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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


 8 

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. Materi als 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 ɛM. 

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

average bioavailability is approximately 10 ɛM 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)ĬDD/(SDīDD). 

 

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 (4ÁC) 

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 

36.8ÁC (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 3,3ô-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 Massonôs 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-əB) 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 SDSïpolyacrylamide gel electrophoresis 

sample buffer. Proteins were separated on 10 or 12% SDSïpolyacrylamide 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 antibodyïantigen 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 Ñ SEM. Comparisons among groups were made by using 

Studentôs 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: 180Ñ5.6 Hgmm, WKY: 130Ñ5.4 Hgmm, at the age of 42 weeks SHR-C: 230Ñ6.3, 

WKY-C: 130Ñ5.4, WKY-L: 135Ñ5.5 Hgmm) (p<0.05 SHR-C vs. WKYs). L-2286 treatment 

did not alter systolic blood pressure of SHR animals (SHR-C: 230Ñ6.3, SHR-L: 225Ñ2.4 

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 ÑSEM. *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: 39Ñ2.5 ɛm vs. SHR: 40Ñ2.3 ɛm; 

ASI: CFY: 3.79Ñ0.46, SHR: 3.86Ñ0,41). 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: 41Ñ2 ɛm vs. SHR-C: 78Ñ5 ɛm, 
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p<0.05). L-2286 treatment decreased significantly the thickness of carotid arteries induced by 

elevated blood pressure (SHR-L: 63Ñ1 ɛm, 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: 3.79Ñ0.46, SHR: 3.86Ñ0.41), (at the age of 42 

weeks CFY: 4.1Ñ0.1 vs. SHR: 5.8Ñ0.3, p<0.01; SHR-L: 4.3Ñ0.4 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 meansÑSEM.  #p<0.05 (WKY vs. SHR-C 42 week old), Ä 

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 meansÑSEM. #p<0.05 (WKY  vs. SHR-C), Ä 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 meansÑSEM. *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 ð p38-MAPK
Thr180-Gly-Tyr182

,
 
JNK, and ERK1/2

Thr183-Tyr185
 ð 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 

İ
Thr183-Tyr185

 and p38-MAPK
Thr180-Gly-Tyr182

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

Actin is shown as loading control. Values are meansÑSEM. *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 

Massonôs 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: 18.16Ñ0.61%, SHR-C: 26.23Ñ0.68%, SHR-L: 20.86Ñ1.05%, p<0.05 SHR-C vs. 

WKY groups). A similar result could be seen in the aortic wall as well (WKY: 19.22Ñ0.8%, 

SHR-C: 27.62Ñ1.45%, SHR-L: 21.24Ñ0.63%, 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 Massonôs 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 meansÑSEM. *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 meansÑSEM. *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 meansÑSEM. *p< 0.05 WKY vs. SHR-C, #p< 0.05 SHR-C vs. 

SHR-L. 
 

 

 

                     Carotid artery 
        
      WKY-C   WKY-L    SHR-C     SHR-L 

                                           

ACTIN 

    
   MKP-1 

    

                         Aorta 
        
    WKY-C     WKY-L    SHR-C   SHR-L 

                                               
   MKP-1 

    

ACTIN 0

10000

20000

30000

40000

50000

60000

70000

80000

WKY-C WKY-L SHR-C SHR-L

M
K

P
-1

 (
a

.u
.)

# 
 * 

0

10000

20000

30000

40000

50000

60000

WKY-C WKY-L SHR-C SHR-L

M
K

P
-1

 (
a

.u
.)

# 
 * 

A 

B 



 22 

 

 

 

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-əB activity can be seen only in the cytoplasm of cells. Our results 

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

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

the activity of NF-əB (p<0.05 vs. SHR-C) (Figure 11.). 
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