hoc comparison, Bonferroni test was 

applied. Values of p<0.05 were considered statistically significant. 
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7. Results II.  

 

 7.1. Subjects 

There were no significant differences in baseline patient characteristics of the placebo and 

resveratrol treated group (Table 1). 

  

 Resveratrol-treated 

group (n=20) 

Placebo-treated 

group (n=20) 
P-value 

Male gender  13 13  

Age, year 

(mean±SD) 
65.3±9.7 67.4±7.7 ns 

Major CV risk 

factors 
  

 

Diabetes 7 (35 %) 8 (40 %) ns 

Hypertension 20 (100 %) 19 (95 %) ns 

Dyslipidemia 13 (65 %) 14 (70 %) ns 

Smoking 3 (15%) 4 (20 %) ns 

Obesity (BMI>30) 8 (40 %) 7 (35 %) ns 

BMI (kg/m2) 29.3±2.1 28.1±3.2 ns 

Secondary 

prevention  

drug treatment 

   

Antiplatelet drugs 17 (85 %) 18 (90%) ns 

ACEI/ARB 18 (90 %) 18 (90%) ns 

Beta-blockers 18 (90%) 17 (85 %) ns 

Statins 15 (75 %) 16 (80 %) ns 

 

 

Table 1. The table shows baseline characteristics of patients. Values are expressed as mean ± 

standard deviation.  

  

7.2. The effect of resveratrol on hemorheological, laboratory and blood pressure parameters 

In both placebo and resveratrol groups hematocrit, fibrinogen level and whole blood viscosity 

did not show significant changes during the 3-month follow up. Red blood cell deformability 

decreased and platelet aggregation increased significantly in the placebo group, which had 

been prevented by resveratrol treatment (p<0.05) (Table 2). Plasma viscosity elevated 

significantly in both groups during the 3-month follow up period. Routine laboratory and 

inflammatory parameters (white cell count, platelet count, CRP, HgbA1c, TNFα, total 

cholesterol, triglyceride, HDL-cholesterol) did not show any significant changes after 3 

Table 1. The table shows baseline characteristics of patients. Values are expressed as means ± SEM 
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months of treatment with resveratrol (Table 2). The treatment was not associated with any 

significant changes in blood pressure. 

 

 

  

 Placebo 

baseline 

Resveratrol 

baseline 

Placebo   

3
rd

 Month  

Resveratrol 

3
rd

 Month 

Hemorheological  

parameters 

    

Hematocrit(%) 43.9±1.22 44.4±0.98 43.47±0.86 44.11±0.91 

Fibrinogen(g/l) 3.22±0.12 3.46±0.17 3.38±0.15 3.7±0.21 

Red blood cell 

aggregation (%) 
12.8±0.76 11.57±0.33 13.1±0.53 11.32±0.59 

Collagen Induced 

platelet aggregation 

(%) 

43.22±6.57 42.61±6.22
 

47.95±6.74
* 

32.89±4.81
*
 

Plasma viscosity 

(mPas) 
1.26±0.02

 
1.26±0.02

 
1.31±0.02

 
1.34±0.02 

Whole blood 

viscosity at 90 s
-1

 

shear rate (mPas) 

4.37±0.18 4.5±0.13 4.49±0.17 4.6±0.1 

Red blood cell transit 

time 

(RCTT) 
6.71±0.13

# 7.04±0.14 7.02±0.14
# 

 

7.05±0.1
 

 

Laboratory  

parameters 
    

White blood 

cell(x10
9
/l) 

6.11±0.37 6.81±0.49 6.53±0.37 7.08±0.38 

CRP (mg/l) 3.27±0.35 3.64±0.57 7.03±3.31 6.51±2.97 

HgA1C % 6.47±0.26 6.33±0.19 6.18±0.25 6.04±0.23 

TNFα pg/ml 5.95±0.59 6.13±0.51 10.12±0.99 10.1±1.01 

Platelet count 

(x10
9
/l) 

195.42±10.9 197.82±8.43 210±11.9 205±8.48 

Serum cholesterol 

level (mmol/l) 
4.5±0.25 5.1±0.5 4.5±0.26 4.74±0.26 

Serum triglyceride 

level (mmol/l) 
1.94±0.24 1.67±0.21 2.04±0.25 1.84±0.26 

Serum LDL-

cholesterol level 

(mmol/l) 

2.6±0.24 3.15±0.35
0 

2.51±0.21 2.7±0.15
0
 

Serum HDL-

cholesterol level 

(mmol/l) 

1.02±0.06 1.2±0.06 1.1±0.08 1.2±0.06 

 

 
Table 2. Hemorheological and laboratory parameters. Values are represented as means±SEM. *p<0.05 

Resveratrol 3
rd

 month versus placebo 3
rd

 month, 
 # 

Placebo baseline versus placebo 3
rd

 month, 
0
 resveratrol 

baseline versus resveratrol 3
rd

 month. 

 



 32 

 

7.3. The effect of resveratrol treatment on the flow-mediated dilatation of the brachial artery 

Flow-mediated dilatation of the brachial artery increased significantly in the resveratrol 

treated group (p<0.05) (Fig. 14). In contrast, in the placebo group no significant changes 

could be observed. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Flow-mediated vasodilatation 

Flow-mediated vasodilatation before and after three-months follow-up period. The endothelial function showed a 

significant improvement in resveratrol-treated group compared to baseline values. In placebo-treated group flow-

mediated vasodilatation has not changed. The results were expressed as means± SEM, *p<0.05.  

%: FMD was defined as the percentage change in vessel diameter measured at rest and 90 sec.after cuff release. 

 

 

 

7.4.  The effect of resveratrol treatment on left ventricular function 

After 3 months of resveratrol treatment left ventricular ejection fraction (EF) showed a slight 

improving tendency compared to placebo group (resveratrol treated group: baseline 

54.77±13.1%, 3
rd

 month 55.83±11.5%; placebo group: baseline 52.42±12.3%, 3
rd

 month 

51.33±14.2%). In LV diastolic function however, significant increase of E/A ratio was 

observed in the resveratrol group after three months compared to baseline values (p<0.01). In 

the placebo group diastolic function showed a deteriorating tendency during the 3-month 

follow up (Figure 15).  
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Figure 15. Left ventricular diastolic function 

Left ventricular diastolic function (expressed as E/A ratio) of patients at baseline and after three months. The 

diastolic function in RES-treated group improved significantly. The results were expressed as means± SEM. 

* p<0.05. 
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8. Discussion 

 

8.1.Vasoprotection by PARP inhibition in a SHR model 

 

In hypertensive patients, systolic blood pressure and systolic pulse pressure are the dominant 

prognostic markers. Irrespective of the form of etiology of hypertension, the elevated 

intraluminar pressure causing cyclic circumferential mechanical strain is the cardinal feature 

in the development of vascular remodeling. Vascular cells can sense changes in mechanical 

signal and can transducer these alterations into biological response in a process called 

mechanotransduction. Therefore the most common protective mechanism against the 

development of hypertensive vascular remodeling and target orgen damage is the lowering of 

blood pressure. On the other hand side effects of antihypertensive drugs and complaints such 

as dizziness, headache, fatigue due to the hypoperfusion resulting from lowering the blood 

pressure are the key factors in th background of inadequate hypertension control (4-5). In 

order to optimize management of hypertension some recent efforts focus on protecting the 

vasculature from hypertension induced vascular remodeling with or without lowering the 

blood pressure. It is well documented that oxidative stress and endothelial dysfunction are 

consistently observed in hypertension, and recent data suggest that they also have a causal 

role in the molecular mechanism leading to hypertension. Oxidative stress may directly alter 

vascular function and induces changes in vascular tone by several mechanisms including 

altered nitric oxide (NO) bioavailability and altered cellular signaling. NADPH oxidase, 

xanthine oxidase, the mitochondrial respiratory chain and NO synthases can contribute to 

ROS-production, and are involved in the increased vascular oxidative stress observed during 

hypertension (56,57).  Reactive oxygen species (ROS) coming from different sources are 

important in regulating endothelial function and vascular tone, and are implicated in 

endothelial dysfunction, inflammation, hypertrophy, apoptosis, migration, fibrosis and 

angiogenesis which are important processes involved in vascular remodeling in hypertension 

(56,57) Angiotensin II, which plays a significant role in hypertension and vascular 

remodeling, induces oxidative stress, Rho kinase activation and increases intracellular 

calcium level. It was demonstrated that oxidative stress contributes to VEGF repression and 

ASK1 activation caused the enhancement of endothelial apoptosis and contributed to a 

decrease in myocardial capillary density (58). Therefore, oxidative stress induced MAP kinase 

activation and activation of oxidative stress related transcription factors like NF-kappaB, AP-

1 and STAT can contribute to hypertension induced vascular remodeling (59). 
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Although it is well-known that oxidative stress induces PARP activation, and PARP 

activation can contribute to elevated ROS production, inflammation, mitochondrial damages 

and cell death, there are no data about the role of PARP in the development of vascular 

remodeling. We presented evidence for the protective role of the PARP inhibitor in the 

hypertension induced cardiac remodeling, and showed favorable changes in MAP kinases, 

PKC isozymes and PI-3-kinase-Akt pathway activation (45) although PARP inhibition did not 

have any antihypertensive effect. Therefore, we raised the possibility that PARP inhibition 

can also be a new molecular target for the prevention of hypertension induced vascular 

remodeling. 

The major findings of this study are that chronic inhibition of nuclear PARP enzyme reduces 

ADP-ribosylation of nuclear proteins and thus prevents the development of vascular 

remodeling with the restoration of vascular structure and function while changing the altered 

patterns of signal transduction. We used the SHR which provides an animal model of high 

blood pressure that is similar to essential hypertension in humans (45).  

PARP-inhibitors did not have any antihypertensive effect in spontaneously hypertensive rats 

(45). Despite the lack of blood pressure lowering effect, PARP-inhibitor treatment exerted 

significant protection against the transition of hypertensive cardiopathy to heart failure in the 

SHRs (45) and in our present work we also found that chronic inhibition of PARP with L-

2286 did not decrease the blood pressure in SHR animals, but it could decrease the 

hypertension-induced remodeling of the great arteries.  

Remodeling is characterized by increased vascular wall thickness, altered vascular tone, 

increased vascular contractility as well as by reduction of vascular compliance. Chronic 

elevated blood pressure causes the thickening of the vascular wall in carotid arteries. 

Increased intima–media thickness (IMT) from ultrasound measurements of the carotid artery 

is considered as a marker of more generalized atherosclerosis, and has been shown to predict 

the occurrence of cardiovascular events such as stroke and myocardial infarction (60).  

The PARP-inhibitor L-2286 however decreased significantly the hypertension-induced 

vascular wall thickening in great vessels, measured by a high-resolution ultrasound imaging 

system. Furthermore L-2286 improved the altered vascular elasticity, expressed as aortic 

stiffness index, too. The thickness and the elastic properties of vascular wall are determined 

primarily by the amount of smooth muscle cells and by the amount of collagen content. The 

vascular collagen content was determined by transmission electron microscopy and by 

Masson’s trichrome staining. Both methods showed a very prominent increase of vascular 

fibrosis in non-treated SHR animals. Moreover, on electron microscopic pictures the 
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invasivity of fibrosis could also be seen, because the collagen bundles damaged the basal 

membrane and broke into the lumen. Pharmacological inhibition of nuclear PARP-1 exerted a 

significant decrease in the process of fibrotic remodeling and this treatment protected the 

integrity of vascular structure, too.   

Endothelium was thought primarily to be a selective barrier to prevent the diffusion of 

macromolecules from the blood lumen to the interstitial space, however numerous additional 

roles have been defined for this tissue, including the regulation of vascular tone, modulation 

of inflammation, promotion or inhibition of vascular growth and modulation of platelet 

aggregation and coagulation. Disturbance of these properties is termed endothelial 

dysfunction, a phenomenon that can easily be demonstrated as an impaired vasorelaxation in 

response to endothelium-dependent vasodilators such as acetyl-choline (ACh) (61-62). 

Vasomotor answers of carotid arteries were registered with a wire myograph in the present 

study. Impaired relaxation of carotid arteries to ACh in hypertensive animals was significantly 

improved in the L-2286 treated group compared to the SHR-C group.  

Oxidative stress and decreased bioavailability of NO are the most important causes of 

endothelial dysfunction. In accordance with this, the signs of increased oxidative stress were 

detected in our study in hypertensive animals measuring the amount of nitrotyrosine 

formation (63,64). Hypertension-induced oxidative stress leads to the activation of PARP-1 

enzyme which causes the decrease of high energy phosphate levels thus further aggravating 

the oxidative cell damage. The PARP-inhibitor treatment did not affect the blood pressure, 

however it could decrease significantly the formation of ROS/RNS and of course the activity 

of PARP enzyme. Although L-2286 has a moderated direct scavenger effect too, its main 

effect on ROS formation is the consequence of its mitochondrial protective effect. PARP-

inhibitors can decrease the ROS-induced ROS formation in mitochondria through their 

protective effect on the mitochondrial respiratory chain complexes (26).  

Similarly to our previous results in hypertensive, as well as in other experimental heart failure 

models, the L-2286 treatment increased the phosphorylation state of Akt-1 in the vascular 

wall, too.  Akt-1 is one of the most important prosurvival intracellular signal transduction 

factors (45, 46). The activation of Akt-1 yields in numerous beneficial consequences, e.g. its 

activation can also decrease the ROS production through the inhibition of NADPH oxidases 

(66-68). 

The nuclear translocation of AIF increased significantly in untreated SHR animals, which is a 

consequence of oxidative stress. AIF is a key factor in apoptosis. It has been demonstrated 

that AIF regulates cell death through a caspase-independent pathway; mitochondrial AIF 
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translocates to the nucleus on death stimuli and binds to the DNA that leads to large-scale 

chromatin fragmentation followed by the cell death (69-70). The L-2286 treatment 

significantly decreased the nuclear translocation of the pro-apoptotic AIF in vascular smooth 

muscle cells. Blocking the nuclear translocation has also another beneficial effect, it can 

influence the vascular remodeling through the modulation of proliferation and migration of 

vascular smooth muscle cells (71-72) PARP-inhibitor treatment decreased the nuclear 

translocation of AIF either by decreased formation of PAR, or the modulation of signaling 

pathways including the activation of Akt-1 which attenuates AIF translocation (73-74). 

The importance of MAP kinases was extensively studied in experimental models of various 

cardiovascular pathologies. Our workgroup previously proved in cell culture, that PARP-1 

inhibition by pharmacons, small interfering RNA silencing of PARP-1 expression, or the 

transdominant expression of enzymatically inactive PARP-1 resulted in the inactivation of 

these MAPKs through the increased expression and enlarged cytoplasmic localization of 

MAPK phosphatase-1 (MKP-1) (75). In our recent work this finding was confirmed among 

much more complicated experimental settings, in a chronic murine model of hypertension. 

The increased MKP-1 and therefore decreased activity of MAP kinases can be a very 

important underlying mechanism of the diminished vascular collagen accumulation observed 

in L-2286 treated SHRs. The decreased phosphorylation state of MAP kinases exerts 

protection against vascular remodeling, because it can reduce the fibrosis through a TGF-β 

independent pathway (76-77). In hypertension the elevated level of AngII via ERK, p38-

MAPK and consequent Smad3 activation leads to the upregulation of CTGF, a growth factor, 

that plays an important role in fibroblast proliferation, migration, adhesion, and extracellular 

matrix production (78). On the other hand the elevated AngII level via p38-MAPK causes 

NF-κB activation which in turn can increase the fibrosis via a TGF-β1 dependent pathway 

(79-80) and can enhance the production of inflammatory proteins that have central role in the 

development of endothelial dysfunction and atherosclerosis (81-82). 



 38 

 

8.2. Effect of resveratrol treatment in postinfarction patient 

In this study the possible cardioprotective effects of resveratrol were examined in patients 

after myocardial infarction. According to previous studies the cardiovascular benefits of 

resveratrol presumably includes vasorelaxation, antioxidant, antiplatelet and cholesterol 

lowering effects. 

The decreased vasorelaxation response - observed in patients with atherosclerosis – was due 

to impaired endothelial function. Endothelial dysfunction induces atheromatous plaque 

formation and it is considered to be an important factor for the development of CAD (84). 

Several studies have shown the favourable effects of resveratrol on endothelial function 

(39,40,43,44) but these investigations were carried out on animal models, in vitro human 

vessels (39) or examined only the acute intake of resveratrol (43). In our study endothelial 

function was measured by FMD and a significant improvement (p<0.05) was detected in 

vasorelaxation in resveratrol treated group. According to previous studies these effects are 

presumably due to an increase in NO level and signalling (39,40,84) and the stimulation of  

Ca2+ activated K+ channels (44).  

The importance of hemorheological processes in the progression of atherosclerosis is well 

known (51,84). Previous studies have proved the inhibitory effect of resveratrol on platelet 

aggregation in vitro. The inhibition of platelet aggregation is presumably due to the 

enhancement of the activity of endogenous antiplatelet substances like prostaglandins (85). In 

addition, under in vitro circumstances it was shown that resveratrol inhibits type I collagen 

mRNA expression, and the adhesion of platelets to collagen in a concentration dependent 

manner (86). RBC deformability has an important role in coronary microcirculation since the 

average capillary diameter is below the diameter of RBC. Decreased RBC deformability 

reduces the coronary microcirculation. According to previous studies certain unfavourable 

changes in hemorheological parameters can be observed in patients after myocardial 

infarction (87). In our investigation a significant decrease of RBC deformability and an 

increase of platelet aggregation was also experienced in the placebo group but resveratrol 

treatment prevented these disadvantegous changes (p<0.05).  

High level of LDL-cholesterol is very harmful to endothelial cells and has an important role in 

the development of atherosclerosis (88). According to the literature the effects of resveratrol 

on lipid parameters are rather conflicting (38). Some investigations have proved that 

resveratrol lowered total cholesterol (89), increased HDL level and reduced formation of 

atherosclerotic plaques (88). In our research a favourable effect of resveratrol was discovered 
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on plasma LDL level (p<0.05), but no significant effect was detected on other lipid 

parameters, like total cholesterol, HDL cholesterol and on triglyceride levels.  

During our study no significant changes could be measured in white blood cell count, plasma 

fibrinogen and C-reactive protein levels. 

Resveratrol possesses direct protective effect on cardiomyocytes which was demonstrated in 

several animal studies. In a myocardial remodeling model cardiac fibrosis was inhibited by 

resveratrol (90), furthermore resveratrol protected cardiomyocytes from ischemia-reperfusion 

injury throgh suppression of superoxide levels and activation of potassium channels in animal 

models (38). In our study resveratrol treatment resulted in a slight but not significant 

improvement of left ventricular systolic function. On the other hand diastolic function of the 

left ventricle was significantly improved which might be attributed to the inhibitory effect of 

resveratrol on myocardial fibrosis with the inhibition of phosphorylation of PKC α/β and 

activation of Akt pathways described in animal models (91). 

In conclusion, our clinical trial provided evidences that resveratrol exerts multiple protective 

effects on the cardiovascular system in patients after myocardial infarction developing its 

beneficial effect in addition to routine medical therapy used in the secondary prevention of 

myocardial infarction.  3-months of resveratrol treatment improved FMD, increased red blood 

cell deformability, inhibited platelet aggregation, decreased LDL cholesterol level and 

improved left ventricular diastolic function.  
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9. Summary of new scientific results:  

9.1. Investigation of vasoprotective effect of L-2286 in a chronic hypertension model 

9.1.1. Pharmacological inhibition of PARP-1 enzyme exerts significant protective 

effect against hypertensive vascular remodeling in spite of the lack of any 

antihypertensive effect.  

9.1.2. Decreased vascular fibrosis as a consequence of elevated MKP-1 activity and 

thus diminished MAPK phosphorylation are the main underlying mechanisms. 

9.1.3. PARP-1 inhibition activates Akt which can prevent mitochondrial damages and 

attenuates cell death.  

9.1.4. PARP is a promising therapeutical target to prevent hypertensive vascular 

complications even in those patients, who do not reach the target blood pressure 

because of complaints or because of side effects caused by antihypertensive drug 

therapy. 

 

9.2. Biological effects of resveratrol in postinfarction patients receiving adequate 

secondary prevention treatment 

9.2.1. Resveratrol administration improves endothelial function measured by FMD 

9.2.2. Resveratrol has a very important favourable effect on several hemorheological 

and lipid parameters which play an important part in the progression of 

atherosclerosis 

9.2.3. Resveratrol treatment causes improvement of left ventricular diastolic function 

which is a consequence of resveratrol fibrosis decreasing effect. 

9.2.4.  Resveratrol administration (without alcohol intake) might be recommended in 

postinfarction patients to slow down remodeling and progression of 

atherosclerosis. 

 

 

 

 

 

 

 

 



 41 

 

10. References: 

 

1. Hillege HL, Girbes AR, de Kam PJ, Boomsma F, de Zeeuw D, Charlesworth A, et al. Renal 

function, neurohormonal activation, and survival in patients with chronic heart failure. 

Circulation 2000; 102: 203-210. 

2. Kost CK Jr, Li P, Jackson EK. Blood pressure after captopril withdrawal from 

spontaneously hypertensive rats. Hypertension 1995; 25: 82-87. 

3. Smith PG, Poston CW, Mills E. Ontogeny of neural and non-neural contributions to arterial 

blood pressure in spontaneously hypertensive rats. Hypertension 1984; 6: 54-60. 

4. Deedwania PC. Blood pressure control in diabetes mellitus: is lower always better, and how 

low should it go? Circulation. 2011; 123: 2776-8. 

5. Angeli F, Reboldi G, Verdecchia P. "The lower the BP the better" paradigm in the elderly: 

vanished by VALISH? Hypertension. 2010; 56(2): 182-4.4.  

6. Potts JT, McKeown KP, Shoukas AA. Reduction in arterial compliance alters carotid 

baroreflex control of cardiac output in a model of hypertension. Am J Physiol 1998; 274: 

1121-31.  

7. van Gorp AW, Schenau DS, Hoeks AP, Boudier HA, de Mey JG, Reneman RS. In 

spontaneously hypertensive rats alterations in aortic wall properties precede development of 

hypertension. Am J Physiol Heart Circ Physiol 2000; 278: H1241-H1247. 

8. Gibbons GH, Dzau VJ.The emerging concept of vascular remodeling. N Engl J Med. 1994; 

330(20):1431-8. 

9. Moens AL, Takimoto E, Toccheti CG, Chakir K, Bedja D, Cormaci G et al. Reversal of 

cardiac hypertrophy and fibrosis from pressure overload by tetrahydrobiopterin. Circulation 

2008; 117: 2626–2636. 

10. Puddu P, Puddu GM, Cravero E, Rosati M, Muscari A. The molecular sources of reactive 

oxygen species in hypertension. Blood Press 2008; 17:70–77. 

11. Escobales N, Crespo MJ, Oxidative-nitrosative stress in hypertension. Curr. Vasc 

Pharmacol. 2005, 3: 231-46. 

12. Ungvari Z, Csiszar A, Kaminski PM, Wolin MS, Koller A. Chronic high pressure-induced 

arterial oxidative stress. Am J Path. 2004; 165: 219-26. 

13. Sugiyama, T.,Yoshizumi, M., Takaku, F., and Yazaki, Y. (1990). Abnormal calcium 

handling in vascular smooth muscle cells of spontaneously hypertensive rats. J. Hypertens. 

1990; 8: 369–375. 



 42 

14. Bendhack, L. M., Sharma, R. V., and Bhalla, R. C. Altered signal transduction in vascular 

smooth muscle cells of spontaneously hypertensive rats. Hypertension 1992; 19: II142–II148. 

15. Touyz, R. M., and Schiffrin, E. L. Role of calcium influx, and intracellular calcium stores 

in angiotensin II-mediated calcium hyper-responsiveness in smooth muscle from 

spontaneously hypertensive rats. J. Hypertens. 1997; 15: 1431–1439. 

16. Inoue, R., Morita, H., and Ito,Y. Newly emerging Ca2+ entry channel molecules that 

regulate the vascular tone. Expert Opin. Ther. Targets 2004; 8: 321–334 

17. Erdélyi K, Bakondi E, Gergely P, Szabó C, Virág L. Pathophysiologic role of oxidative 

stress-induced poly(ADP-ribose) polymerase-1 activation: focus on cell death and 

transcriptional regulation. Cell Mol Life Sci. 2005; 62(7-8): 751-9. 

18. Pacher P, Szabo C. Role of Poly(ADP-ribose)polymerase 1 (PARP-1) in cardiovascular 

diseases: the therapeutic potential of PARP inhibitors. Cardiovasc Drug Rev 2007; 25: 235–

260. 

19. Briones AM, Touyz RM. Oxidative stress and hypertension: current concepts. Curr 

Hypertens Rep. 2010; 12: 135-42. 

20. Wincewicz A, Sulkowska M, Rutkowski R, Sulkowski S, Musiatowicz B, Hirnle T, 

Famulski W, Koda M, Sokol G, Szarejko P. STAT1 and STAT3 as intracellular regulators of 

vascular remodeling. Eur J Intern Med. 2007; 18: 267-71.  

21. Stanisavljevic S, Ignjatovic T, Deddish PA, Brovkovych V, Zhang K, Erdös EG, Skidgel 

RA. Angiotensin I-converting enzyme inhibitors block protein kinase C epsilon by activating 

bradykinin B1 receptors in human endothelial cells. J Pharmacol Exp Ther. 2006; 316: 1153-

8.  

22.Chiu LY, Ho FM, Shiah SG, Chang Y, Lin WW. Oxidative stress initiates DNA damager 

MNNG-induced poly(ADP-ribose)polymerase-1-dependent parthanatos cell death Biochem 

Pharmacol. 2011; 81: 459-70.  

23. Erdélyi K, Bakondi E, Gergely P, Szabó C, Virág L. Pathophysiologic role of oxidative 

stress-induced poly(ADP-ribose) polymerase-1 activation: focus on cell death and 

transcriptional regulation. Cell Mol Life Sci. 2005; 62: 751-9. 

24 . Pacher P, Szabo´ C. Role of Poly(ADP-ribose)polymerase 1 (PARP-1) in cardiovascular 

diseases: the therapeutic potential of PARP inhibitors. Cardiovasc Drug Rev. 2007; 25: 235–

260.  

25. Pacher P, Liaudet L, Bai P, Virag L, Mabley JG, Haskó G et al. Activation of poly(ADP-

ribose)polymerase contributes to development of doxorubicin-induced heart failure. J 

Pharmacol Exp Ther. 2002; 300: 862-867. 



 43 

26. Halmosi R, Berente Z, Osz E, Toth K, Literati-Nagy P, Sumegi B. Effect of poly(ADP-

ribose) polymerase inhibitors on the ischemia-reperfusion-induced oxidative cell damage and 

mitochondrial metabolism in Langendorff heart perfusion system. Mol Pharmacol. 2001; 

59(6): 1497-505. 

27. Xu Y, Huang S, Liu ZG, Han J Poly(ADP-ribose) polymerase-1 signaling to mitochondria 

in necrotic cell death requires RIP1/TRAF2-mediated JNK1 activation. J J Biol Chem. 2006; 

281(13): 8788-95. 

28. Veres B, Radnai B, Gallyas F Jr, Varbiro G, Berente Z, Osz E, Sumegi B., Regulation of 

kinase cascades and transcription factors by a poly(ADP-ribose) polymerase-1 inhibitor, 4-

hydroxyquinazoline, in lipopolysaccharide-induced inflammation in mice Pharmacol Exp 

Ther. 2004; 310(1): 247-55.  

29. Hong SJ, Dawson TM, Dawson VL. Nuclear and mitochondrial conversations in cell 

death: PARP-1 and AIF signaling Trends Pharmacol Sci. 2004; 25(5): 259-64. 

30. Szabó C., Poly (ADP-ribose) polymerase activation and circulatory shock. Novartis Found 

Symp. 2007; 280: 92-103; discussion 103-7, 160-4.  

31.  Zerfaoui M, Errami Y, Naura AS, Suzuki Y, Kim H, Ju J, Liu T, Hans CP, Kim JG, Abd 

Elmageed ZY, Koochekpour S, Catling A, Boulares AH. Poly(ADP-ribose) polymerase-1 is a 

determining factor in Crm1-mediated nuclear export and retention of p65 NF-kappa B upon 

TLR4 stimulation. J Immunol. 2010; 185(3): 1894-902. 

32. Lee SJ, Kim WJ, Moon SK., TNF-alpha regulates vascular smooth muscle cell responses 

in genetic hypertension. Int Immunopharmacol. 2009; 9(7-8): 837-43.  

33.  Lemarié CA, Tharaux PL, Esposito B, Tedgui A, Lehoux S Transforming growth factor-

alpha mediates nuclear factor kappaB activation in strained arteries. Circ Res. 2006; 99(4): 

434-41.  

34. van Gorp AW, Schenau DS, Hoeks AP, Boudier HA, de Mey JG, Reneman RS. In 

spontaneously hypertensive rats alterations in aortic wall properties precede development of 

hypertension. Am J Physiol Heart Circ Physiol 2000; 278: H1241-H1247. 

35. Kulcsár Gy, Kálai T, Ősz E, Sár CP, Jekő J, Sumegi B et al. Synthesis and study of new 4-

quinazoline inhibitors of the DBA repir enzyme poly(ADP-ribose) polymerase (PARP). 

Arkivoc 2006; IV: 121-131. 

36. Hideg K, Kálai T, Sümegi B Quinazoline derivates and their use for preparation of 

pharmaceutical compositions having PARP-Enzyme inhibitory effect. 2003; 

WO2004/096779, Hung. Pat. Po301173. 



 44 

37. S. Renaud , M. De Lorgeril,  Wine, alcohol, platelets, and the French paradox for coronary 

heart disease, Lancet 1992; 339: 1523-6. 

38. Joseph A. Baur and David A. Sinclair, Therapeutic potential of resveratrol: the in vivo 

evidence, Nat. Rev. Drug Discov.  2006; 5: 493-506. 

39. O. Rakici, U. Kiziltepe, B. Coskun, S. Aslamaci, F. Akar, Effects of resveratrol on 

vascular tone and endothelial function of human saphenous vein and internal mammary artery 

Int. Jour. Cardiol. 2005; 105: 209-15. 

40. T. Wallerath, G. Deckert, T. Ternes, H. Anderson, H. Li, K. Witte, et al, Resveratrol, a 

polyphenolic phytoalexin present in red wine, enhances expression and activity of endothelial 

nitric oxide synthase, Circulation 2002; 106: 1652-8. 

41. CR. Pace-Asciak, O. Rounova, SE. Hahn, EP. Diamandis, DM. Goldberg, Wines and 

grape juices as modulators of platelet aggregation in healthy human subjects. Clin. Chim. 

Acta. 1996; 246: 163-82. 

42. S. Das, Dk. Das, Anti-inflammatory responses of resveratrol, Inflamm. Allergy Drug 

Targets. 2007; 6: 168-73. 

43. C. Silan, The effects of chronic resveratrol treatment on vascular responsiveness of 

streptozotocin-induced diabetic rats, Biol. Pharm. Bull. 2008; 31: 897-902.  

44. J Lekakis, LS Rallidis, I Andreadou, G Vamvakou, G Kazantzoglu, P Magiatis, et al, 

Polyphenolic compounds from red grapes acutely improve endothelial function in patien ts 

with coronary heart disease. Eur J Cardiovasc Prev Rehabil. 2005; 12: 596-600. 

45. Bartha E, Solti I, Kereskai L, Lantos J, Plozer E, Magyar K, Szabados E, Kálai T, Hideg 

K, Halmosi R, Sumegi B, Toth K. PARP inhibition delays transition of hypertensive 

cardiopathy to heart failure in spontaneously hypertensive rats. Cardiovasc Res. 2009; 83: 

501-10. 

46. Pálfi A, Tóth A, Kulcsár G, Hantó K, Deres P, Bartha E, Halmosi R, Szabados E, Czopf 

L, Kálai T, Hideg K, Sümegi B, Tóth K. The role of Akt and mitogen-activated protein kinase 

systems in the protective effect of poly(ADP-ribose) polymerase inhibition in Langendorff 

perfused and in isoproterenol-damaged rat hearts. J Pharmacol Exp Ther. 2005; 315: 273-82. 

47. Kubota Y, Umegaki K, Kagota S, Tanaka N, Nakamura K, Kunitomo M, Shinozuka K. 

Evaluation of blood pressure measured by tail-cuff methods (without heating) in 

spontaneously hypertensive rats. Biol Pharm Bull. 2006; 29:1756-8. 

48. Yap SC, Nemes A, Meijboom FJ, Galema TW, Geleijnse ML, ten Cate FJ, Simoons ML, 

Roos-Hesselink JW. Abnormal aortic elastic properties in adults with congenital valvular 

aortic stenosis. Int J Cardiol. 2008; 128: 336-41. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Renaud%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22de%20Lorgeril%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Lancet.');
http://www.ncbi.nlm.nih.gov/pubmed?term=Polyphenolic%20compounds%20from%20red%20grapes%20acutely%20improve%20endothelial%20function%20in%20patien


 45 

49. Radovits T, Seres L, Gero D, Berger I, Szabó C, Karck M, Szabó G. Single dose treatment 

with PARP-inhibitor INO-1001 improves aging-associated cardiac and vascular dysfunction. 

Exp Gerontol. 2007; 42: 676-85. 

50. Vincze A, Mázló M, Seress L, Komoly S, Abrahám H. A correlative light and electron 

microscopic study of postnatal myelination in the murine corpus callosum. Int J Dev 

Neurosci. 2008; 26: 575-84. 

51. Zs. Marton, B. Horvath, T. Alexy, G. Kesmarky, Zs. Gyevnar, L. Czopf, et al, Follow-up 

of hemorheological parameters and platelet aggregation in patients with acute coronary 

syndromes, Clin. Hemorheol. Microcirc. 2003; 29: 81-94. 

52. DS. Celermajer, KE. Sorensen, VM. Gooch, DJ. Spiegelhalter, OI. Miller, ID. Sullivan, et 

al, Non-invasive detection of endothelial dysfunction in children and adults at risk of 

atherosclerosis, Lancet 1992; 340: 1111-5. 

53. L. Chan, AG. Shaw, F. Busfield, B. Haluska, A. Barnett, J. Kesting, et al,  Carotid artery 

intimal medial thickness, brachial artery flow-mediated vasodilation and cardiovascular risk 

factors in diabetic and non-diabetic indigenous, Atherosclerosis 2005; 180: 319-26. 

54. LM. Hung, JK. Chen, SS. Huang, RS. Lee, MJ. Su, Cardioprotective effect of resveratrol, 

a natural antioxidant derived from grapes, Cardiovasc. Res. 2000; 47: 549-55. 

55. MF. Stoddard, AC. Pearson, MJ. Kern, J. Ratcliff, DG. Mrosek, AJ. Labovitz, Left 

ventricular diastolic function: comparison of pulsed Doppler echocardiographic and 

hemodynamic indexes in subjects with and without coronary artery disease, J. Am. Coll. 

Cardiol. 1989; 13: 327-36. 

56. Touyz RM, Briones AM: Reactive oxygen species and vascular biology: implications in 

human hypertension.. Hypertens Res. 2011; 34: 5-14.  

57. Touyz RM . Molecular and cellular mechanisms in vascular injury in hypertension: role of 

angiotensin II Curr Opin Nephrol Hypertens. 2005; 14: 125-31. 

58. Nako H, Kataoka K, Koibuchi N, Dong YF, Toyama K, Yamamoto E, Yasuda O, Ichijo 

H, Ogawa H, Kim-Mitsuyama S. Novel mechanism of angiotensin II-induced cardiac injury 

in hypertensive rats: the critical role of ASK1 and VEGF. Hypertens Res. 2012; 35: 194-200.  

59. Lehoux S, Castier Y, Tedgui A. J  Molecular mechanisms of the vascular responses to 

haemodynamic forces. Intern Med. 2006; 259: 381-92. 

60. Van Bortel LM. What does intima-media thickness tell us? J. Hypertens. 2005; 23: 37-9. 

61. Forstermann U, Munzel T. Endothelial nitric oxide synthase in vascular disease: from 

marvel to menace. Circulation 2006; 113: 1708–1714. 

javascript:AL_get(this,%20'jour',%20'Clin%20Hemorheol%20Microcirc.');


 46 

62. Munzel T, Sinning C, Post F, Warnholtz A, Schulz E. Pathophysiology, diagnosis and 

prognostic implications of endothelial dysfunction. Ann Med 2008; 40: 180–196. 

63. Mollnau H, Wendt M, Szocs K, Lassegue B, Schulz E, Oelze M, Li H, Bodenschatz M, 

August M, Kleschyov AL, Tsilimingas N, Walter U, Forstermann U, Meinertz T, Griendling 

K, Munzel T. Effects of angiotensin II infusion on the expression and function of NAD(P)H 

oxidase and components of nitric oxide/cGMP signaling. Circ Res 2002; 90: E58–E65. 

64. Schulz E, Gori T, Münzel T. Oxidative stress and endothelial dysfunction in hypertension. 

Hypertens Res. 2011; 34: 665-73. 

65. Perrotta I, Brunelli E, Sciangula A, Conforti F, Perrotta E, Tripepi S, Donato G, Cassese 

M. iNOS induction and PARP-1 activation in human atherosclerotic lesions: an 

immunohistochemical and ultrastructural approach. Cardiovasc Pathol. 2011; 20:195-203. 

66. Mollnau H, Wendt M, Szocs K, Lassegue B, Schulz E, Oelze M, Li H, Bodenschatz M, 

August M, Kleschyov AL, Tsilimingas N, Walter U, Forstermann U, Meinertz T, Griendling 

K, Munzel T. Effects of angiotensin II infusion on the expression and function of NAD(P)H 

oxidase and components of nitric oxide/cGMP signaling. Circ Res 2002; 90: E58–E65. 

67. Schulz E, Gori T, Münzel T. Oxidative stress and endothelial dysfunction in hypertension. 

Hypertens Res. 2011; 34: 665-73. 

68. Worou ME, Belmokhtar K, Bonnet P, Vourc'h P, Machet MC, Khamis G, Eder V. 

Hemin decreases cardiac oxidative stress and fibrosis in a rat model of systemic hypertension 

via PI3K/Akt signalling. Cardiovasc Res. 2011; 91: 320-9. 

69. Susin SA, Lorenzo HK, Zamzami N, et al. Molecular characterization of mitochondrial 

apoptosis-inducing factor. Nature 1999; 397: 441–6. 

70. Joza N, Susin SA, Daugas E, Stanford WL, Cho SK, Li CY, et al. Essential role of the 

mitochondrial apoptosis-inducing factor in programmed cell death. Nature 2001; 410: 549–

54. 

71. Yang D, Zhang M, Huang X, Fang F, Chen B, Wang S, et al. Protection of retinal 

vasculature by losartan against apoptosis and vasculopathy in rats with spontaneous 

hypertension. J Hypertens. 2010; 28: 510-9. 

72. Autieri MV, Kelemen SE, Wendt KW. AIF-1 is an actin-polymerizing and Rac1-

activating protein that promotes vascular smooth muscle cell migration. Circ Res. 2003; 92: 

1107-14.  

73. Su CC, Yang JY, Leu HB, Chen Y, Wang PH. Mitochondrial Akt Regulated 

Mitochondrial Apoptosis Signaling in Cardiac Muscle Cells. Am J Physiol Heart Circ 

Physiol. 2011 Nov 11. [Epub ahead of print]. 



 47 

74. Wang Y, Kim NS, Haince JF, Kang HC, David KK, Andrabi SA, et al. Poly(ADP-ribose) 

(PAR) binding to apoptosis-inducing factor is critical for PAR polymerase-1-dependent cell 

death (parthanatos). Sci Signal. 2011; 4: ra20. 

75. Racz B, Hanto K, Tapodi A, Solti I, Kalman N, Jakus P, et al. Regulation of MKP-1 

expression and MAPK activation by PARP-1 in oxidative stress: a new mechanism for the 

cytoplasmic effect of PARP-1 activation. Free Radic Biol Med. 2010; 49: 1978-88.  

76. Chung AC, Zhang H, Kong YZ, Tan JJ, Huang XR, Kopp JB, et al. Advanced glycation 

end-products induce tubular CTGF via TGF-beta-independent Smad3 signaling. J Am Soc 

Nephrol. 2010; 21: 249-60. 

77. Wang W, Huang XR, Canlas E, Oka K, Truong LD, Deng C, et al. Essential role of 

Smad3 in angiotensin II-induced vascular fibrosis. Circ Res. 2006; 98: 1032-9.  

78. Rupérez M, Rodrigues-Díez R, Blanco-Colio LM, Sánchez-López E, Rodríguez-Vita J, 

Esteban V, et al. HMG-CoA reductase inhibitors decrease angiotensin II-induced vascular 

fibrosis: role of RhoA/ROCK and MAPK pathways. Hypertension. 2007; 50: 377-83.  

79. Zamo FS, Barauna VG, Chiavegatto S, Irigoyen MC, Oliveira EM. The renin-angiotensin 

system is modulated by swimming training depending on the age of spontaneously 

hypertensive rats. Life Sci. 2011; 89: 93-99.  

80. Gao P, Wu X, Shui H, Jia R. Fluvastatin inhibits angiotensin II-induced nuclear factor 

kappa B activation in renal tubular epithelial cells through the p38 MAPK pathway. Mol Biol 

Rep. 2011 Sep 24. [Epub ahead of print] 

81. Ma Y, Chen B, Liu D, Yang Y, Xiong Z, Zeng J, Dong Y. MG132 treatment attenuates 

cardiac remodeling and dysfunction following aortic banding in rats via the NF-κB/TGFβ1 

pathway. Biochem Pharmacol. 2011; 81: 1228-36.  

82. Hui Yao Lan. Smad7 as a therapeutic agent for chronic kidney diseases. Frontiers in 

Bioscience 2008; 13: 4984-4992. 

83. Ferre S, Baldoli E, Leidi M, Maier JA. Magnesium deficiency promotes a pro-atherogenic 

phenotype in cultured human endothelial cells via activation of NFkB. Biochim Biophys 

Acta. 2010; 1802: 952-8. 

84. V. Schächinger, MB. Britten, AM. Zeiher. Prognostic Impact of coronary vasodilator 

dysfunction on adverse long-term outcome of coronary heart disease, Circulation 2000; 101: 

1899-906. 

85. CC. Wu, CI. Wu, WY. Wang, YC. Wu, Low concentrations of resveratrol potentiate the 

antiplatelet effect of prostaglandins, Planta Med. 2007; 73: 439-44. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wu%20CC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wu%20CI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wang%20WY%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wu%20YC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Planta%20Med.');


 48 

86. Z. Wang, Y. Huang, J. Zou, K. Cao, Y. Xu, JM Wu, Effects of red wine and wine 

polyphenol resveratrol on platelet aggregation in vivo and in vitro. 2002; 9: 77-9. 

87. Zs. Marton, B. Horvath, T. Alexy, G. Kesmarky, Zs. Gyevnar, L. Czopf, et al, Follow-up 

of hemorheological parameters and platelet aggregation in patients with acute coronary 

syndromes, Clin. Hemorheol. Microcirc. 2003; 29: 81-94. 

88. JH. Stein, JG. Keevil, DA. Wiebe, S. Aeschlimann, JD. Folts, Purple grape juice improves 

endothelial function and reduces the susceptibility of LDL cholesterol to oxidation in patients 

with coronary artery disease, Circulation 1999; 100: 1050-5. 

89. P. Kollar , H. Kotolova, J. Necas, M. Karpísek, L. Bartosikova, P. Karesova, Experimental 

study of resveratrol and flavonoids in red wine with regard to their possible hypolipemic 

effects, Vnitr. Lek. 2000; 46: 856-60. 

90. ER. Olson, JE. Naugle, X. Zhang, JA. Bomser, JG. Meszaros, Inhibition of cardiac 

fibroblast proliferation and myofibroblast differentiation by resveratrol, Am. J. Physiol. 2005; 

288: H1131-8.  

91. A. Palfi, E. Bartha, L. Copf, L. Mark, F. Jr. Gallyas, B. Veres, E. Kalman, L. Pajor, K. 

Toth, R. Ohmacht, B. Sumegi, Alcohol-free red wine inhibits isoproterenol-induced cardiac 

remodeling in rats by the regulation of Akt1 and protein kinase C alpha/beta II, J. Nutr. 

Biochem. 2008; 20: 418-25. 

javascript:AL_get(this,%20'jour',%20'Clin%20Hemorheol%20Microcirc.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Koll%C3%A1r%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kotolov%C3%A1%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Necas%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Karp%C3%ADsek%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Karp%C3%ADsek%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Karesov%C3%A1%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Vnitr%20Lek.');
http://www.ncbi.nlm.nih.gov/pubmed/18656339?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18656339?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum


 49 

11. Acknowledgements 

These studies were carried out at the Department of Biochemistry and Medical Chemistry and 

the 1st Department of Medicine, Medical School of the University of Pecs between 2007 and 

2011.  

I would like to express my thanks to my teacher and program leader, Professor Kálmán Tóth, 

who managed my studies and gave a support and useful advises during my work. I am 

grateful to Professor Balázs Sümegi who taught me a biochemical way of thinking. He 

directed my work on the field of PARP inhibitors and he ensured the possibility of 

undisturbed work in his department for me.  

I convey my thanks to my project leader Róbert Halmosi for his excellent work and help to 

perform echocardiographic examinations. I would like to express my gratitude to Professor 

Ákos Koller, Professor János Hamar, Professor László Seress, Professor Kálmán Hideg who 

gave me useful advices and help during the experiments. 

Dr. Eszter Szabados, Zoltán Vámos, Éva Bartha, Kitti Bruszt, Izabella Solti, Alíz Szabó, 

László Deres, Krisztián Erős, Eszter Bognár gave also a hand with a part of the experiments. 

I am grateful to Istvánne Pásztor, Heléna Halasz, Bertalan Horváth and László Girán, who 

gave much assistance in the laboratory work. 

I express my thanks to my family and friends for their encouraging support during my studies 

and work. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 50 

12. Publications of the author: 

RITA BENKO, SAROLTA UNDI, MÁTYÁS WOLF, KLARA MAGYAR, ZSUZSANNA 

TOVOLGYI, ZOLTAN RUMBUS, LORAND BARTHO.  

P(2) purinoceptors account for the non-nitrergic NANC relaxation in the rat ileum. 

Naunyn Schmiedebergs Arch Pharmacol. 2006; 373:319-24. IF: 2.779 

 

RITA BENKO, SAROLTA UNDI, MATYAS WOLF, ANDRAS VERECKEI, LASZLO 

ILLÉNYI, MIKLOS KASSAI, LASZLO CSEKE, DEZSO KELEMEN, PETER ORS 

HORVATH, ATTILA ANTAL, KLARA MAGYAR, LORAND BARTHO  

P2 purinoceptor antagonists inhibit the non-adrenergic, non-cholinergic relaxation of the 

human colon in vitro. Neuroscience. 2007; 147:146-52. IF: 3.352 

 

EVA BARTHA. IZABELLA SOLTI, LASZLO KERESKAI, JANOS LANTOS, ENIKO 

PLOZER, KLARA MAGYAR, ESZTER SZABADOS, TAMAS KALAI, KALMAN 

HIDEG, ROBERT HALMOSI, BALAZS SUMEGI, KALMAN TOTH 

PARP inhibition delays transition of hypertensive cardiopathy to heart failure in 

spontaneously hypertensive rats. Cardiovasc Res. 2009; 83:501-10. IF: 5.801 

 

E. BARTHA,  I. SOLTI, A. SZABO, G. OLAH, K. MAGYAR, E. SZABADOS, T. KALAI, 

K. HIDEG, K. TOTH, D. GERO, C. SZABO, B. SUMEGI, R. HALMOSI 

Regulation of kinase cascade activation and heat shock protein expression by poly(ADP-

ribose) polymerase inhibition in doxorubicin-induced heart failure. J Cardiovasc Pharmacol. 

2011 Oct;58(4):380-91. IF: 2.287 

 

MAGYAR KLÁRA, HALMOSI RÓBERT, PÁLFI ANITA, FEHÉR GERGELY, CZOPF 

LÁSZLÓ, FÜLÖP ADRIENN, BATTYÁNYI ISTVÁN, SÜMEGI BALÁZS, TÓTH 

KÁLMÁN, SZABADOS ESZTER  

A rezveratrol kardioprotektív hatása posztinfarktusos betegekben. Kard prev rehab. 2010; III. 

évf., 4: 23-27. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lantos%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21697725
http://www.ncbi.nlm.nih.gov/pubmed/21697725


 51 

 

KLARA MAGYAR, ROBERT HALMOSI, ANITA PALFI, GERGELY FEHER, LASZLO 

CZOPF, ADRIENN FULOP, ISTVAN BATTYANY, BALAZS SUMEGI, KALMAN 

TOTH, ESZTER SZABADOS  

Cardioprotection by resveratrol: A human clinical trial in patients with stable coronary artery 

disease. Clin Hemorheol Microcirc. 2012 Jan 1;50(3):179-87. IF: 3.398 

 

KLARA MAGYAR, LASZLO DERES, KRISZTIAN EROS, KITTI BRUSZT, LASZLO 

SERESS, ZOLTAN VAMOS, KALMAN HIDEG, TAMAS KALAI, ANDRAS BALOGH, 

FERENC GALLYAS JR., AKOS KOLLER, BALAZS SUMEGI, KALMAN TOTH, 

ROBERT HALMOSI 

PARP-1 is a new therapeutic target in hypertensive vascular remodeling. Plos Medicine. 

Manuscript under preparation.  

 

 

 

 

Published abstracts: 

UNDI SAROLTA, BENKÓ RITA, WOLF MÁTYÁS, MAGYAR KLÁRA, BARTHÓ 

LORÁND 

A guanilát-cikláz gátló ODQ hatása az elektromos téringerléssel kiváltott simaizom 

válaszokra és a perisztaltikus reflexre. A Magyar Experimentális Farmakológia Tavaszi 

Szimpóziuma, Budapest, 2005. 06. 6-7. Absztrakt füzet 73. old. 

 

MAGYAR KLÁRA, PTE ÁOK V. 

Tudományos Diákköri Konferencia 

Egy guanilát-cikláz gátló vegyület hatása az elektromos téringerléssel (EFS) kiváltott 

simaizom-válaszokra és a perisztaltikus reflexre. Pécs, 2006. március 30-április1. Absztrakt 

füzet 72. old. 

 

UNDI SAROLTA, BENKÓ RITA, WOLF MÁTYÁS, MAGYAR KLÁRA, BARTHÓ 

LORÁND  

Egy guanilát-cikláz gátló vegyület hatása az elektromos téringerléssel kiváltott simaizom-

válaszokra és a perisztaltikus reflexre. 



 52 

Magyar Élettani Társaság (MÉT) LXX. Vándorgyűlése, Szeged, 2006. június 7-9. Absztrakt 

füzet 270. old. 

 

RITA BENKÓ, SAROLTA UNDI, MATYAS WOLF, KLARA MAGYAR, LASZLO,   

ILLÉNYI, MIKLOS KASSAI, LASZLO CSEKE, ÖRS-PETER HORVÁTH, ANDRAS  

ANTAL AND LORAND BARTHÓ  

NO and ATP co-mediate the non adrenergic, non-cholinergic (NANC) relaxation in the  

human colon and rat ileum The 15
th

 World Congress of Pharmacology (IUPHAR), Peking,  

Kína, 2006. július 2-7. Absztrakt füzet 110-11. old. 

 

BARTHA ÉVA, MAGYAR KLÁRA, SOLTI IZABELLA, KOVÁCS KRISZTINA, HIDEG 

KALMAN, SÜMEGI BALÁZS, HALMOSI RÓBERT, TÓTH KÁLMÁN. Poli(ADP-

ribóz)polimeráz enzim gátlásának hatása fiatal hipertenzív patkány szívekre. Magyar 

Kardiológusok Társasága 2008. évi Tudományos Kongresszusa, 2008. május7-10., 

Balatonfüred, Card. Hung. Suppl. B, 2007;38:B8 

 

EVA BARTHA, KLARA MAGYAR, SOLTI I, LASZLO KERESKAI, TAMAS KALAI, 

ROBERT HALMOSI, KALMAN HIDEG, BALAZS SÜMEGI, KALMAN TOTH.  

Protective effect of a quinazoline-type poly(ADP-Ribose)polymerase inhibitor against the 

development og hypertensive cardiomyopathy and heart failure. Scientific Session 2008 of 

American Heart Association, November 8-12, 2008, New Orleans, Circulation 

 

BARTHA ÉVA, SOLTI IZABELLA, KERESKAI LÁSZLÓ, PLÓZER ENIKŐ, MAGYAR 

KLÁRA, LANTOS JÁNOS, KÁLAI TAMÁS, HIDEG KÁLMÁN, SÜMEGI BALÁZS, 

TÓTH KÁLMÁN, HALMOSI RÓBERT A PARP-gátlás késlelteti a szívelégtelenség 

kialakulását spontán hipertenzív patkány modellben. Magyar Kardiológusok Társasága 2009. 

évi Tudományos Kongresszusa, 2009. május 6-9., Balatonfüred, Card. Hung. Suppl. A, 

2009;39:A39  

 

MAGYAR KLÁRA, HALMOSI RÓBERT, PÁLFI ANITA, FÜLÖP ADRIENN,  

SZABADOS ESZTER, SÜMEGI BALÁZS, TÓTH KÁLMÁN 

A Resveratrol kardioprotektív hatása ischaemiás szívbetegekben. Magyar Kardiológusok 

Társasága Magyar Kardiológusok Társasága 2009. évi Tudományos Kongresszusa, 2009. 

május 6-9., Balatonfüred, Card. Hung. Suppl. A, 2009;39:A71  



 53 

 

MAGYAR KLÁRA, VÁMOS ZOLTÁN, BRUSZT KITTI, SOLTI IZABELLA, CSÉPLŐ  

PÉTER, HIDEG KÁLMÁN, SÜMEGI BALÁZS, TÓTH KÁLMÁN, HALMOSI RÓBERT,  

KOLLER ÁKOS 

Egy új PARP-gátló vazoprotekív hatása spontán hipertóniás patkányokban. Magyar 

Kardiológusok Társasága 2010. évi Tudományos Kongresszusa, 2010. május 5-8., 

Balatonfüred, Card. Hung. Suppl. G, 2010;40:G45 

 

MAGYAR KLÁRA, VÁMOS ZOLTÁN, BRUSZT KITTI, SOLTI IZABELLA, HIDEG 

KÁLMÁN, KOLLER ÁKOS, SÜMEGI BALÁZS, SERESS LÁSZLÓ, HALMOSI RÓBERT 

Poli(ADP-ribóz) polimeráz gátlásának vazoprotektív hatása spontán hipertenzív 

patkánymodellben. 40. Membrán-transzport konferencia, 2010. május 18-21., Sümeg. 

Absztrakt füzet 100. old. 

 

KLARA MAGYAR, ZOLTAN VAMOS, KITTI BRUSZT, IZABELLA SOLTI, KALMAN  

HIDEG, BALAZS SUMEGI, AKOS KOLLER, ROBERT HALMOSI, KALMAN TOTH 

Vasoprotective effects of a novel PARP- inhibitor in spontaneously hypertensive rats. 

Congress of the European Society of Cardiology, 28 August - 01 September, 2010, 

Stockholm, Sweden EHJ, 31, Abstract Suppl., 84. 

 

KITTI BRUSZT, KLARA MAGYAR, ZOLTAN VAMOS, ANDRAS BALOGH, TAMAS  

KÁLAI, KALMAN HIDEG, LASZLO SERESS, BALAZS SUMEGI, AKOS
 
KOLLER,  

ROBERT HALMOSI, KALMAN TOTH. 

Vasoprotective effect of a quinazoline-type Poly(ADP-Ribose)polymerase inhibitor against 

vascular remodeling in chronic hypertension. VI. International Symposium On Myocardial 

Cytoprotection, 7.9 October, 2010, Pécs, Hungary, Experimental and Clinical Cardiology,  

2010; 5, 42. 

 

KLARA MAGYAR, KITTI BRUSZT, ZOLTAN VAMOS, IZABELLA SOLTI, TAMAS  

KÁLAI, KALMAN HIDEG, LASZLO SERESS, BALAZS SUMEGI, AKOS
 
KOLLER,  

ROBERT HALMOSI, KALMAN TOTH 

Vasoprotective effects of poly(ADP-ribose)polimerase inhibition in a spontaneously 

hypertensive rat model. VI. International Symposium On Myocardial Cytoprotection, 7.9 

October, 2010, Pécs, Hungary, Experimental and Clinical Cardiology 2010; 5, 48 



 54 

 

MAGYAR KLARA, VAMOS ZOLTAN, BRUSZT KITTI, BALOGH ANDRAS, KALAI 

TAMAS, HIDEG KALMAN, SERESS LÁSZLO, SUMEGI BALAZS, KOLLER AKOS, 

HALMOSI ROBERT, TOTH KALMAN 

Inhibition of Poly(ADP-ribose) polymeras ereduces hypertension induced vascular 

remodeling in spontaneous hypertensive rat model. Second international Symposium on 

Hypertension, november 18-21, 2010, Osijek, Croatia, Kidney and Blood Pressure Research 

2010; 33: 425 

 

 

MAGYAR KLÁRA, RIBA ÁDÁM, VÁMOS ZOLTÁN, BALOGH ANDRÁS, DERES 

LÁSZLÓ, HIDEG KÁLMÁN, SÜMEGI BALÁZS, KOLLER ÁKOS, HALMOSI RÓBERT, 

TÓTH KÁLMÁN 

Az Akt és a MAP kináz rendszer szerepe krónikus hipertenzív patkánymodellben a PARP 

gátlás által kiváltott védelemben. Magyar Kardiológusok Társasága 2011. évi Tudományos 

Kongresszusa, 2011. május 11-14. Card. Hung. Suppl. F, 41: F36.  

 

MAGYAR K., RIBA A., VAMOS Z., DERES L., HIDEG K., SUMEGI B., KOLLER A., 

HALMOSI R., TOTH K. The role of Akt and mitogen-activated protein kinase systems in the 

protective effect of PARP inhibition in a chronic hypertensive rat model. FAMÉ 2011. június 

8-11., Pécs, Acta Phys. Suppl., 684, 73, 2011. 

 

HALMOSI R., BARTHA E., SOLTI I., OLAH G., MAGYAR K., KALAI T., GERO D., 

SZABO CS., SUMEGI B., TOTH K. Regulation of kinase cascade activation and heat shock 

protein expression by poly(ADP-ribose)polymerase inhibition in doxorubicin-induced heart 

failure. Annual Congress of the Heart Failure Association of European Society of Cardiology, 

May 21-24., 2011, Gothenburg, Sweden. European Journal of Heart Failure Supplements 10 

(S1), S66, 2011.  

 



 55 

K. MAGYAR, A. RIBA, Z. VAMOS, A. BALOGH, L. DERES, K. HIDEG, B. SUMEGI, A. 

KOLLER, R. HALMOSI, K. TOTH 

The role of Akt and mitogen-activated protein kinase systems in the vasoprotection elicited by 

PARP inhibition in hypertensive rats, European Socitey of Congress, Paris, France, 27 , Eur. 

Heart J, 32 (Abstract Supplement), 34, 2011.  

 

 

MAGYAR KLÁRA, RIBA ÁDÁM, BRUSZT KITTI, BALOGH ANDRÁS, HIDEG 

KÁLMÁN, SERESS LÁSZLÓ, SÜMEGI BALÁZS, TÓTH KÁLMÁN, HALMOSI 

RÓBERT 

Az L-2286 jelű PARP-gátló vegyület lehetséges szerepe a miokardialis őssejt regenerációban. 

Magyar Kardiológusok Társasága 2012. évi Tudományos Kongresszusa, 2012. május 9-12. 

Card. Hung. Suppl. A., 42:A30. 

 

DERES LÁSZLÓ, MAGYAR KLÁRA, TAKÁCS IMRE, ERŐS KRISZTIÁN, BALOGH 

ANDRÁS, HIDEG KÁLMÁN, SÜMEGI BALÁZS, TÓTH KÁLMÁN, HALMOSI 

RÓBERT 

A PARP-gátlás csökkenti a vaszkuláris fibrózist spontán hipertenzív patkánymodellben 

Magyar Kardiológusok Társasága 2012. évi Tudományos Kongresszusa, 2012. május 9-12. 

Card. Hung. Suppl. A., 42: A21 

 

K. MAGYAR, I. TAKACS, K. BRUSZT, A. BALOGH, K. HIDEG, L. SERESS, B. 

SUMEGI, R. HALMOSI, K. TOTH 

The potencial role of a PARP-inhibitor in the myocardial stem cell regeneration, Congress of 

European Society of Cardiology, Munich, Germany, 25 Aug 2012 - 29 Aug 2012, Eur. Heart 

J, 2012, 33 (Suppl. 1) 

 

 

 

 

 

 

 

 

 

 



 56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


